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Summary

The present PhD thesis is organized in three sections as follows.

The first part of the PhD thesis was focused on the assessment of the climate change in the
Emilia-Romagna, whereas considered research periods were during the both, past (1961-2015
for the entire Emilia-Romagna; 1953-2013 for the ‘Romagna Sangiovese’ appellation area) and
future decades (2018-2027, 2011-2040 and 2071-2100 for the entire Emilia-Romagna). Two
types of the spatially interpolated meteorological data for past periods (high resolution and low
resolution), spatially interpolated climate data with corrected bias from Regional Climate Models
for future periods, diverse statistical methods (trend analysis with Mann-Kendall test, trend
homogeneity analysis with Pettitt test etc.) and appropriate bioclimatic indices developed
particularly for the climatic classification of viticulture region were used to identify climatic
suitability to cultivate grapes in the Emilia-Romagna. Additionally, a real case study was
performed with data from seven Romagna’s wineries in order to identify the potential impact of
the climate change on the Sangiovese berry sugar content and grape yield.

The second part of the PhD thesis was focused on the development of mitigation techniques that
may be used to face the impact of climate change in the future decades. In particular, late winter
pruning was applied to cv. Sangiovese grapes aiming to reduce concentration of total soluble
solids in berries. Additionally, dealcholization and acidification of Chardonnay wines were
achieved by addition of must from unripe Chardonnay grapes and utilization of non-
Saccharomyces yeast strains. Obtained results in the present PhD thesis may help viticulturists
and winemakers to further develop wine industry by choosing climatologically appropriate grape
varieties or researchers to further develop mitigation techniques which will allow sustainable
grape production in the Emilia-Romagna.

The third part was related to the development of an analytical method to evaluate wine
parameters affected by climate change and mitigation strategies, same as to analytical profiling
of potential additives to face climate change.



Riassunto

La presente tesi di dottorato e organizzata in tre sezioni come di seguito indicato.

La prima parte della tesi di dottorato si é focalizzata sulla valutazione del cambiamento climatico
nell'Emilia-Romagna, dove i periodi di studio considerati sono stati entrambi in passato (1961—
2015 per Il'intera Emilia-Romagna; 1953-2013 per la ‘Romagna Sangiovese’) e futuri decenni
(2018-2027, 2011-2040 e 2071-2100 per tutta I'Emilia-Romagna). Due tipi di dati
meteorologici interpolati spazialmente per periodi passati (alta risoluzione e bassa risoluzione),
dati climatici interpolati spazialmente con bias corretto dai modelli climatici regionali per periodi
futuri, metodi statistici diversi (analisi di tendenza con test Mann-Kendall, analisi di omogeneita
di tendenza con test di Pettitt ecc.) E indici bioclimatici adeguati sviluppati in particolare per la
classificazione climatica della regione viticola sono stati usati per identificare I'idoneita climatica
per coltivare lI'uva nell'Emilia-Romagna. Inoltre, é stato condotto uno studio di casi concreti con
dati provenienti da sette cantine Romagnole per individuare [I'impatto potenziale del
cambiamento climatico sul contenuto di zucchero di bacche di Sangiovese e la resa dell'uva.

La seconda parte della tesi di dottorato & stata focalizzata sullo sviluppo di tecniche di
mitigazione che possono essere utilizzate per affrontare I'impatto del cambiamento climatico nei
prossimi decenni. In particolare, la potatura tardiva invernale é stata applicata a cv. Sangiovese
per ridurre la concentrazione di solidi solubili totali nelle bacche. Inoltre, la degradazione e
I'acidificazione dei vini Chardonnay sono stati ottenuti mediante I'aggiunta di mosti provenienti
da uve Chardonnay non abbiate e I'utilizzazione di ceppi non-Saccharomyces. | risultati ottenuti
nell'attuale tesi di dottorato possono aiutare i viticoltori e gli enologi a sviluppare ulteriormente
I'industria del vino scegliendo le varieta di uve climatologicamente appropriate oi ricercatori per
sviluppare ulteriormente tecniche di mitigazione che consentiranno la produzione sostenibile
dell'uva in Emilia-Romagna.

La terza parte era legata allo sviluppo di un metodo analitico per valutare i parametri del vino
influenzati di cambiamento climatico e di strategie mitigazione, anche per la profilazione
analitica di potenziali additivi per affrontare il cambiamento climatico.
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1 Introduction and Project aim

1.1 Introduction

‘Climate change’ is a change in the weather patterns that can be detected (e.g. using statistical test) as
deviation in the mean and/or the variability of its features, which is persistent for the certain period
(decades or longer). These deviations refer to any changes in the weather patterns, whether they occurred
due to natural factors (e.g. volcano activities, forest fires, El Nifio) or anthropogenic factors (e.g. exhaust
gases from cars and factories) (IPCC, 2007). Apart from constantly present changes in weather patterns
due to natural factors (e.g. five major ice ages), since the middle of the 20" century exist also
considerable influence of anthropogenic factors (Fig 1.1). Influence of climate change may be manifested
though many direct or indirect consequences (e.g. increase of Global temperature, increased risk of
droughts, accelerated ice cape melting), which further alter vast number of ecosystems on the Earth.

AT (°C)
1.0+

Natural

HadCRUT3 Total

Anthropogenic

0.8

0.6

-0.2 4

1850 1875 1900 1925 1950 1975 2000

Figure 1.1 Contribution of natural (blue) and anthropogenic (red) factors to the observed (black) and
simulated (gray) mean Global temperature increase (modified from Huber and Knutti, 2011).

Vitis vinifera is highly sensitive to climate conditions (Fraga et al., 2012; Gladstones, 2011; Holland
and Smith, 2014) such as air temperature and precipitation, therefore climate change can modify grape
and wine composition to large extent. Sensitivity to climate characteristic is reflected by narrow areas
suitable for the high-quality wines production, often determined by growing season isotherms that vary
from too cold (<12°C) to too hot (>22°C) (Jones, 2006) (Fig. 1.2).
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Figure 1.2 Global wine regions and 12-22°C growing season temperature zones (April-October in the
Northern Hemisphere and October—April in the Southern Hemisphere) (adopted with permission from
Jones, 2012).

Hypothesis that climate conditions, in particular temperature (Jones, 2012), have strong influence on
viticulture is also supported by historical evidence of vine-producing existence in the north coastal zones
of the Baltics and southern England from 900 to 1300, due to the higher temperatures in that period
(Gladstones, 1992), and also production fade from the same regions making them inadequate due to the
dramatic decrease of temperature, starting from the 14™ until the 19" century (Jones et al., 2005) (Fig
1.3).
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Figure 1.3 Standardized temperature variation in central England during last thousand years (modified
from Crowley and Lowery, 2000).

The influence of the climate change on wine sector is depending on vast number of direct and indirect
variables such are air temperature (Neethling et al., 2012), precipitations (see 4.2.2.2), atmosphere level
of CO; (Kizildeniz et al., 2015), ultraviolet (UV-B) radiation (Schultz, 2000), planted grape varieties
(Tomasi et al., 2011), application of adaptation techniques and husbandry practices (Hunter et al., 2016;
Palliotti et al., 2014; Varela et al., 2015), topography and soil characteristics (Fraga et al., 2014a) etc.
Combination of all mentioned factors is in greater or lesser percent unique for each grape producing
region, which is evident in many published works related to this topic (Bonnefoy et al., 2013; Fraga et
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al., 2014b Hall and Jones, 2010; Lorenzo et al., 2013; Resco et al., 2016; Vr3i¢ et al., 2014), thus there
is a need to examine also currently unstudied areas such as the traditional wine region Emilia-Romagna
(ltaly) due to its great importance at a national and international level. Assessment of climate change may
be conducted whether for the past or the future, whereas both parts are required to fully understand
climate change trends and gather information which later serve as a tool to develop adaptation strategies.

The final outcome and consequences of climate change influence on wine industry could rather be
positive or negative. Negative consequences on wine industry are manifested as crop load reduction
(Ramos and Martinez-Casasnhovas, 2010), production of unbalanced wines with excessive alcohol
(Jones et al., 2005), utilization of additional investment expenses in mitigation technologies, reduction of
anthocyanins (Mori et al., 2007), lower must acidity (Godden et al., 2015) etc. On the contrary, in some
high quality wine regions, such as Chianti (Italy), Bordeaux and Burgundy (France), Barossa and
Margaret River (Australia), warming resulted in increasing trends of wine vintage ratings over the second
half of the 20™ century (Jones et al., 2005). Furthermore, warming in future decades may translocate
zones with optimal growing season mean temperature (12—-22°C) polewards, towards the coast and higher
elevations (Jones, 2012) and transform non-traditional wine producing zones to suitable for grape
cultivation (Bardin-Camparotto et al. 2014).

The wine and grape industry is widely spread over the world with approximately 7534 Kha of planted
vineyard surfaces worldwide, with 274 MhL of wine and must production per year (harvest 2015). Even
though, wine consumption was reduced worldwide after economic crisis in 2008, total volume of
exported wine, same as the total value of exports is steadily growing from 2000’s on a globe scale,
suggesting that sustainable winemaking industry is an important factor for the economic stability in
counties which are the largest wine exporters (France, Italy, Spain) (O1V, 2016). Nowadays, a sustainable
wine industry in environment of accelerated climate change becomes a great challenge, thus it is
necessary to develop appropriate adaptation techniques to mitigate upcoming events. In literature, there
are already a various adaptation techniques that can be divided into four principal groups: (i) viticulture
techniques, (ii) pre-fermentation techniques, (iii) biotechnological techniques and (iv) post-fermentation
techniques. However, due to high diversity of climatic conditions over entire wine industry and
everlasting trend to decrease cost of production and increase quality of final products there is a need to
further develop new mitigation techniques and to examine synergistic effect of existing techniques.

1.2 Projectaim

The aim of this PhD thesis titled: ‘Climate change vs Wine industry in the Emilia-Romagna: Assessment
of the climate change, influence on wine industry and mitigation techniques’ is to examine climate change
trends in the Emilia-Romagna (ER) during both, past and future decades, with appropriate meteorological
data base and suitable statistic tools. To identify the link, if any, between climate trends and grape
guality/quality parameters and to develop new adaptation techniques to moderate the influence of climate
change on wine industry.
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To achieve this aim, several experiments were designed as followed:

V.

Climatic shifts in the ER’s high-quality wine production areas — covers examination of climate
changes by calculating bioclimatic indices (BIs) for currently well-established high-quality wine
production areas of the ER during the period 1961-2015; examination of climate changes in
currently grape non-cultivated areas of the ER to identify, from climatological aspect, a new
suitable area for grape production in the ER.

Projections of climatic shifts in the ER wine production areas — covers examination of climate
projections in the periods 2018-2027, 2011-2040 and 2071-2100 under two possible scenarios
(Representative concentration pathway (RCP) 4.5 and RCP 8.5) by calculating Bls for currently
well-established high-quality wine production areas of the ER during.

Influence of climate change on grape yield and sugar content of Sangiovese grapes from the
studied part of Romagna — covers assessment of climate change trends over 61 years (from 1953
to 2013) in the studied area by calculating Bls; relation between Bls and grape sugar content
from seven wineries during the period 2001-2012; relation between Bls and grape yield during
the period 1982-2012,

Development of new adaptation techniques to climate change.

a. Effect of late winter pruning on Sangiovese grape berry composition from organic
management — covers examination of late winter pruning as potential technique to
moderate effect of increasing total soluble solids must concentration in organic
Sangiovese grapes caused by warmer and/or drier climatic conditions.

b. Combination of viticulture and biotechnological techniques as a method to reduce
alcohol content and pH — covers assessment of possibilities to use viticulture and
biotechnological techniques as a combined method to mitigate negative impact of hot
and dry vintages (e.g. excessive ethanol concentration and high pH) on Chardonnay
wines.

Development of analytical method to evaluate wine parameters affected by climate change and
analytical profiling of additives to face climate change.

a. Development of method using Waveguide Vector Spectrometer to examine
alcohol and glycerol content of red wines.

b. Analytical profiling of commercial tannins by ICP-MS and spectrophotometric
methods to identify potential additives in winemaking that could be used during
hot vintages.
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CHAPTER 2

Climate change in the Emilia-Romagna’s DOP appellation areas

(1961-2015)
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2 Climate change in the Emilia-Romagna’s high-quality wine DOP
appellation areas (1961-2015)

Teslié, N., Vujadinovi¢, M., Ruml, M., Antolini, G., Vukovié, A., Parpinello, Giuseppina P., Ricci, A., Versari, A.,
2017. Climatic shifts in high quality wine production areas, Emilia Romagna, Italy, 1961-2015. Climate Research
73, 195-206

Versari, A., Ricci, A., Tesli¢, N., Parpinello G.P., 2017. Climate change trends, grape production, and potential
alcohol concentration in Italian wines. In Proceedings of the SIAVEN Symposium. Chile

2.1 Introduction

As mentioned before grape production is strongly affected by climate variables (Fraga et al. 2012a), thus
climate change may modify grape and wine composition to a great extent. However, due vast number of
relevant climatic factors (e.g. temperature) and non-climatic factors (e.g. topography) the magnitude of
climate change may diverse among wine regions (Jones et al., 2005). This was confirmed by Jones et al.
(2005) that reported a significant growing season temperature trends for the majority of Europe and
North-America wine regions during the last 50 years of the 20" century, with an average increase of
1.26°C. However, authors also reported the lack of statistically significant temperature trends for the
majority of Southern Hemisphere wine regions. Thus, despite the importance of the global climate change
trend, from the viticulturist/winemaker point of view it is also important to understand and examine
regional climate change trends in order appropriately adapt to potential upcoming climate changes that
could have impact on grape and wine composition. Therefore, climate change examination on regional
level is particularly important for currently unstudied areas, such as the traditional Italian wine region ER
due to its great importance at a national and international level.

Since the magnitude of climate modifications depends on mutual interaction of climatic and non-climatic
variables, examinations of simple temperature and precipitation values are insufficient to explain climate
change on regional level. Thus, certain Bls developed for effective monitoring of climate change in wine
regions have to be used. Whereas computation of commonly used Bls allows easier comparison of
climate characteristics and climate change shifts between wine regions. These Bls may be divided into
three groups: (i) Bls derived from a single climatic variable (e.g. minimum temperatures during
September — Cool night index (Tonietto, 1999)); (ii) Bls derived from two or more climatic variables
(e.g. maximum and mean temperatures from April to September — Huglin index (Huglin, 1978)); (iii) Bls
derived from climatic and non-climatic variables (e.g. monthly precipitation and evaporation of bare soil
— Dryness index (Tonietto and Carbonneau, 2004)). In the last two decades, Bl were computed by
spatially interpolated meteorological data sets (Fraga et al., 2012b; Hall and Jones, 2010) or data sets
directly from the meteorological stations (Duchéne and Schneider, 2005; Tomasi et al., 2011).
Meteorological data sets from meteorological stations are surely a valuable tool for the regional climate
change examination. However, spatially interpolated data sets may allow more precise estimates of
climate variables at locations distant from the measuring meteorological stations. Furthermore, spatially
interpolated data sets have often temporally complete series which allows easier implementation
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(Haylock et al., 2008). The suitability of the spatially interpolated data sets for the regional climate
change studies is strongly related to spatial resolution. This is of the paramount importance due to often
complex topography of the grape cultivation regions, where data sets with relatively low spatial resolution
provided by global climate models (up to 250 km) (Jones et al., 2005; Webb et al., 2007) or regional
climate models (up to 25 km) (Andrade et al., 2014; Lorenzo et al., 2013) may be inadequate to present
vineyard climate characteristics. Therefore, high-resolution, spatially interpolated climatic data (up to 5
km) (Fraga et al., 2014; Lorenzo et al., 2016) may be a valuable tool for the regional climate change
examination of the grape growing areas.

Italy is one of the top world’s wine producer with 49.5 10° hL of produced wine during the vintage 2015
and 682 000 ha of the total vineyard area (OIV, 2016). Total value of all exported wine reached 5.35 10°
€ during the 2015 (OlV, 2016), whereas approximately 50% of the total value of all exported Italian wine
during 2015 was obtained by trading high-quality wine with Protected Denomination of Origin (DOP)
(www.italianwinecentral.com). Therefore, high-quality wine industry affects the economic, social and
cultural aspects of Italy to a great extent. Thus, the aim of this experiment was to ascertain the
appearance, if any, of climatic change that could affect the winemaking industry in DOP appellation
zones in the ER.

2.2 Materials and Methods

2.2.1 Study region

The traditional viticulture region ER is located in the northern Italy and stretches from ~ 43° 80’ to 45°
10’ N latitude and ~ 9° 20’ to 12° 75 E longitude. Rich pedological and climatic diversity caused by the
impact of the Adriatic Sea to the east and the mountains to the south, create a unique ‘terroir’ suitable for
the cultivation of several grape varieties, both international and autochthonous. The ER counts about 55
000 ha of vineyards, representing 8.1% of the total Italian vineyard surface, with the main grape varieties
such as Trebbiano Romagnolo white grape that covers 30.4%, Lambrusco red grape 17.7%, Sangiovese
red grape 15.5%, Ancellota red grape that covers 7.9% of the total ER vineyard surfaces (Pollini et al.,
2013). The total ER wine production is estimated on 7.91 10° hL during vintage 2014, placing the ER as
the 2™ winemaking region with 18% of the total Italian wine production by volume. A considerable
volume of the total ER’s wine production (15.9%, vintage 2014) is high-quality DOP (Protected
Denomination of Origin) wines, which are divided into subgroups, DOCG (Controlled and Guaranteed
Denomination of Origin) and DOC (Controlled Denomination of Origin) wines. The production of the
DOP wines is widespread over the entire ER region except for the mountain zones and certain
northeastern and northwestern zones (Fig. 2.1).
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Figure 2.1 Location DOC (Controlled Denomination of Origin) and DOCG (Controlled and Guaranteed
Denomination of Origin) grape production areas in the Emilia-Romagnha (modified from
www.enotecaemiliaromagna.it).

2.2.2 Meteorological data and bioclimatic indices

The experiment was conducted using a high-resolution gridded climate data provided by the Regional
Agency for Prevention, Environment and Energy of the Emilia-Romagna (www.arpae.it). Gridded
meteorological data for the period 1961-2015 were obtained from precipitation (254 locations) and
temperature (60 locations) time series, preliminarily checked for quality, temporal homogeneity and
synchronicity. The daily climate data were interpolated on a 5 x 5 km grid, by the algorithms as described
in details elsewhere (Antolini et al., 2016). Algorithms consider topography (lapse rate examination,
including thermal inversions; topographic barriers; topographic relative position), land use (urban
fraction), and a day-by-day error minimizing procedure for the examination of the interpolation
parameters. Specific Bls were computed for the DOP appellation viticulture zones over the two periods:
1961-1990, as a standard climatological period, and 19862015, as the latest 30-year time-series. The Bls
used for this experiment were calculated as presented in Table 2.1.
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Table 2.1 Mathematic definitions and classes of used Bls.

Bioclimatic
index

Mathematical
definition

Classes

Temperature related indices

1 31.10. Too cool: < 12
Tmean = — Z Tn Cool: 12-15
Growing season N v Intermediate: 15-17
mean temperature Warm: 17-19
(Tmean)1 Tn — Mean air temperature (°C) Hot: 19-21
N — Number of days Very Hot: 21-22
Too Hot: > 22
31.10.
Number of days with

max temperature in the
range 25-30°C (ND

ND 25 — 30°C = Z ND 25 — 30°C
1.4

Number of days with max
temperature in the range 25—

25-30°C)? ND 25-30°C — Number of days with 30°C (ND 25-30°C)?
max temperature in the range 25-30°C
31.10.
Number of days with ND > 30°C = z ND > 30°C
max " Number of days with max
temperature > 30°C temperature > 30°C (ND >
(ND > 30°C)? ND > 30°C — Number of days 30°C)?

with max temperature > 30°C

Cool night index (CI)®

Tm — Min air temperature (°C)
N — Number of days

Warm nights: > 18
Temperate nights: 14-18
Cool nights: 12-14
Very cool nights: < 12

Huglin index (H1)*

30.9.

Tx —10°C) + (Tn — 10°C
p= Y (X100 Tn=100)

2

4.1.

Tx — Max air temperature (°C)
Tn — Mean air temperature (°C)

k — Length of the day correction coefficient

Very warm: > 3000

Warm: 2400-3000
Temperate warm: 2100—2400
Temperate: 1800—2100
Cool: 1500—-1800

Very cool: < 1500
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Mathematical Classes

Bioclimatic index definition
4110 Too hot: > 2700
i —~ ' Tx +Tm Region V: 2222-2700
Growing degsrge day GDD = Z ———10°C Region IV: 1944-2222
(GDD)* ey Region III: 1667-1944

Region II: 1389-1667
Region I: 8501389
Tm — Min air temperature (°C) Too cool: < 850
Tx — Max air temperature (°C)

Precipitation related indices

31.10.
Total precipitation Tprec = z P
(Tprec) 1.4 -

P — Precipitation (mm)

30.9.

DSI = Z ND < 1mm
Dry spell index (DSI)’ 14

ND < 1 mm — Number of days with
precipitation < 1mm

Temperature, precipitation and non-climatic variables related indices

30.9.
DI=W0+Z[Pm—(Et+Es)] .
— Humid : > 150
Moderately dry: 50-+150
Et = aPET Sub-humid: -100+50
Dryness Index (DI)* Very dry: < -100
PET(1 — a)Nef prec
Es = N
a —Plant radiation absorption coef
W, — initial soil moisture (200 mm) (a=0.1,0.3,0.5 in April, May,
P.»— monthly precipitation June—September, respectively)
E— Water loss through transpiration Neforec — Monthly effective soil
Es— Bare soil evaporation evaporation
PET — Potential evaporation N — Number of days in month

!(Fraga et al., 2014), >(Ramos et al., 2008), *(Tonietto, 1999), *(Tonietto and Carbonneau, 2004), °(Hall and
Jones, 2010), ® (Winkler et al., 1974), /(Dubuisson and Moisselin, 2006).
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2.3 Results and Discussion

Narrow areas suitable for the production of high-quality wines are often determined by growing season
isotherms that ranges from too cool until too hot (12°C<T.n>22°C) (Fraga et al., 2014). Average T ean
in the ER’s high-quality wine production areas during the periods 1961-1990 and 1986-2015 was 17.64
and 18.72°C, respectively (Table 2.2). However, even if average T e in the Emilia-Romagna’s DOP
zones was characterized as ‘warm’ during the second period (1986-2015), in certain DOP zones of the
ER, Tmean Was characterized as ‘hot’ during the same period (Tesli¢ et al., 2017).

Table 2.2 Average bioclimatic indices values during the two periods (1961-1990; 1986-2015) in the
Emilia-Romagna’s wine high-quality Protected Denomination of Origin appellation zones.

Period Tiizzm Cl ND25-30°C ND>30°C HI GDD T DSI DI
[°C] [°C] [days] [days] [units] [units] [mm] [days] [mm]
1961-1990 17.64 13.19 61.42 24.77 2048.35 1663.67 47256  165.00 99.48
1986-2015 18.72 1331 60.04 45.60 2299.90 1888.84 469.04  165.18 71.52

The increase of Tean Suggests different impact on regional viticulture suitability and production of high-
quality wines. In particular, lesser appearance of vintages with ‘warm’ T e, particularly after 2000’s (Fig.
2.2), which are optimal for Sangiovese, one of the main red cultivars in the ER (Pollini et al., 2013), may
induce viticulturists to cultivate later maturing grapevine varieties in order to adapt to upcoming warming
conditions that are expected for the entire northern Italy (Ruml et al., 2012). Grape varieties that may be
potentially suitable for cultivation during the future decades in DOP areas of ER region include Grenache,
Carignane, Zinfandel and Nebbiolo (Fig. 2.3).

Tmean [°C]

Hot

19

18 Warm

17

16 | ||

| | Intermediate

Figure 2.2 Average mean growing season temperature in the Emilia-Romagna’s wine high-quality
Protected Denomination of Origin appellation zones from 1961 until 2015.

Furthermore, as a direct consequence of increasing temperatures, an average number of days exceeding
30°C increased in the ER’s DOP zones in the second period (45.60 days; 1986-2015) comparing to the
first period (24.77 days; 1961-1990), (Table 2.2). Inversely, an average number of days with maximum
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temperatures was approximately constant in the ER’s DOP zones (Table 2.2). These changes may affect
vine photosynthesis and growth process, since days with maximum temperature in the range of 25-30°C
is optimal for the vine photosynthesis (Carbonneau et al., 1992). On the other hand, a certain number of
days exceeding 30°C may induce vine heat stress, premature véraison, berry abscission, reduced flavor
development and enzyme activation (Mullins et al., 1992). During the 21* century, daily maximum
temperature in the vegetative period may even exceed 45°C, reaching upper-temperature limit for the
photosynthesis process (Greer and Weedon, 2012), and having a negative impact on the grape berry
composition and crop load.

«—— Cool —» < Intermediate —» €— Warm—» €«——Hol——»
Average Growing Season Temperature (NH Apr-Oct; SH Oct-Apr)

13-15°C 15 -17°C 17 - 19°C 19 - 24°C
 Muller-Thurgau_| : :i :
Pinot Gris i i: i
Gewurziraminer | i ii i
Riesling y N d
Pinot Noir i ii i
Chardonay 1 n :
Sauvignon Blané: } ii i
Semillon! i :
Cabernet Franc: . |
Te}npranillo i ' i
iDolcenoii i
"Merlot_!" :
" Malbeo 1
" Viognidf !
| _Syrah i
[ : 1, Table grapes
G]abernet S:»z:;uwmon i
i'  Sandipvese '
; Grechizche |
i CIHngnane j
i ¢ EEZntandel:
: 11_Nebbiold
| Ei | " Raisins

Figure 2.3 Optimal mean growing season temperatures (Tmen) for the cultivation of certain grape
varieties. The range of the T, for two periods (1961-1990, black; 1986-2015, red) presents standard
deviation of Tean during respective periods (modified from Jones, 2006).

In the ER’s DOP zones, Cl which is related to the grape’s synthesis of anthocyanins was approximately
constant in the both periods (Table 2.2), and nights were characterized as ‘cool’ during most of the
vintages in the last 55 years (Fig. 2.4). Several studies (Kliewer, 1977; Tonietto and Carbonneau,
1998) reported a positive effect of the night temperatures in an approximate range of 10-15°C on
anthocyanin accumulation during the berry maturing period. Hence, obtained results in presented
experiment suggested optimal night conditions for cultivation of red grape varieties which are used for
red and rosé wine production that represents 55% of the total ER wine production (Pollini et al., 2013).
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Figure 2.4 Average Cool night index in the Emilia-Romagna’s wine high-quality Protected
Denomination of Origin appellation zones from 1961 until 2015.

Average thermal accumulation in the ER’s DOP areas presented as HI, was 2048.35 and 2299.90 units
during the period 1961-1990 and 1986-2015, respectively (Table 2.2). During the first period (1961—
1990) vintages in the ER’s DOP were mainly characterized as ‘temperate/warm temperate’ according to
Huglin classification (Fig. 2.5). However, due to warming, during the second period (1986-2015) same
areas were characterized as ‘warm temperate/warm’ (Fig. 2.5). This increase of thermal accumulation
will most likely continue in the upcoming decades. It is predicted that the entire northern Italy, including
the ER DOP zones, could be characterized as ‘warm’ (according to Huglin classification) wine region in
the upcoming decades (2041-2070; A1B scenario) (Fraga et al., 2013). In general, the magnitude of
these changes will strongly depend on a level of anthropogenic carbon emissions into the atmosphere
during the upcoming decades. Higher temperatures and consequently higher thermal accumulation may
have a negative impact on grape/wine quality (see 4.1.1-4.1.6).

HI [units]
2700
Warm
2500 +
2300 Temperate
warm
2100
1900 Temperate
I
1700 I I Cool

2003
2006
2009
2012
2015

Figure 2.5 Average Huglin index in the Emilia-Romagna’s wine high-quality Protected Denomination of
Origin appellation zones from 1961 until 2015.
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In the ER’s DOP zones, average thermal accumulation in the presented as GDD was 1663.67 and 1888.84
units during the period 1961-1990 and 1986-2015, respectively (Table 2.2). To produce high-quality
wines about 1400-2000 GDD units are often required, depending on grape variety and environmental
factors (Gladstones, 1992). Thus, obtained results are suggesting that ER’s DOP zones had optimal
thermal accumulation for the production of high-quality wines during most of the vintages from 1961
until 2015. However, due to temperatures increase, after 2000’s occurrence of vintages with thermal
accumulation higher than 2000 GDD units is tending to be more frequent (Fig. 2.6). Furthermore, a recent
study reported that certain currently established DOP zones in the ER had more than 2000 GDD units
during the period from 1986 until 2015 (Tesli¢ et al., 2017), suggesting that part of currently established
DOP zones may become ‘too hot” for the production of high-quality wines. This is especially related to
white grape varieties that often demand lower temperatures for optimal cultivation conditions (Fig. 2.3).

GDD [units]
2200
Region IV
2000 +
1800 I Region IIT

‘ ‘ Region II
1

1600 ] ‘

2003
2006
2009
2012
2015

Figure 2.6 Average Growing degree day index in the Emilia-Romagna’s wine high-quality Protected
Denomination of Origin appellation zones from 1961 until 2015.

Average total precipitation in the ER’s DOP areas was approximately constant and it was 472.56 and
469.04 mm during the period 1961-1990 and 1986-2015, respectively (Table 2.2). A recent study also
reported similar values of T, in the ER’s DOP zones, whereas certain changes in precipitation patterns
were observed during the period 1986-2015 compared to the period 1961-1990, however, mostly with a
lack of statistical differences (Tesli¢ et al., 2017). DSI values on a regional level were also approximately
constant and were 165 and 165.18 days during the period 1961-1990 and 1986-2015, respectively (Table
2.2). However, in certain DOP zones (‘Romagna Sangiovese’ DOC) DSI had an increasing trend (9.33
days) which may result in a higher sugar content in Sangiovese berries (see 4.2.2.2). Drier conditions
(evaluated with DI) were detected in the ER’s DOP zones during the period 1986-2015 (71.52 mm; Table
2.2) comparing to the period 1961-1990 (99.48; Table 2.2) suggesting that besides precipitation,
temperature as well, had an important role in soil water availability in the ER’s DOP zones. The negative
effect of the increasing temperatures on soil water availability may be due to higher evaporation from soil
under warmer conditions (Alcamo et al., 2007). The vintages in the ER’s DOP areas were mainly
characterized as moderately dry during the first period (1961-1990) (Fig. 2.7). However, due to most
likely higher soil evaporation, certain vintages in the ER’s DOP areas, particularly after 2000’s were
characterized as sub-humid (Fig. 2.7). The appearance of sub-humid vintages in the ER
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DOP zones will most likely occur during the future decade as it was supported by a recent study (Fraga
et al., 2013). Authors reported that during the period 2041-2070 under the A1B scenario certain areas in
the ER may be characterized as ‘sub-humid’. Detected changes may lead viticulturists to install irrigation
systems, non-traditionally used for grape cultivation in the ER, to mitigate consequences caused by
warmer and drier conditions (see 4.1.1-4.1.6).
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Figure 2.7 Average Dryness index in the Emilia-Romagna’s wine high-quality Protected Denomination
of Origin appellation zones from 1961 until 2015.

2.4 Conclusions

The findings of the present experiment highlighted the changes in climate related to the viticulture
suitability of the ER’s DOP zones during two periods, 1961-1990 and 1986-2015. Detected changes in
the Bl may affect suitability to produce high-quality wine in the ER’s DOP areas, which could become
‘too hot’ for the production of these wines. The negative impact of rising temperatures on wine
production could be mitigated by planting later ripening grape varieties comparing to those currently
present in the ER DOP zones. Also, the experiment results suggested that warmer and drier conditions in
the last 3 decades (1986-2015) decreased soil water availability necessary for plants development in the
ER DOP zones, which implies the need of updated strategy for future implementation of irrigation
systems in vineyards.
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Appendix A — Climatic shifts in the high quality wine production areas,
Emilia-Romagna, Italy, 1961-2015
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ABSTRACT: In the presented work, daily observations of minimum and maximum temperatures
and precpitation —spatially interpolated in a high-resolution grid (5 x= 5 km)—were used to
detect climate shifts in the viticultural appellation areas of the Emilia-Romagna [ER) region, in the
periods 1961-1200 and 1886-2015. The growing season [Apnl to October) minimum, mean, and
maximum temperatures were significantly increased in the second period compared to the first
over the majority of the ER. Predpitation did not differ significantly, with the exception of certain
small northeastern areas of the ER. The detected changes affected the ER viticultural environment
in several ways: (1) an increase in the number of days with maximum temperature exceeding
30°C, which can induce plant stress; (2) changes in starting and ending dates of the dimatologi-
cally defined growing season, dates of the first fall frost and the last spring frost, and length of the
frost-free period; (3) shifts of most vineyard areas from ‘Region 2/Region 3" to "Region 3/Region 4'
(according to the Winkler Index); [4) shifts of the majority of the grape-produdng zones from
‘temperatefwarm temperate’ to "warm temperatefwarm' {according to the Huglin Index); (5) de-
creased availability of soil water, which is necessary for grapevine development

KEY WORDS: Climate change - Emilia-Romagna - Vibiviniculture sustainability - Bioclimatic
indices
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1. INTRODUCTION

Italy is one of the top wine producers in the world
[40.5 x 10° hL of wine produced during the harvest in
2015; of. France, 47.6 = 108 hlL, and Spain, 36.6 =
10° hL) and has 682000 ha of total viticultural area,
along with €525 = 10° total export value of all wines
[Organisation Intermationale de la Vigne & du Vin,
OI, 2016). Roughly 50% of the total lalian wine
export value for 2015 was from high-guality wines
with Protected Denomination of Orgin (DOF) (http.s

* Corresponding author: nemanja teslic@stodio unibo it

Riziala or rapublcalion Dol | [

£ o i prshlsh

italianwinecentral. com). Thus, the winemaking in-
dustry and the production of high-quality wines
influence the economic, social, and cultural aspects
of Italy to a great extent

Vitis vimifera {Vv) is highly sensitive to climate
characteristics (Gladstones 2011, Fraga et al. 2012a,
Holland & Smit 3014), such as tempemature and pre-
cipitation, and therefore the weather can be consid-
erad as a major drver of grape production (Hannah
et al. 2013). The strong influoence of dimate condi-
tions on viticulture, in particular temperature (Jones

& Inter-Research 2017 - www.int-res.com
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2012), is supported by historical evidence of vine pro-
duction in the northern coastal zones of the Baltics
and southern England from 800 to 1300, due to the
higher temperatures in that perod (Gladstones
1802], and its decline from the 14th century due to
the dramatic decrease in temperature (Jones at al
2005]).

Duse to the industrial revolution and anthropogenic
carbon emissions, the atmospharic OO0 concentration
has increased from 280 to 400 ppm, with an estimated
trend peaking at approximately 700 ppm by the end
of the 21st century (Collins et al. 2012) and with cor-
responding temperature increase between 2.5 and
4.5°C in western and northern Burope (Schulkz &
Labon 2005). Projectad temperature trends, with sida
effects such as longer drought periods due to the
higher soil evaporation (Alcamo et al. 2007), could
have many negative consequences on the wina in-
dusiry, including yield reduction (Ramos & hMartinesz-
Casasnovas 2010), production of unbalanced wines
with excessive alcohol and low pH (Jones st al 2005),
and the utilization of additional investment expenses
in mitigation technologies. However, the impact of
climate change is not necessarily detrimental to the
wine industry. In some European high-guality wine
regions, such as Chianti (Taly), Bordeaox, and Bur-
gundy (France), warming has resulted in inreasing
trends for wine vintage ratings over the second half of
the J0th century (Jones et al. 2005). Additionally, fu-
ture warming could spatially shift zones with optimal
growing season temperature (12 to 22°C) (Jones
2006) pelewards, towards the coast and higher elava-
tions (Jomes 2012), and transform non-traditional
wine areas into regions suitable for grape cultivation
[Bardin-Camparotto et al. 2014).

Spedes such as Vv are affected by climatic and
non-climatic factors (O'Donnell & Ignizio 2012). There-
fore, temperature or precipitation measurements
alone might be insuffident for the characterization
and examination of viticultural suitability. For exam-
ple, soil water availability presented only as seasonal
or annual precipitation does not indude non-climatic
factors related to water loss through transpiration
and evaporation from bare seil. On the other hand,
the Dryness Index (D), which was developed spe-
dally for viticultural use [Tonietto & Carbonneau
2004), incorporates particular climatic and non-
climatic factors relevant for soil water availability.
Hence, certain bioclimatic indices (BI) designed for
effective monitoring of climate shifts in viticultural
regions should be used.

In the last 2 decades, the potential impact of di-
mate change on viticulture suitability has been stud-

ied in many different wine regions using either spa-
tially interpolated meteorological data (Hall & Jones
2010, Fraga et al. 2012b) or data taken directly from
meteorological stations (Meethling et al. 2012, Han-
nah et al 2013, Neumann & Matzarakis 2014). Cli-
mate data from weather stations are clearly a valu-
able tool for regional climate change assessment.
However, spatially interpolated data sets could allow
better astimates of weather variables at locations
distant from the measuring stations. Additionally,
gridded data sets are often easier to implement due
to temporally complete series [Haylock et al 2008).
The suitability of gridded data for regional climate
change studies strongly depends on  spatial
resolution. This is particularly important for vitivini-
culture studies, doue to the often complex topography
of the grape-growing regions, where data sets with
spatial resolution provided by global climate models
{up to 250 km) [Jones et al. 2005, Webb et al. 2007) or
regional dimate models (-25 km) (Lorenzo et al
2013, Andrade et al. 2014) might be insufficient to
present vineyard climate. Therefore, high-resolution,
spatially interpolated climatic data (1 to 5 km) may be
a valuable tool for the regional climate change as-
sessment of grape-growing areas (Fraga et al. 2014,
Lorenzo et al. 2016).

Basad on previously poblished studies which
addressed climatic changes in several wine regions
(Hall & Jones 2010, Bonnefoy et al. 2013, Lorenzo et
al. 2013, Fraga ot al. 2014, VrEi ot al 2014, Resco et
al. 2016), it is evident that each region has a unigue
combination of factors relevant to witiculture suit-
ahility. Thus there is a nead to focus on the currently
unstudied areas, such as the raditional alian wine
reqgion Emilia-Romagna [ER], which has great impor-
tance at a national and international level. Therefore,
the aim of this study was to ascertain the ocourrence,
if any, of dimatic change that may affect the suit-
ahility of the high-guality wine production in the ER
Teqion.

2. MATERIALS AND METHODS

2.1. Study region

The traditional viticulture region ER is located in
northern Italy, approximately between 43°80" and
45°10°' M, and 9° 20" and 12° 75" E. Great pedological
diversity and climatic vamability, caused by the in-
fMuence of the Adriatic Sza to the east and mountains
to the south, create a unigque ‘terroir’ suitable for the
production of numerous grape vaneties, both inter-
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Fig. 1. Protecied Denomination of Origin [P, shaded areas) grape producton and topography in the Emilis-Romagna region

national and autochthonous. The total ER wine pro-
duction is estimated at 7.91 x 105 hL [harvest 2014),
placing the ER as the second largest wine-producing
region in Italy, providing 18% of the total Ialian
wine production by volume. A considerable volumea
of the total wine production of the ER (15.9%, harvest
2014) consists of high-quality DOP wines. The pro-
duction of DOP winas is widespread over the entire
ER with the exception of the mountainows areas and
cartain northeastern and northwestern areas (Fig. 1).

2.2, Climate data

The study was conducted using high-resolution
gridded meteorological data provided by the Re-
gional Agency for Prevention, Environment and
Energy of Emilia-Romagna (www.arpae.it). Gridded
climate data for the perod 1861-2015 were produced
from precipitation (254 locations) and temperature
(60 locations) time senes, preliminarily checked for
quality, temporal homogeneity, and synchronicty.
The daily data were interpolated on a 5 = 5 km grid
using the algorithms described by Antolini et al
(2016), which take into account topography (lapse
rate estimation, including thermal inversions; topo-
graphic barniers; topographic relative position), land
use (urban fraction), and a day-by-day ermor-mini-
mizing procedure for the estimation of the interpola-
tion parameters. An average elevation is available for
each of the 1024 cells.

2.3. Bioclimafic indices

Specific Bl were calculated for the viticultural ap-
pellation areas, as well as for the non-traditional
grape cultivation zones, over the 2 periods: 1961-
1900, as a standard climatological period, and 1986—
2015, as the latest 30 yr time-series. The most com-
mon climate parameters and Bl were considered
(Table 1, Table 51 in the Supplement at www.int-
res.comyarticles/supplfic07 3p1 85_supp.pdf].

Growing Degree Day (GDD) or the Winklar Ther-
mal Index presents thermal accumuolation during the
growing season where only temperature accumula-
tion above 10°C (base temperature) is taken into
account (Winkler et al. 1974). Due to temperature
increase and consequently prolongation of the grow-
ing season length, the standard growing season
pericd relevant for GDD calculation (1 April to 31
October, northern hemisphera) may no longer be
accurate. Therefore, in order to verify the suitability
of standard GDD to display thermal accumulation in
the ER, GDD} was calculated wsing 2 methods: (1)
calculating ‘standard” thermal accumuolation from
1 April to 31 October; {2) calculating thermal accu-
mulation from the start of the growing season (G5,
Table 1) until the end (GS5a, Table 1).

The Heliothermal Index or Hoglin Index (HI) pres-
ents thermal acoumulation during the growing
saason, caloulated using daily mean and maximuom
temperatures, providing more weight to maximom
temperature compared to GDID. HI caloulation also



Author copy

26|Page

188 Clim Res 73: 185206, 2017
Tahle 1. Description of growing season and frost indices used in the: study
Variable Description Reference
Growing season indices
 — Crowing sexson mean temperature (1 Aprl-31 October) [Jones 2006, Fraga et al. HH4)
Trnin Crowing sexson minimum temperature (1 April-31 Odober) [Bamos et al. 200E)
Tomer Crowing sexson marimum temperatures (1 April-31 October) [Ramos =t al. 200E)
ND 25-30°C Number of days with a maximmm temperature in the range of 25-30°C [Carbonnean et al. 1892}
1 April-31 Oclober)
MD = 30°C  MNumber of days with a maximmim temperatore =30FC [1 April-31 October] [Neethbng =t al. 2003)
Wi Growing Degres Day or Winkler Thermal Index; see Section 2.3, [Winkler =t al. 1574)
HI Helothermal Index or Huglin Index (1 April-30 September) see Seciion 2.3, (Hoglin 1578)
G5 Crowing season length (G5y—G8.4); the number of days betweesn [Buml =t al . HH2)
the start and end of the growing s=ason
G Chlmatologically defined end of the growing season; day followed by [Fuml &t al. H12)
a series of 5 sequential days with an average temperature below 10°C,
which are not followed by a sequence of 5 days with an aversge
temperature above 10°C
GSa Clhimatologically defined start of the growing season; day preceded [Jones & Davis 200)
by the frst coowrrence of 5 consecutive days with an average temperature
above 10°C, which are not followed by a sequence of 5 days
with an average tempembone below 10°0C
CMl Cool Might Index [1-30 September); avemge of minimum temperatures (Tonictto 199959)
DTR Diurnal temperature range (1 Auvgust-30 September); thermal amplitude  [Ramos et al. 200E)
during the ripening months
Bz Growing sexson total rainfall {1 Apel-31 October) [Buml et al. HH2)
W Mumber of wet days (1 April-31 October); the mumber of days [Fuml et al. HH2)
with precipitation =5 mm
| Deyness Index (1 April-30 September); see Section 2.3 [Tonietto & Carbonnean 2004 )
Frost indices
FFP Length of the frost-free period [LF-FF); the number of days befween [Ruml &£ al. H12)
the last spring frost and the Grst fall frost
EF Diaxter of the: first fall frost; the first fall day with temmperahre S0°C [Buml 4t al. HH2)
LF Diater of the: last spring frost; the last spring day with temperature <070 [Fuml &t al. HH2)

takes into consideration a commection factor related to
increasing daylight length towards higher latitudes
[Huglin 1978).

The I was developed specially for vineyard use
(Tonietto & Carbonnean 2004). The index character-
izes soil water reserves at the end of the growing sea-
son, taking into account initial soil moisture (Wy =
200 mm), monthly predpitation (P.), water loss
through transpiration (Ep) and evaporation (Eg) from
bare soil. Transpiration losses are defined by poten-
tial evaporation (PET) and the plant radiation absorp-
tion coeffident (a), while bare soil evaporation is
additionally driven by the number of days with effec-
tive soil evaporation.

2.4. Statistics
Statistical differences in the mean of a dependant

variable (ie. Bls) between the first period (1960-
18681) and the studied perod (1086-2015) were

investigated by independant i-test with a confidence
lewel of B5%._ The test was performed for each of the
1024 grid calls.

3. BESULTS AND DISCUSSION
3.1. Growing season indices

Mamow areas suitable for the production of high-
guality wines are often determined by growing sea-
son isotherms that vary from too cold {<12°C) to too
hot [>22°C) (Jones 2006). In the ER region, the mean
growing season temperature significantly inoeasad,
with a magnitude of up to 1.5°C in certain areas,
causing classification shifts (according to Jones) in
the majority of vineyard areas. In particular, in the
perod 1861-1080, grapes were mostly cultivated in
the ‘warm' areas of the ER (17 to 19°C), which shifted
to hot" (19 to 21°C) in the later period 1086-2015
{Fig. 2a,b,c). This increase in the mean growing
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Fig. & Average growing season mean temperature in Emilia-Romagna for the periods (a) 1961-1990 and (b)) 1986-2015.

(€] Differences between the 2 periods in average growing season mean temperature, where areas with statistically signifi-

cant (p < 0.05) differences are shown with hatched lines and a black border. [d) Elevation mean [central line), maximum and

minimum values [whiskers), and standard deviation (box) of areas within the same clas=ification group (s=e Table 51 in the
Supplement]; black: 1961-1950; red: 19862015

season temperature is likely to have an impact on
regional viticulture suitability and the production of
high-guality wines. For example, the reduction in
areas with 'warm’ tempermature, which is optimal for
Sangiovese, one of the main red cultivars in the ER,
may induce viticulturists to cultivate later ripening
grapevine varieties in order to adapt to the upcoming
warming conditions which are predicted for the
whaole of northern Italy (Ruml et al. 2013). Apart from
notable area redoction, zones with "warm' mean
growing season temperature shifted towards higher
elevations, with mean heights of 67 and 335 m in the
first (1961-1980) and second periods [1886-2015]),
respectively (Fig. 2d). In contrast, smaller elevation
shifts ware detected for zones with 'oold” and ‘inter-
mediate’ mean growing season temperatures. Zones
characterized by 'hot” mean growing season tem-
perature had approximately constant mean height
[Fig. 2d; sea Table 51 in the Supplement for classifi-
cation definitions).

Similarly to the mean temperature, the minimum
and maximum temperatures mostly increased in the
ER during the second studied period compared to the
first, which is supported by other studies |Antolini et

al. 201&) (see Figs. S1a,b & 52a,b in the Supplemeant).
Unlike the maximum and mean temperatures, how-
aver, the increasa in minimum temperature was not
significant over the entire ER, and certain small araas
aven showed a decrease (Fig. 2c. see Figs. 51c & 52c
in the Supplement). According to Tomozeiu et al
{2007), the maximum and minimum temperatures
will confinue to rise in foture decades, with the mini-
mum temperature increasing by 2°C during winter,
summer and fall, and the maximum temperature
increasing by 3 to 5°C during spring and summer by
the end of the 21st century under the A2 scenario.
The temperature rises caused spatial shifts of zones
characterized by particular temperatures towards the
south of the ER region, which is predominantly hilly
and mountainous. Additionally, as a direct conse-
guence of rising maximoum temperatures, the number
of days with a maximom temperature in the range of
25 to W*C diminished (results not shown), while
the number of days exceeding 30°C significantly in-
creased over the ER grape-growing zones and most
of the mountainous areas (Fig. 3} in the second perod
(1986-2015) compared to the first (1961-1900).
Thesa changes may affect plant photosynthesis and
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growth, since days with maximum temperatures in
the range of 25 to 30°C are optimal for grapevine
photosynthesis (Carbonnean at al 1882). On the
other hand, several days exceading 30°C can pro-
voke plant heat stress, premature véraison, berry
absdssion, reduced flavor development, and enzymea
activation (Mullins et al. 1902). Dunng the 21st cen-
tury, daily maximum temperature in the vegetative
period could even exceed 45%C, reaching the upper
temperature limit for photosynthesis (Greer & Wee-
don 2012}, and having a detrimental impact on barry
composition and yield.

The GDD values calculated using 2 methods (see
Section 2 for details) were not significantly different
for most of the ER area (see Fig. 53a,b in the Supple-
ment). Hence, the ‘standard’ GDD calculation method
(1 Aprl to 31 October) was suitable for displaying
thermal accumulation in the growing season. How-
ever, due to the higher temperatures, the climatologi-
cally defined growing season might start before 1
April and end after 31 October. Therefore, the ‘stan-
dard’ GDD calculation method might not be suitable
in the future and may need additional adjustments
(as presented in Method 2; see Saction 2.3) in order to
provide more accurate predictions of seasomal
thermal accumulation in the coming decades. Using
the standard method of calculation, a significant in-
crease in the GDD value was detected for the entire
region. The magnitwde of the inoeasa vaned from

B B

LA

Fig. 1. Average number of days with maximuom tesmpeern-
ture =>WPC during the growing sesson in Emilia-
Romagna for the periods (a) 1861-19%0 and (b) 1986-
2015. [c] Differences between the I periods in average
mumnber of days with a maximamm =JFC,
where areas with siatisti significant [p < 0.05] differ-
ences are shown with hatched lines and a black barder

<100 GDD units ("D} in some mountainous areas to
»350 GDD *D units in some central zones (Fig. 4c).

For the production of the high-quality wines, 1400 to
2000 GDD "D units are typically required, depending
om vine variety and environmental factors [(Gladstones
18492). The total area with optimal growing season
thermal accumulation (1400 to 2000 GDD °DY) for pro-
duction of the high-quality wines was approximately
constant in the ER during the 2 studied periods, despite
the spatial shifts of these areas in the second period
(1886-2015). In the center of the ER, some current
grape cultivation areas became ‘too hot' (= 2000 GDD
“D) while some areas in the south of the ER became cli-
matologically optimal for the production of high-qual-
ity wines [Fig. 4ab). According to the Winkler et al
{1974) classification (s2& Table 51 in the Supplement),
the majority of the current grape cultivation areas in
the ER wera characterized as "Region 2/Region 3' and
"Region 3 Region 4" during 1961-1000 and 1986-2015,
respectivaly, with spatial shifts oriented towards zones
with higher elevation and with the ccrurrence of "heat
islands’ in central zones (Fig. 4a,b). Areas characterized
as ‘Region 3" had the strongest shift towards higher al-
evabions, with mean heights of 41 and 271 m, in 1861-
1990 and 1986201 5, respectively. Zones characterized
as Regions 1 and 2" had a mean elevation difference in
the range of 150 to 204 m betwean the 2 pariods, while
the mean elevation shift of areas classified as 'Regiond”
was <10 m (Fig. 4d).
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growing Ermilia-Romagna
(GDOY) for the perods (@) 1961-19590 and (b) 19886-2015. |c) Differences betwesn the 2 periods in average GO, where areas
m&mﬂmﬂrngmﬁcmttp d:ﬂ.lk’.'fj differences are shown with hatched Bnes and a black border. [d) Elevation mean [oentral

lime), maximmam and

5], and standard deviation [box) of areas within the same classification group

determined bj' ‘Winkler [see T.uhl.e 51 in the Supplement); black: 1961-1590; red: 19862015

Displacement of the areas determined by the
Huglin (1878) classification (see Table 51 in the Sup-
plament) was orented towards higher elevations,
with the highest thermal accumulation detected in
the central and northern grape oultivation zones in
the second period (1986-2015) (see Fig. S4a,b in the
Supplement). The majority of the high-quality grape-
producng areas was dassified as 'temperate’warm
temperate” in the first parod (1861-1090). However,
these areas shifted to ‘warm temperatefwarm' in the
second period (1086-2015), due to a significant
increase in thermal accumulation (see Fig. 54a,b,cin
the Supplement). This increase in thermal accumula-
tion will likely continue in the future. It is predicted
that the whole of northern Italy, including the ER,
could be characterized as a “warm' (according to the
Huglin Index) grape-growing region in future
decades (2041-2070. Al1B scenario] (Fraga et al
2013). In general, the magnitude of these changes
will depend strongly on future anthropogenic carbon
emissions into the atmosphere. Higher temperatures
and consequently higher thermal accumolation
could lead to an earlier appearance of the phenolog-

ical stages (e.g. bud-breaking, fowering, véraison)
(Kartschall et al. 2015, Fraga et al. 2016, Buml et al
2016), in certain cases, a shorter ime between 2 phe-
nolegical stages (Fraga et al. 2016), and an earlier
harvest [Jones & Davis 2000, Bock et al. 2011). This
accelerated pace of phenological events and earlier
harvest in warmer conditions may hawve negative
impacts on berry composition and wine quality, e.qg.
changes in the sugarfacd ratio due to faster sugar
accumulation and acid degradation (Urhausen et al.
2011), and reduction of aromatic compounds
{Druchéne & Schneider 2005) and anthocyanins (Mori
et al. 2007). However, the negative effect of higher
temperatures will strongly depend on vineyard man-
agement and adaptation of grape vaneties to the
warmer conditions (van Leeuwen et al. 2013, Palliott
et al. 2014). However, it is possible that warming
could also positively influence wine quality (Jones et
al. 2005).

The dimatologically defined start, end, and length
of the growing season have a limited ability to pre-
dict the exact occurmence of phenolegical events for
certain grape vaneties in the ER. This is due to the
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wide diversity of grape vaneties planted in the ER
and the important influence of the 'cultivar” factor on
these predictions (de Cortdzar-Atauri ot al 2004).
However, the presented method could provide a
valuable insight into the general changes in the start-
ing and ending dates of the growing season for stud-
ies on a regional scale. Warming during the past
decades has induced an extension of the growing
season length in the ER, where areas with minimal
indispensable vegetative season length, roughly 170
to 180 d (Mullins et al. 1982), shifted towards the south
of the region to the non-traditional viicultural zones,
thereby, making them climatologically suitable for
the growing of early ripening grape vareties [sea
Fig. 55a,b in the Supplament). Howevar, changes
were not homogeneous, or statistically significant
owver the entire reqgion. The central ER areas, like the
hilly and mountainous areas, profited significantly in
growing season prolongation (=10 d). In the rest of the
ER, season length increase was not significant [sea
Fig. 55c in the Supplement). Growing season length
extension was affected more by an earlier start than
by a later end of the climatologically defined growing
season (see Fig. 55d,e in the Supplement).

Ower the entire ER region, the Cool Might Index
[CMI), related to the synthesis of anthocyanins in
grapes, was approximately constant in both studied
periods. It ranged from 10°C in mountainoos and
hilly areas to 15°C in zones close to urban areas, with
the majority of vineyard areas being undar the cool
night regime [see Table 51 in the Supplement). Sim-
ilar observations were reported in a recent study con-
ducted for the period 1850-2003 {Santos et al. 2013),
in which the authors detected CNI values in approx-
imately the same range (10 to 15°C) over the entira
ER area. Several studies (Kliewer 1977, Tonietio &
Carbonneau 1808) have reported a favorable effect
of night temperatures in an approximate range of 10
to 15°C on anthocyanin accumulation during the
rpening months. Therefore, the results obtained in
this study suggest optimal night conditions for red
and rosé wine production, which represents 55% of
the total ER wine production [FPollini et al. 2013). The
diurnal temperature range (DTH) during the ripening
months, an index mostly related to red wine quality
(Ramos et al 2008), increased in the second period
comparad to the first for most of the ER. However, the
changes were not necessarly significant (see
Fig. Seab,c in the Supplement). A significant in-
crease in DTR was detected in most of the ER high-
quality wine-producing zones, suggesting an effect
on red wine composition, which would be positive
only up to a certain limit (Hamos et al. 2008). An ax-

cessively large DTR, which may occur in future
decades due to the likely additional warming in the
ER (Tomozein et al. 2007, Fraga et al. 2013}, may also
have negative effects on wine quality.

Growing season precipitation in the perdod 1961-
1900 varied from approximataly 1000 mm in the
mountainous areas to below 400 mm in areas close to
the River Po Delta, while most of the vineyard areas
had precipitation in the range of 400 to 550 mm. In
the second pericd, an increase in precipitation was
detected in northeastern, certain central, and south-
westarn ER areas, while a reduction was detected for
the rest of the ER (Fig. 5a,b). However, a statistically
significant change was identified only in small sec-
tions of the northeastern area (Fig. 5c).

The changes in precipitation detected in the pres-
ent study were accompanied by a significant reduoc-
tion in wet days (precipitation >5 mm) in the small
sertions of the southeastern area, while a significant
increase was detected in sections of the small central
area and the area close to the River Po Delta (see
Fig. 57 in the Supplementf). Even though certain
areas in the ER had more precipitation in the second
studied period [1986—2015) (Fig. 5c), the entire ER and
northern Italy could see a decrease in predpitation,
with a magnitude of up to 100 mm in certain areas
(Ruml &t al. 2012}, by the end of the 21st century, sug-
gesting longer droughts and drer conditions.

Drier conditions (evaluated with the DI} were
detected in almost the entire ER during the second
pericd compared to the first (Fig. 6). This was the
case even in certain areas with increasad precipita-
tion (e.g. some parts of the central area), indicating
that, besides predcpitation, temperature also has a
noticeable effect on soil water availability in the ER
{Figs. 5c & br; see Fig. S2c in the Supplement). The
negative effect of the increasing temperatures on so1l
water availability could be due to higher soil evapo-
ration under warmer conditions (Alcamo et al. 2007).
As expected, significantly drier conditions were de-
tected in the areas that had less precipitation and the
highest warming in the second period compared to
the first [Figs. 5c & bc; see Fig. 52c in the Supple-
ment]. Even thoogh the majority of the wvineyard
areas were classified as humid/moederately dry’ in
both periods (Fig. 6a,b; see Table 51 in the Supple-
ment], the detected drer conditions suggest potential
challanges for the production of high-quality wines
in the ER during foture decades. This is due to the
possible ocourrence of ‘sub-humid' (see Table 51 in
the Supplement) conditions in some areas tradition-
ally cultivated with grapes. The possibility of drer
conditions in future decades is supported by a recent
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study (Fraga et al. 2013), in which certain areas in the
ER were classified as "sub-humid' during the period
2041-2070 under the A1B scenario. The detected
changes could drive viticulturists to implement irri-
gation systems, which are not traditionally used for
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grape cultivation in the ER, in order to mitigate the
consequences of warmer and drier conditions, such
as crop load reduction (Ramos & Martinez-Casas-
novas 2010) or higher sugar accumulation in berries
(Poni et al. 2007).
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3.1, Frostindices

The timing of frost occurrence, as well as the
length of the frost-free perod [FFF), may have a sig-
nificant influence on viticulture. For axample, spring
frost oocurrence after budburst could damage devel-
oping buds and decreasa crop load, while the ooour-
rence of fall frost before grape harvest could damage
maturing canes and berries (Ruml et al 2012). In our
study, a signifiant reduction in the length of the FFP
was detected in small sections of the southeastern
and northwestern cultivated areas, while it signifi-
cantly increased in small sections of the central and
northern viticultural areas of the ER (Fig. Fa—c). Tha
decrease in the length of the FFP in certain grape
cultivation areas was most likely doe to lower mini-
mum temperatures in those areas during the second
studied period (192B6-2015) compared to the frmst
[1961-1900) (Fig. 7c; s=e Fig. S1cin the Supplament).
Furthermore, positive or negative variations in the
FFP were causad by the different timing of both the
first fall frost (FF) and the last spring frost (LF). Aver-
age FF occurrence, depending on the area, varned
over the ER from late October to the beginning of
December in the peried 1861-1990 (data not shown).
In the second studied pericd (1986-2015), signifi-
canily earlier FF occurrence was detected in small
sections of the southeastern and southwestern oulti-

Fig. 7. Average frost-free period (FFF] duning the

growing season in Emilia-Romagna for the perods (a)

1961-1980 and (b} 1886—HH1 5. [c) Differences between

the 2 perinds in avernge FFP, where areas with statisti-

cally significant [p < 0.05) differences are shown with
hatched Bnes and a black border

vated areas, while delayed timing of FF was detected
in small sactions of the central and northern areas of
the ER |see Fig. 58a in the Supplement). Average LF
occurrence over the entire ER ranged from early
March tolate April in the parod 1961-1290 (data not
shown), with significantly earlier timing during the
sacond period (1886-2015) in small areas spread
over the ER and significantly later LF timing in small
sertions of the northwestern and northern areas (see
Fig. 58b in the Supplement].

4. CONCLUSIONS

The findings of the present study highlight the
changes in dimate related to the viticultural suitabdl-
ity of the ER region during 2 periods, 1861-1990 and
1586-2015. Detected changes in the growing season
temperatures and Bl may affect suitability for the
production of high-guality wine in the ER, which
could become too hot' for this purpose. Negative
impacts of increasing temperatures on wine produoc-
tion could be mitigated by planting later npening
grape vareties, compared to those currently present
in the ER, or by establishing new vineyard areas at
higher alevations. Also, the study results suggest
that warmer and drer conditions in the last 30 yr
[1886-2015) have decreased soil water availability,
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which is important for grapevine development in
certain areas of the ER. This implies the need for an
updated strategy for the future implementation of
irrigation systems in vineyards. Furthermore, the
obtained results suggest that wine production expan-
gion in the ER will depend greatly upon upcoming
climatic changes. Thus, there is a need for further
studies based on the assessment of BI for future
demades, computed from climate model output data
under different C0O; emission scenarios.
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Climate change and sustamakbality are tero major elements of the ongoing miernational
vitrimenlture worldwide scenarios. When dealing with sustainability m the wine
sector, it 15 essential to bear m mund that it mmst be camed out on the basis of four
fundamenta]l pillars: environmental, social (safety and food hygens), cultural and
economic (resohufion OV CST 1/2004). Sustainable winegrowing 1= a comprehensive
set of practices that are emvironmentally sound, secially equitable and economically
viable. Thas apphes to the whole producthon and processme chain, from grapes to grape
As a very sumphification, the chmate change is mamly due fo OO0 emission that is
driven by the economic growth. The noticeable effects of climate change are dry and
hot perieds, high evaporation, unexpected beavy ramnfall and generally unfavorable
distnbufion of precipitation. In particular, the release of C0; and other gases has
increased the average temperature worldwide, and an merease of 1.0-5.0°C in the mean
temperature 15 expected depending on the location It 15 noteworthy that an increass of
1.0-2.5°C 1n average temperatore can advance the grape phenclogical phases of about
6 to 22 days. However, as the grapevine developmental stages are regulated by
temperature. the varions parts of the grape berry do not neceszanly mature at the same
rhythm From the prachical point of view, the ccouwrence of warmer weather advances
the technological matwity of grapes (Le. grapes will become sweeter earlier) which
cause 2 npeness Imbalance with the phenolic matunty (Le. the seeds and skins npen
slower). Purther practical implication related to climate change includes:
- Earher phenology (plant prowth events)
- Altered ripening profiles, wine styles:
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Decrease m the total acudity confent (of early-npeming vanetes), mirogen,
primary aroma (atypical agemg), and anthocyamns (7)

Diecrease protection from oxdation (S0; less active), atypical ageing;
Increase 1n potassium and sugar confent of grapes, 1.e. potental alechel of
WIS

Increase the nregularity of the yields;

Altered/new disease’pest timing and seventy (e.g. Botryhs, Peronospora)
Changes m soal ferfility and erosion (orgamc matter).

What are the consequences of climate change on wime produchon and
consumption?

Howr will change the peography of wine production?

To what extent can orgamc, biodynamic and natural wines be an alternative
approach?

At local level, there 1s 2 need o consider the most appropriate short- and long-term
adaptation strategy, the former meludes:

Uze of ummpe grapes harvested dunmg cluster thinming;

Techmiques to increase wine acidity and decrease pH (e.z. new yeasts, resins);
Organic wine (Reg EU No. 203/2012") and biodynamic manapement with
spontanecus fermentation;

Parhial dealcoholization of wines: “sweet spot’ appros. 2% viv.

“The European Begulation on organic wines spply restriction on some physical techmiques (2.2
Cation exchangers Partial dealcobolisation and Electrodiatyses) and additives (e.z malic acid).

Follownng the mam results found m case studies of Eoulia-Romagna regon (Tialy):

Chmate change m the whculture appellation areas of the Emvha-Romagna
region in the penods 1961-2015 showed (1) mereased mumber of days with
o temperature exceeding 30°C, which can induce plant stress; (i) shaft
of the majonty grape producing zones from the “temperate/warm temperate”™ to
the “warm temperatewarm™ (according to Huglin classification); (v) decreased
soil water avalabihity necessary for grapevine development (Teshe et al
2017y

Matwally occwrmg aleohol content in Sangiovese red wimes showed a
sipnificant increasmy trend with 0.07 % (viv)fvear and 0.83 % (v/v) over a 12-
vyear period (2001-2012). Dry Spell Index (DSI) - the number of days with <1
mm of precipitation dunng the grape-growing season - showed hopgh

2
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relationship with potential aleohol (adjusted B* =0.81) suggesting a large
conmbuhon of caleulated chmate vanables as a dover of increasing potential
alechol confent mn red wines from the Romagna Sangmovese appellation area
(Teshé et al 2016);

The effects of beodynamic production prachces on composifion and sensory
atimbutes of Sangiovese wines were examined for 2 vears (2009 and 2010} ma
vineyard that was converted from ocrgamie (ORG) to biodyname (BDN)
viticulture. During the first year (2009, the BDN wines were characterized by
low alechol strempth, colowr mtemsity, total polyphencls, monomeric
anthoeyanins and catechin. Conversely, the second vear BDN wines differed
from the crganic wines m terms of total polyphenols and phenolic compounds,
including polymeric pigments, co-plpmentation, fanmns and ron-reactive
polyphencls (Parpinello ef al. 2015},
Alﬂmghﬂnyaasrpqmlahm:smns&ynﬂatadtuﬂmgnpemmgmnutLe
wmalmgmss,auﬂ.ﬂmnbyﬂmgnpemmg&mt@amgnamﬂi
2017).
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CHAPTER 3

Predictions of climate change in the Emilia-Romagna’s DOP
appellation areas until the end of the 21% century

38|Page



3 Predictions of climate change in the Emilia-Romagna’s DOP appellation
areas until the end of the 21* century

3.1 Introduction

Vitis vinifera is perennial plant allowing commercial exploitation during at least couple of decades
(Lereboullet et al., 2014), thus a long-term strategy needs to be applied to maximize commercial
exploitation of planted vineyards. Therefore, climate change predictions are a valuable tool for
development of long-term strategies (e.g. planting new cultivar). A recent study evaluated the importance
of climate predictions for long-term decision making by examining 156 Australian
vinegrowers/winemakers through the online survey (Dunn et al., 2015). Results indicated that 42% of
participants consider information related to climate predictions ‘very much’ useful to determine their
long-term strategies while 35% of participants consider this information ‘somewhat’ useful. Furthermore,
48% of participants indicated that climate predictions in the 6-10 year’s timeframe would help to develop
long-term strategies while 73% of participants indicated that future climate information in timeframe 6—
20 years may be useful to decide grape variety. Apart from timeframe, spatial scale and climate data
resolution are playing important role in decision making. Dunn et al. reported that ~85% of participants
consider that climate prediction information at ‘somewhat local’ (e.g. averaged over specific locality) are
useful in long-term decision making.

It is well known that global warming is caused by human activities (Fig. 1.1), related to the emission of
greenhouse gases, aerosols and their precursors into the atmosphere. Thus, climate change prediction will
strongly depend on the concentration of these compounds (whether already present or emitted afterwards)
in the atmosphere during future decades and centuries. In that regard, in the Fifth Assessment Report
(ARS5), Intergovernmental Panel of Climate Change (IPPC) introduced 4 new climate scenarios called
Representative Concentration Pathways (RCP), RCP 2.6, RCP 4.5, RCP 6 and RCP 8.5 (Stocker et al.,
2013). RCP scenarios are estimating the global warming according to trajectories of air greenhouses gases
concentration (e.g. CO,, CH,4, N,O etc.), aerosols and their precursors, which concentration will depend
on the socio-economic development of human society. Concentration of air CO, (not the only greenhouse
gas, however the most relevant) during the pre-industrial era was ~280 ppm while a current concentration
of air CO, is ~400 ppm. Whereas, according to RCP scenarios until the end of the 21* century air CO,
concentration will reach ~420 ppm, ~540 ppm, ~670 ppm and ~940 ppm according to RCP 2.6, RCP 4.5,
RCP 6 and RCP 8.5, respectively (Stocker et al., 2013). Combined with other greenhouse gases, aerosols
and their precursors, equivalent of air CO, concentration will be even higher until the end of the 21%
century (Fig. 3.1), which could cause increase of global temperature from 1-4°C, depending on RCP
scenario (Fig. 3.2).

39|Page



Atmospheric Greenhouse Gas Concentrations Trajectories

1400 -

£
& RCP 8.5
E 1200 A
©
2
S 1000 -
o}
[}
o°
'g 800 - RCP 6.0
= RCP 4.5
_g 600 -
©
O RCP 2.6
400 A
200 T T T T \
2000 2020 2040 2060 2080 2100

Year

Figure 3.1 Air concentrations of greenhouse gases (e.g. CO, CH4 N,O etc.), aerosols and their
precursors until the end of the 21st century according to RCP scenarios presented as the equivalent of air
CO, concentration (modified from https://19january2017snapshot.epa.gov/climate-change-science/future-
climate-change_.html).

For climatological studies often used RCP scenarios are 4.5 and 8.5 (Fraga et al., 2015; Lee et al., 2015;
Shope et al., 2016). RCP 4.5 is assuming that radiative forcing (difference between energy absorbed by
the Earth and energy radiated back to space, in other words global warming) will be stabilized by the end
of the 21* century, while RCP 8.5 represents the worst-case RCP scenario assuming that radiative forcing
will continue to increase even after the 21% century (Fig. 3.1; Fig. 3.2).
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Figure 3.2 Average global surface temperature change until the 21st century according to RPCs scenarios
(modified from Stocker et al., 2013).

Thus, evaluation of climate predictions at local spatial scale (11 x 11km) during the periods 2018-2027
and 2011-2040, under RCP 4.5 and RCP 8.5 scenarios, in the Emilia-Romagna DOP appellation areas
may help local viticulturists and winemakers to develop long-term strategies. Additionally, the period
2071-2100 was studied as well.
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3.2 Materials and Methods

3.2.1 Study region, model data and bioclimatic indices

Study region is the entire Emilia-Romagna with DOP areas (see 2.2.1). Mathematical definitions same as
classifications of used Bls in the present study are presented in Table 2.1. Daily minimum temperatures,
maximum temperatures and precipitation climate data were obtained from ‘Coordinated Regional Climate
Downscaling Experiment’ (CORDEX) project (http://cordex.org/). The core of CORDEX project
presents an ensemble of Regional Climate Models (RCM) obtained with empirical statistical downscaling
from Global Climate Models, which are made for two Representative Concentration Pathways scenarios
(RCP 4.5 and RCP 8.5). Used climatological data for past period (1961-1990, as the standard
climatological period) and future periods (2018-2027, 2011-2040 and 2071-2100) are in local spatial
scale ~11 x 11km. Whereas, Bls for the past were calculated with historical data while Bls for the future
were calculated from 9 RCM (Table 3.1). The bias of RCM data used for Bls calculation was corrected
and adjusted according to http://cordex.org/data-access/bias-adjusted-rcm-data/. Prior to calculation
climate data were spatially interpolated to 5 x 5 km local scale to 1024 grid cells.

Table 3.1 List of all Global Climate Model/ Region Climate Model chains used in present study.

GCM RCM

CNRM-CERFACS-CNRM-CM5 CCLM4-8-17
ICHEC-EC-EARTH CCLM4-8-17
MOHC-HadGEM2-ES CCLM4-8-17
MPI-M-MPI-ESM-LR CCLM4-8-17
ICHEC-EC-EARTH HIRHAMS
ICHEC-EC-EARTH RACMO22E
MOHC-HadGEM2-ES RACMO22E
MPI-M-MPI-ESM-LR REMO2009
MPI-M-MPI-ESM-LR REMO2009

3.2.2 Statistical analysis

Student t-test with 95% confidence level was applied to evaluate statistical differences in mean of a
dependent variable (e.g. BI) for each grid cell between the standard period (1961-1990) and other studied
periods (2018-2027, 2011-2040 and 2071-2100). Statistical test is run on one model (e.g. MPI-M-MPI-
ESM-LR/CCLM4-8-17), one RCP scenario (e.g. RCP 4.5) and one studied period (e.g. 1961-1990 vs
2011-2040) each time. If =5 models (9 in total) are statistically significant according to Student t-test in
the same grid cell for the same period (e.g. 1961-1990 vs 2011-2040), same Bl (e.g. HI) under same
scenario (e.g. RCP 4.5), those areas are marked as dotted on the figures. In other words, differences of >5
models are greater than ‘natural’ climatological variability or ensemble of models give statistically
significant change.
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3.3 Results and Discussion

Growing season mean temperature (Tnean), as it was discussed in Chapter 2 (see 2.3) during the period
1961-1990 was mainly characterized as ‘warm’ (for classification definition see Table 2.1) for most of
the DOP zones in the ER (Fig. 3.3). Comparing to the period 1961-1990, T, could significantly
increase for the all other studied periods (2018-2027, 2011-2040 and 2071-2100) under both RCP
scenarios (4.5 and 8.5) (Fig. 3.4a; Fig. 3.4b; Fig. 3.4c; Fig. 3.5a; Fig. 3.5b; Fig. 3.5¢c). Due to
temperature potential increase, most DOP zones in the ER may be characterized as ‘hot’ during periods
2018-2027 and 20112040 for both scenarios RCP 4.5 and RCP 8.5 (Fig. 3.4a; Fig. 3.4b; Fig 3.5a; Fig
3.5b). A recent study reported that the majority of DOP zones in the ER were characterized as ‘hot’
during the period 1986-2015 (Tesli¢ et al., 2017). Thus, results from the present study are suggesting that
Tmean May increase slightly until 2040 comparing to current conditions, under both RCP scenarios.
According to RCP 4.5 scenario during the period 2071-2100 certain central and northeastern DOP areas
of the ER may be characterized as ‘very hot” while the rest of DOP areas may be characterized as ‘hot’,
conditions which may be suitable for production of high-quality grapes/wines, however adjustments
would be necessary (e.g. new grape varieties) (Fig. 3.4c). On the other hand, according to RCP 8.5
scenario many DOP areas in the ER may be characterized as ‘too hot’, conditions in which production of
high-quality grapes/wines with current technology and varieties would be questionable (Fig. 3.5c).
Obtained results are suggesting that the ER may be suitable for the production of high-grapes/wines at
least until 2040, whereas further suitability will depend on factors related to wine industry development
(vine adaptation on warmer conditions, technology development) and external factors (reduction of
greenhouse emissions into the atmosphere).
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Figure 3.3 Average growing season mean temperature for the period 1961-1990 in the Emilia-Romagna,
calculated with historical data previously described in Chapter 2 (see 2.2.2).
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Figure 3.4 Growing season mean temperature in the Emilia-Romagna for the periods a) 2018-2027 b)

2011-2040 and c) 2071-2100, calculated as median of 9 models under RCP 4.5 scenario. Dotted areas are
statistically significant (p < 0.05) according to t-test.
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Figure 3.5 Growing season mean temperature in the Emilia-Romagna for the periods a) 2018-2027 b)

2011-2040 and c) 2071-2100 calculated as median of 9 models under RCP 8.5 scenario. Dotted areas are
statistically significant (p < 0.05) according to t-test.
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Comparing to the period 1961-1990 potential temperature increase could cause decrease number of days
with maximum temperature in the range 25-30 °C (ND 25-30°C) during the studied periods 2018-2027
(data not shown) and 2011-2040, under both RCP scenarios (RCP 4.5 [data not shown] and RCP 8.5) in
the entire ER (Fig. 3.6a; Fig. 3.7a).
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Figure 3.6 Average number of days with a) maximum temperature in the range 25-30°C b) maximum
temperature >30°C, in the Emilia-Romagna during the period 1961-1990, calculated with historical data
previously described in Chapter 2 (see 2.2.2).

Obtained results are also suggesting that differences in ND 25-30°C could be minor between 1961-1990
vs 2018-2027 and 1961-1990 vs 2011-2040 under same RCP scenario (e.g. RCP 4.5), similar as
differences between same period (e.g. 1961-1990 vs 2011-2040) under RCP 4.5 and RCP 8.5 scenarios
(data not shown). Potential decrease of ND 25-30°C could have a negative impact on grape quality as it
was previously described in Chapter 2 (see 2.3). Interestingly, ND 25-30°C in the ER during the period
1961-1990 vs 2071-2100 under both RCP scenarios increased comparing to e.g. period 1961-1990 vs
2011-2040 under RCP 8.5 scenario (Fig. 3.7a; Fig. 3.7b; Fig. 3.7¢). In some mountain areas of the ER
ND 25-30°C during e.g. 2071-2100 RCP 8.5 scenario, could be higher even that during 1961-1990 (Fig.
3.7b).
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Figure 3.7 Difference in number of days during growing season with maximum temperature in the range
25-30°C between periods a) 1961-1990 vs 2011-2040 under RCP 8.5 scenario b) 1961-1990 vs 2071
2100 under RCP 8.5 scenario ¢) 1961-1990 vs 2071-2100 under RCP 4.5 scenario, in the Emilia-
Romagna calculated as median of 9 models. Dotted areas are statistically significant (p < 0.05) according
to t-test.
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Figure 3.8 Difference in number of days during growing season with maximum temperature above 30°C
between periods a) 1961-1990 vs 2011-2040 under RCP 8.5 scenario b) 1961-1990 vs 2071-2100 under
RCP 8.5 scenario ¢) 1961-1990 vs 2071-2100 under RCP 4.5 scenario, in the Emilia-Romagna calculated
as median of 9 models. Dotted areas are statistically significant (p < 0.05) according to t-test
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In comparison with the period 1961-1990, number of days with maximum temperature above 30°C
during growing season (ND > 30°C) could significantly increase over entire ER region in all studied
periods (2018-2027 [data not shown], 2011-2041 and 2071-2100) under both RCP scenarios (Fig. 3.6b;
Fig. 3.8a; Fig. 3.8b; Fig 3.8c), which could negatively influence the grape quality (see 2.3). While in the
closer future ND > 30°C in the ER according to RCP scenarios doesn’t differ to a large extent (e.g.
differences between 1961-1990 vs 2011-2040 under RCP 4.5 and 1961-1990 vs 2011-2040 under RCP
8.5), until the end of the 21* century ND > 30°C will be notably higher during the period 20712100
under RCP 8.5 scenario comparing to the period 2071-2100 under RCP 4.5 scenario (Fig 3.8b; Fig 3.8¢),
suggesting that development of wine industry will also depend on external factors (reduction of
greenhouse emissions into atmosphere).

Night temperatures over many DOP zones in the ER during the period 1961-1990 (Fig 3.9) same as
during the period 19862015 (Table 2.2) were characterized as ‘cool nights’ (for classification definition
see Table 2.1).
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Figure 3.9 Average Cool Night Index for the period 1961-1990 in the Emilia-Romagna, calculated with
historical data previously described in Chapter 2 (see 2.2.2).

However due to potential temperature increase during the following decades (2018-2027 [data not
shown] and 2011-2041) according to both RCP scenarios (RCP 4.5 [data not shown] and RCP 8.5) night
temperatures could be characterized ‘temperate nights’ over many DOP zones in the ER (Fig. 3.10a).
Until the end of the 21* century night temperatures could be even characterized even as “warm nights’ in
certain DOP zones which will depend whether RCP 8.5 or RCP 4.5 scenario occur in the future (Fig.
3.10b; Fig. 3.10c). Therefore, results are suggesting that in certain DOP zones night temperatures might
exceed by far optimal conditions for anthocyanins synthesis which is in the range 10-15°(Kliewer, 1977;
Tonietto and Carbonneau, 1998). Thus, production of red grape varieties in those areas would be
guestionable.
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Figure 3.10 Cool Night Index in the Emilia-Romagna for the periods a) 2011-2040 under RCP 8.5
scenario b) 2071-2100 under RCP 8.5 scenario and ¢) 2071-2100 under RCP 4.5 scenario, calculated as
median of 9 models. Dotted areas are statistically significant (p < 0.05) according to t-test.
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According to Huglin classification (for classification definition see Table 2.1) most DOP zones in the ER
were characterized as ‘temperate/warm temperate’ during the period 1961-1990 (Fig. 3.11). However,
due to a temperature increase during the period 19862015 majority of DOP zones were characterized as
‘temperate warm/warm’ (Tesli¢ et al., 2017).

Obtained results from present study are suggesting that according to both RCP (RCP 4.5 [data not shown]
and RCP 8.5) scenarios until the 2040 (periods 2018-2027 [data not shown] and 2011-2040) the majority
of DOP zones may be still characterized as ‘temperate warm/warm’ (Fig 3.12a). Thus, strictly according
to Huglin classification the ER would be suitable for cultivation of high-quality grapes until 2040.
However, according to both RCP scenarios until the end of the 21* century many DOP zones will be
characterized as ‘warm’ (Fig. 3.12b; Fig. 3.12c). Therefore, according to Huglin classification,
implementation of certain adjustments (planting new grape varieties) would be necessary to produce high-
quality grapes in the DOP zones of the ER, if even possible, especially in case of RCP 8.5 scenario.
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Figure 3.11 Average Huglin Index for the period 1961-1990 in the Emilia-Romagna, calculated with
historical data previously described in Chapter 2 (see 2.2.2).
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Figure 3.12 Huglin Index in the Emilia-Romagna for the periods a) 2011-2040 under RCP 8.5 scenario
b) 2071-2100 under RCP 8.5 scenario and ¢) 2071-2100 under RCP 4.5 scenario, calculated as median of
9 models. Dotted areas are statistically significant (p < 0.05) according to t-test.
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Due to temperature rising growing season thermal accumulation expressed as Growing Degree Day
(GDD), increased significantly during the studied periods 2018-2027 (data not shown) and 2011-2040
comparing to the period 1961-1990 (Fig. 3.13; Fig. 3.14a). Increase of GDD occurred according to both
RCP scenarios (RCP 4.5 [data not shown] and RCP 8.5). Similarly to HI, warming resulted in
classifications shifts of DOP zones, whereas during the period 1961-1990 the majority of DOP zones in
the ER were characterized as ‘Region 2/Region 3’ according to Winker classification (for classification
definition see Table 2.1) while during the studied periods 2018-2027 and 2011-2040 (under both RCP
scenarios) those zones were characterized as ‘Region 3/Region 4°. Furthermore, a recent study reported
that DOP zones in the ER were characterized as ‘Region 3/Region 4’ during the 1986-2015 (Tesli¢ et al.,
2017), suggesting that only slight warming could occur until 2040 comparing to nowadays conditions.
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Figure 3.13 Average Growing Degree Day Index for the period 1961-1990 in the Emilia-Romagna,
calculated with historical data previously described in Chapter 2 (see 2.2.2).
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Figure 3.14 Growing Degree Day Index in the Emilia-Romagna for the periods a) 2011-2040 under RCP

8.5 scenario b) 2071-2100 under RCP 8.5 scenario and ¢) 2071-2100 under RCP 4.5 scenario, calculated
as median of 9 models. Dotted areas are statistically significant (p < 0.05) according to t-test.

53|Page



However, further warming towards the end of the 21* century (2071-2100) will cause that many DOP
zones in the ER is going to be classified as ‘Region 4/Region 5’ if RCP 4.5 scenario occur or even
‘Region 5/Too hot’ if RCP 8.5 scenario occur (Fig. 3.14b; Fig. 3.14c). Thus, high-quality grape
production will be questionable, especially in the case of RCP 8.5 scenario.

During the period 1961-1990 in the ER, growing season precipitation varied from approximately 400 to
550 mm in most of the vineyard area (Fig. 3.15).
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Figure 3.15 Total precipitation for the period 1961-1990 in the Emilia-Romagna, calculated with
historical data previously described in Chapter 2 (see 2.2.2).

According to RCP 4.5 scenario total precipitation could decrease in the majority of DOP vineyard zones
during the all studied periods (2018-2027, 2011-2040 and 2071-2100) comparing to the period 1961—
1990 (Fig. 3.16a; Fig. 3.16b; Fig. 3.16c). While, in certain central and northwestern vineyard areas, same
as areas of Po River Delta could increase during the 2018-2027 and 2011-2040 (Fig. 3.16a; Fig. 3.16b).
Interestingly, according to RCP 8.5 scenario noticeably larger surface of DOP zones could have more
growing season total precipitation during the periods 2018-2027 and 2011-2040 comparing to the same
periods according to RCP 4.5 scenario (Fig. 3.16a; Fig. 3.16b; Fig. 3.17a; Fig. 3.17b). On the other
hand, during the period 2071-2100 growing season total precipitation could be noticeably lower in the
most of DOP zones according to RCP 8.5 scenario comparing to the same period under RCP 4.5 (Fig.
3.16c; Fig. 3.17c¢).
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Figure 3.16 Relative difference in total precipitation during growing season between periods a) 1961—
1990 vs 2018-2027 b) 1961-1990 vs 2011-2040 c) 1961-1990 vs 2071-2100, under RCP 4.5 scenario in
the Emilia-Romagna calculated as median of 9 models. Dotted areas are statistically significant (p < 0.05)
according to t-test.
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Figure 3.17 Relative difference in total precipitation during growing season between periods a) 1961—
1990 vs 2018-2027 b) 1961-1990 vs 2011-2040 c) 1961-1990 vs 2071-2100, under RCP 8.5 scenario in
the Emilia-Romagna calculated as median of 9 models. Dotted areas are statistically significant (p < 0.05)
according to t-test.

56|Page



Dry Spell Index (DSI) which was related to increase of grape sugar concentration in Sangiovese wines
from ‘Romagna Sangiovese’ appellation area (see 4.2.2.2) could significantly increase during the all
studied periods (2018-2027 [data not shown], 2011-2040 [data not shown] and 2071-2100) under both
RCP scenarios (Fig. 3.19a; Fig. 3.19b) comparing to the period 1961-1990. The potential increase of
DSI could be up to 5 days in most DOP zones during 2018-2027 and 2011-2040 under both RCP
scenarios (data not shown). In certain DOP zones DSI could increase up to 10 days during the period
2071-2100 under RCP 4.5 scenario, or even up to 15 days during the same period under RCP 8.5 scenario
(Fig. 3.19a; Fig. 3.19b). Thus, obtained results are suggesting that grape sugar concentration might be
even higher in the future decades. Normally, grape sugar concentration positively is related to increase
DSl up to a certain limit, whereas too long drought periods could have a negative impact on grape quality
(if not irrigated).
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Figure 3.18 Dry Spell Index for the period 1961-1990 in the Emilia-Romagna, calculated with historical
data previously described in Chapter 2 (see 2.2.2).
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Figure 3.19 Difference in Dry Spell Index during growing season between periods a) 1961-1990 vs
2071- 2100 under RCP 4.5 scenario b) 1961-1990 vs 2071-2100 under RCP 8.5 scenario, in the Emilia-
Romagna calculated as median of 9 models. Dotted areas are statistically significant (p < 0.05) according

to t-test.
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Water availability to vines during the growing season, expressed as Dryness Index (DI) could decrease in
the ER during the periods 2018-2027 (data not shown) and 20112040 according to both RCP scenarios
(RCP 4.5 [data not shown] and RCP 8.5) comparing to the period 1961-1991(Fig. 3.21; Fig. 3.22a).

Similar results were reported in a recent study whereas DI decreased during the period 19862015
comparing to the period 1961-1991 (Tesli¢ et al., 2017). However, even if potential decrease is possible,
until 2040 most DOP zones in the ER should be characterized as ‘humid/moderately dry’ (for
classification definition see Table 2.1) under both RCP scenarios (RCP 4.5 - data not shown) (Fig.
3.21a).

45.2N

45N

44.8N

44.6N

44.4N

442N

44N

43.8N

43.6N . v v T v . .
9E 9.5€ 10E 10.5€ 11E 11.5€ 12E 12.5€ 13E

Figure 3.20 Dryness Index for the period 1961-1990 in the Emilia-Romagna, calculated with historical
data previously described in Chapter 2 (see 2.2.2).

In this view, the ER should be suitable for production of high-quality grapes/wines until 2040. On the
other hand, towards the end of the 21% century, due to precipitation decrease and temperature increase
during the period 2071-2100 (Fig. 3.4c; Fig. 3.5¢c; Fig. 3.16¢; Fig. 3.17c), certain DOP zones in the ER
could be characterized as ‘sub-humid’ according to RCP 4.5 scenario (Fig. 3.21c). While during the same
period (2071-2100) and according to RCP 8.5 scenario most DOP zones in the ER could be characterized
as ‘sub-humid’ (Fig. 3.21b). Obtained results are suggesting that those zones could potentially need an
implementation of irrigation systems.
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Figure 3.21 Difference in Dryness Index during growing season between periods a) 1961-1990 vs 2011-
2040 under RCP 8.5 scenario b) 1961-1990 vs 2071- 2100 under RCP 8.5 scenario ¢) 1961-1990 vs
2071-2100 under RCP 4.5 scenario, in the Emilia-Romagna calculated as median of 9 models. Dotted
areas are statistically significant (p < 0.05) according to t-test.
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3.4 Conclusions

Results obtained in the present study are suggesting that weather conditions until 2040 in the DOP zones
of the ER could be suitable for production of high-quality grapes. Whereas, comparing to nowadays
weather conditions could be slightly hotter and dried under both RCP scenarios (RCP 4.5 and RCP 8.5).
However, towards the end of the 21* century, certain DOP zones in the ER could become too hot and
noticeably drier, whereas production of high-quality grapes with current technology and grape varieties
could be questionable, particularly under RCP 8.5 scenario.
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CHAPTER 4

Influence of climate change on grape quality and quantity
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4 Influence of climate change on grape quality and quantity

Teslié¢, N., Zinzani, G., Parpinello, G.P., Versari, A. 2018. Climate change trends, grape production, and potential
alcohol concentration in wine from the “Romagna Sangiovese” appellation area (Italy). Theoretical and Applied
Climatology 131, 793-803

4.1 Introduction

Wine industry (from production aspect) could roughly be divided into grape production and wine
production, whereas the influence of climate change is more directly related to grape production. On the
other hand, even though wine production can be directly influenced by climate change (e.g. higher energy
utilization for cooling systems), it is mostly indirectly affected through utilization of grapes. Thus, to fully
understand the influence of climate change on wine industry it is required to find links between plant
development and climatic factors.

4.1.1 Grape phenology

During the vegetative and reproductive cycles, Vitis vinifera undergoes diverse physiological and
morphological changes. In the vine reproductive cycles, which are separated by dormancy period, there
are four principal phenological stages: bud burst, flowering, véraison and maturity. The length and
timing of each individual stage are determined by climatic and non-climatic factors. The most important
climatic factor is air temperature (Malheiro et al., 2013) and certain temperature derived factors, such as
thermal accumulation (Urhausen et al., 2011). While other climatic factors as precipitation and sunshine
duration have often lesser influence on phenological stages (Tomasi et al., 2011; Urhausen et al., 2013).
From the non-climatic factors, grape variety has a key role in vine development and length of
phenological stages (de Cortazar-Atauri et al., 2009; Jones and Davis, 2000; Tomasi et al., 2011).

Bud break represents the beginning of growth cycle (de Cortazar-Atauri et al., 2009), which depending
on vineyard location and variety occurs from February to April in the Northern Hemisphere (Malheiro et
al., 2013; Urhausen et al., 2011) or from August to October in the Southern Hemisphere (Hall et al.,
2016). Growth cycle or bud burst period starts with bud swelling (0 BBCH scale; for BBCH scale see
Appendix D) and continues with gradual bud development, advances with full bud burst (green shoot tips
are clearly visible on 50 % of buds, 8 BBCH scale) and last until the forming of the first leaves (11
BBCH scale). In literature, for easier comparison between different wine regions, it is often assumed and
adopted that period of a few successive days with daily temperature of 10°C presents a minimum
threshold required for bud burst initiation (Winkler et al., 1974), however minimum threshold is strongly
determined by variety (de Cortazar-Atauri et al., 2009). Anyhow, air temperature or temperature
derived factors (e.g. thermal accumulation) have a key role in bud burst initiation, thus warming and
climate change could influence the beginning of growth cycle to a great extent. In fact, Urhausen et al.
(2011) investigated phenology of cv. Riesling in Luxembourg during the period 1951-2005, and reported
earlier bud burst occurrence under warmer conditions by two weeks. Another study investigated
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phenology of several autochthonous grape varieties in Portuguese wine region during the 20 years period,
and detected bud break precocity under higher temperatures by a week. However, earlier bud break was
reported for only one grape variety, which suggested the importance of grape variety on the final outcome
(Malheiro et al., 2013). In certain cases, a significant warming period doesn’t necessary involves earlier
bud burst dates which was confirmed in Italian wine region Veneto. Whereas significant growing season
temperature increases (2.3°C) were reported during the long-term period (1964-2009), however without
earlier significant bud burst occurrence for all 18 varieties (Tomasi et al., 2011). Further anticipation of
bud burst timing under warmer conditions is also expected in the future decades (2041-2070), whereas
depending on location, bud burst could occur up to 30 days earlier (Fraga et al., 2016).

The period between bud burst and flowering (09-52 BBCH scale) are followed with accelerated
expansion of leaf area. Apart from an earlier occurrence of phenological stages, even period between two
events (e.g. bud burst to flowering) could be shorter as it was reported in Italian wine region (Tomasi et
al., 2011). Flowering period is the second phenological stage of vine reproductive cycle that starts with
first clearly visible inflorescences (53 BBCH scale), advances with full flowering stage (50% of fallen
flowerhoods; 65 BBCH scale) and finishes few days prior to fruit set (69 BBCH scale). In the Northern
Hemisphere, full blooming occurs from the middle of May to the end of June (Jones and Davis, 2000;
Ramos et al., 2015; Tomasi et al., 2011), while in the Southern Hemisphere from the middle of October
to the middle of December (Fraga, 2014). Similarly to bud burst, air temperature has a paramount impact
on triggering of full flowering. In particular, in Germany during long-term period (1968—2010), maximum
air temperature increase (1°C) resulted in an advance of full flowering dates for approximately 6 days
(Bock et al., 2011). Advancing of flowering timing in the magnitude of 23 days was also reported in
France during the second half of the 20™ century (Duchéne and Schneider, 2005), indicating a further
earlier occurrence of blooming in the future decades, which was suggested by other study as well (Fraga
etal., 2016).

Weeks after full blooming (65 BBCH scale) and prior to full véraison (83 BBCH scale) are characterized
by falling of remaining flowerhoods, fruit setting and gradual development of grape berries which is
followed by synthesis and accumulation of sugars, acids, phenolic compound, aroma precursors etc. The
length of the period between flowering and véraison is strongly determined by climatic factors. In
particular warming from 1970 to 1997 in the Bordeaux (France) resulted in decrease duration of the
period for 4 days (Jones and Davis, 2000). Apart from temperature a grape variety is also essential for
the length of this period. These conclusions were reported in a recent study, whereas in the Dois Portos
(Portugal), higher temperatures caused a significant reduction in the length of the period between from
blooming and véraison for two autochthon grape varieties which was not the case for other two grape
varieties (Malheiro et al., 2013). Véraison is the third phonological stage of vine growing cycle which
starts with the first occurring of colored berries (81 BBCH scale), continues with full véraison (50% of
colored berries; 83 BBCH scale) and finishes when all berries have characteristic variety color (85 BBCH
scale). This phenological phase occurs from the end of July to the beginning of September in the
Northern Hemisphere (Jones and Davis, 2000; Tomasi et al., 2011; Urhausen et al., 2011), and from
the middle of December to the middle of February in the Southern Hemisphere (Fraga, 2014). As for all
phenological stages, temperature and heat accumulation influence the occurrence of full véraison to large
extent. The impact of temperature was reported by Tomasi et al. (2011), whereas an earlier occurrence of
véraison was detected in Italy (13 days). These trends of earlier occurrence of véraison are also expected
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to continue in the future decades up to 30 days in Spain and Italy (Fraga et al., 2016), indicating the
necessity to develop adaptation to these changes.

The period between full véraison (83 BBCH) and full maturity or harvest timing (89 BBCH) is followed
by further accumulation of some grape berry compounds (e.g. sugars) and degradation of certain
compounds (e.g. malic acid, aromatic precursors, see 4.1.2-4.1.5). Duration of this period depends on air
temperature (Malheiro et al., 2013), which increase in not necessarily sufficient for the period shortening
(Bock et al., 2011). The last stage of the berry growth cycles finishes with full maturity (89 BBCH) when
grapes have reached technological maturity (optimal ratio between sugars and acids) and/or phenological
maturity (developed secondary metabolites, e.g. phenolic compounds, aroma precursors). The harvest of
fully mature grapes occurs from the middle of September to the beginning of November in the Northern
Hemisphere (Bock et al., 2011; Jones and Davis, 2000; Malheiro et al., 2013; Tomasi et al., 2011) and
from the middle of February to the middle of April in the Southern Hemisphere (Fraga, 2014). Similarly,
to other phenological stages, air temperature is the major climate factor which determines harvest date.
This was clearly concluded in many studies which reported that increase of temperatures caused earlier
occurrence of grape maturity in Italy (Tomasi et al., 2011), Portugal (Malheiro et al., 2013), France
(Jones and Davis, 2000), Slovenia (Vrsi¢ et al., 2014), Germany (Bock et al., 2011), Australia (Petrie
and Sadras 2008), Slovakia (Jones et al., 2005), Spain (Ramos et al., 2008) etc. However, some studies
reported lack to advanced maturity even if significant temperature increase was detected, indicating the
importance of other factors as well (e.g. grape variety) (Duchéne and Schneider, 2005; Jones et al.,
2005; Malheiro et al., 2013). Due to most likely warming in the future decades earlier occurrence of
harvest dates is expected to be continued, in the magnitude up to from 30 to 40 days in some parts of
Spain, Italy, France, Greece (Fraga et al., 2016) etc.

4.1.2 Grape sugars

Vitis vinifera during the process of photosynthesis produces carbohydrates (sugars) which are natural
reservoirs of energy required for plant development. Sugars are synthesized in leaves as sucrose,
translocated via phloem to fruits (Swanson and El - Shishiny, 1958) and cleaved into hexoses by
enzymatic activity of invertase for further utilization or storage in vacuoles (Davies et al., 2012). Sugar
concentration in berries, apart from obvious influence on sweetness of grapes/wines and alcohol level of
wines, through genes expression and regulation can also influence secondary metabolites assimilation
(Davies et al., 2012). The influence of climate change on higher sugar content in grape berry and elevated
ethanol content in wines could be cause by several factors such as atmospheric CO, concentration, higher
temperatures and moderate water stress. In particular, temperature increase and elevated air CO,
concentration (up to 30°C and 800 ppm CO,, respectively) (Greer and Weedon, 2012; Long et al.,
2004), may enhance photosynthetic process and hasten pace of phenological events (Duchéne and
Schneider, 2005; Jones, 2012). This accelerated pace of phenological events causes faster sugar
accumulation since their synthesis is preferential comparing to the synthesis path of secondary
metabolites, such as anthocyanins (Martinez-Lischer et al., 2016). Furthermore, hasten pace of
phenological stages is causing grapes to arrive earlier at technological maturity (optimum ratio between
grape sugar content and acidity), while aroma and phenolic compounds remain undeveloped. On the other
hand, if grape growers leave bunches to hang on vines and wait for aroma and phenolic compounds to
develop, acidity values may reach level below optimum due to the respiration and malic acid degradation,
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while sugar content reaches a higher than optimum level (Jones, 2012), which will finally cause
production of unbalanced wines. The influence of air temperature on sugar content in berries was reported
in the Upper Moselle wine region (Luxembourg), whereas in the period from 1965 to 2005 cv. Riesling
must density increased for 0.3£0.2°Oe. Furthermore, in the same wine region similar observations were
detected for another six grape varieties (e.g. cv. Traminer, cv. Pinot Blanc etc.) (Urhausen et al., 2011).
Similar findings were also reported in the Lower Franconia (Germany), whereas during the 61 years
period (1950-2010) grape sugar content increased for 2.4°Oe per decade (Bock et al., 2011). In another
study, authors speculated that increasing warmth Alsace (France) could also cause production of grapes
with elevated sugar content (Duchéne et al., 2010), confirming that temperature plays an important role
on berry sugar content at the harvest. However, sugar content increase with increasing temperature trends
during the relatively long period (few decades) is not a ‘thumb rule’. Jones and Davis (2000) reported
lack of sugar content increasing trends for cv. Cabernet Sauvignon and cv. Merlot in the Bordeaux
(France), even if increasing temperatures were detected during the 28-year period (1970-1997). Apart
from temperatures, moderate water stress may also accelerate sugar accumulation in berry as a result of
inhibiting lateral shoot growth allowing transportation of carbohydrates to berries or as a direct effect of
grapevine hormones (abscisic acid) activation during maturity process (Coombe, 1989). In this view,
Poni et al. (2007) conducted partial root-zone drying on potted Sangiovese grapevine, simulating dry and
wet conditions, whereas at harvest, vines submitted to dry conditions showed higher total soluble solids
respect to the vines cultivated under wet conditions.

4.1.3 Grape acids

Grape berry contain a high number organic acids (Kliewer, 1966), whereas tartaric and malic acids are by
far the predominant acids (over 90% of total berry acids) while other acids (e.g. citric, succinic, ascorbic
etc.) are present in small concentrations (Ford, 2012). L-tartaric acid is stereoisomer naturally found in
grape berries which synthesis occurs at the earliest stages of berry development and last until 40-50 days
after blooming. Once synthetized, L-tartaric acid is accumulated in the berry vacuoles which
concentration is generally constant (Ford, 2012). However, Ford (2012) suggested possible decrease of
tartaric acid concentration in berries when exposed to high day temperatures (40°C) and night
temperatures (30°C) during several days. Same as for tartaric acid, L-malic acid is naturally occurring
stereoisomer in grape berries. The synthesis of malic acid in berries occurs in initial stages of berry
development, primarily via B-carboxylation of phospho-enol-pyruvate to oxaloacetic acid, which is
catalyzed by cytoplasmic enzyme phospho-enol-pyruvate carboxylase. Afterwards, oxaloacetic acid is
used for malate synthesis which is catalyzed by malate dehydrogenase (Ford, 2012). Malic acid formed
in early stages of berry development and peaking prior to véraison (Ryona et al., 2008). Malic acid is
party degraded as berry ripening advances due to respiration and malic acid degradation (Lakso and
Kliewer, 1975). The degradation of malic acid is strongly regulated by temperature, whereas at
temperatures higher than 35°C have negative effect on malic acid concentration in berries (and wine total
acidity afterwards) due inactivation of synthetic enzymes (Lakso and Kliewer, 1975). The impact of
increasing temperatures on must acidity in general was reported in the Luxembourg, whereas from 1965
to 2005 a negative trend of must acidity was detected for cv. Riesling (~0.1 g/L) (Urhausen et al., 2011).
Similar finding were reported in the France, whereas decreasing trends of wine acidity under warmer
conditions were detected in the period 1970-1997 for cv. Merlot and cv. Cabernet Sauvignon (Jones and
Davis, 2000). Recent study reported that apart from elevated temperatures, a combination of higher
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temperatures with elevated air CO, concentration also have a negative effect on must acidity (Martinez-
Luscher et al., 2016). Lower water availability during dry vintages may also decrease wine acidity as it
was reported in recent study (Vrsic et al. 2014).

4.1.4 Grape aromatic compounds and aroma precursors

Wine headspace is very rich in aromas and contain from one to several hundred of aromatic compounds.
Part of these compounds is released from grape aroma precursors via chemical and biochemical reactions
during fermentation and wine ageing. The grape aroma precursors are primarily present in their non-
volatile form while volatile form occurs rarely (Darriet et al., 2012). The synthesis and accumulation of
grape aromatic precursors takes place in grape berry and for certain compounds (e.g. 3-Isobutyl-2-
methoxypyrazine; IBMP) starts with fruit set, peaks prior to véraison and degrade as ripening advance
(Ryona et al., 2008). Climate factors play an important role in final concentration of aromatic precursors
in grape berries. In particular, IBMP present in Cabernet Franc, Cabernet Sauvignon, Sauvignon blanc,
Semillon etc., contributing to “bell pepper’ sensation degrade at higher amount during vintages with
higher temperatures (Allen and Lacey, 1993). Recent study reported that concentration of rotundone
related to ‘black pepper’ sensation which is present in cv. Syrah, is negatively correlated with higher
grape bunch zone temperatures (Zhang et al., 2015). Excessive berry temperatures are also related to
lower concentration of terpenols (e.g. linanol, nerol, geraniol) in cv.s Moscatel de Alejandria and
Moscatel rosada (Belancic et al., 1997). Vrsic¢ et al. (2014) reported that lower water availability during
dry years may also cause reduction of aromatic compounds, confirming significance of the diverse
climatic factors on final concentration of grape aroma precursors.

415 Grape phenolic compounds

The grape berries contain vast number of different phenolic compound which are important determinant
of wine quality (Castellarin et al., 2012). The biosynthesis of all phenol compounds starts with
production of phenylalanine amino acid via shikimate pathway, which links the synthesis of secondary
metabolites (e.g. aromatic amino acids, phenols) with carbohydrate metabolism (Castellarin et al., 2012).
Afterwards, formed phenylalanine is utilized for synthesis of phenolic compounds via phenylpropanoid,
flavonoid and stilbenes pathways (Sparvoli et al., 1994). As for all components in grape berry,
concentration of phenolic compounds if affected by climatic factors thus climate change may play an
important role. In particular, water deficit resulted in increase of stilbene accumulation in cv. Cabernet
Sauvignon berries which was absent in cv. Chardonnay berries, indicating also importance of varietal
factor on final concentration of phenolic compounds (Deluc et al., 2011). Other studies reported negative
impact excessive temperatures (>35°C) on anthocyanins concentration in cv. Cabernet Sauvignon (Mori
et al., 2007), cv. Pinot noir (Mori et al., 2007), or cv. Aki Queen grapes (Yamane et al., 2006), due to
inhibition of anthocyanin synthesis and degradation of existing anthocyanins (Castellarin et al., 2012).
Furthermore, concentration of skin proanthocyanidins in cv. Merlot is also strongly related to heat
summations, whereas both excessively lower and higher temperature decrease skin proanthocyanidins
content at harvest (Cohen et al., 2008). UV-B radiation is another important factor for phenolic
concentration which is not consequence of the climate change, but indirect cause of higher temperatures
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and longer droughts. Higher UV-B radiation may promote stilbenes (Versari et al. 2001), flavonol and
anthocyanins synthesis (Martinez-Luscher et al. 2016).

4.1.6 Grapeyield

Grape yield is also highly correlated to climatic factors thus climate change has a strong impact on crop
load as well. Apart from climate factors alone, non-climatic factors such as soil fertility, air CO, etc. play
an important role in determination of crop yield at harvest. For example, warming in Spanish region Ri1’as
Baixas had a positive correlation with grape production during the period 1987-2005 (Lorenzo et al.,
2013). Reversely, in another Spanish wine region warming resulted decrease of the grape yield during the
period 1952-2006 (Ramos et al., 2008). Ramos et al. (2008) also reported that precipitation reduction
from blooming to véraison caused grape yield reduction. This may be explained with rapid cell division
and reduced berry size that occurs with water stress (Peacock, 2005). Another study reported that water
deficit during the dry years resulted in in grape yield reduction up to 53% (Ramos and Martinez-
Casasnovas, 2010). This negative effect of water stress and excessive heating on the grape yield is
however partly compensated with an increase of air CO, concentration as it was reported in several
studies (Bindi et al., 1996; Kizildeniz et al., 2015; Moutinho-Pereira et al., 2009; Schultz, 2000). As it
is clearly evident, the future production of grapes and crop load will depend on combination of climatic
(e.g. temperature) and non-climatic (e.g. nitrogen availability) factors, thus some areas such as France and
Germany may have higher grape yield in the future decades while certain areas as Spain may have lower
grape yield (Fraga et al., 2016).

4.2 Climate change trends, grape sugar content and grape yield of
Sangiovese grapes from the Romagna area

In this view, the present experiment aims to establish a relationship, if any, between total soluble solids in
Sangiovese grapes and climate change trends evaluated with proper bioclimatic indices in the part of
Romagna area (Fig. 4.1). Moreover, the experiment evaluated the trend of grape production and its
correlation with climate variables for the same area.

421 Materials and Methods

4.2.1.1  Study region, grape sugar content and grape production data

The Emilia-Romagna (ER) is located in the north of Italy and accounts for about 55,000 ha of vine
cultivated surface which represent 8.1% of the total Italian vine cultivated surface and is the 2™ wine-
producing region with 18% of the total Italian wine production by volume (harvest 2014). The Sangiovese
(main red grape variety cultivated in Italy) wine production in the studied area represents approximately
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70% of the entire ER region. The studied area is mostly located between 100 m and 300 m above sea
level and stretches from 44°00” to 44°50° N latitude and from 11°50” to 12°50” E longitude (Fig. 4.1).
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Figure 4.1 Location of the studied part of Romagna area (adopted with permission from Tesli¢ et al.,
2018).

Sugar content in Sangiovese berries was obtained from seven commercial wineries located in the studied
area for the period from 2001 to 2012. Berry sugar content was measured directly in the field, day before
harvest, using a portable digital refractometer. Measuring grape sugar content instead of the alcohol
concentration in wines is more suitable for experiments consisted with presented study. This is due to
avoidance of possible overestimates or underestimates of results caused by enrichment practices (e.g.
grape sugar additions during fermentation).

Similarly, to the sugar content, the annual grape yield, produced on consistent vineyard surface, was
obtained from the same seven wineries from 1982 to 2012. The dataset was averaged for every year
between all seven wineries for grape sugar content and quantity of produced grapes.

4.2.1.2 Meteorological data and bioclimatic indices

Used bioclimatic indices (Bl) were computed with values of daily maximum, mean, minimum
temperatures and precipitation from the ENSEMBLES (E-OBS 0.25 deg. Regular grid, version 11.0;
www.ecad.eu). Interpolated and gridded datasets were used for the period 19532013 from six grid cells
(1, 2,5, 6, 7and 8; Fig 4.1) which covers the majority (~97%) of the total vineyards in studied area (Fig.
4.1). Three grid cells in the bottom row (10, 11 and 12) were omitted from the calculations due to the
small percentage (~3%) of vineyards in that area. Additional explanations related to the E-OBS dataset
are described by Haylock et al. (2008). For validation purposes, all Bl computed with E-OBS dataset
were also computed with consistent data from seven weather stations (www.arpa.emr.it) for a short-term
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period (2005-2013; Fig 4.1). A good correlation (r >0.9) was observed between Bl values calculated
from two datasets (E-OBS and weather stations), thus E-OBS dataset was suitable for the experiment. The
bioclimatic indices used for this experiment were calculated as presented in Table 2.1 and Table 4.1.

Table 4.1 Mathematic definitions and classes of used Bls.

Bioclimatic Mathematical
index definition Classes

Temperature related indices

31.10. 31.10.

. 1 1
Growing season Tmax = — Z Tx ; Tmin = — Z Tm
max and min N & N £
temperature -
(Tmax: Tmin) Tx — Max air temperature (°C)

Tm — Min air temperature (°C)
N — Number of days

30.9.

1
DTR== Tm-—
NZ m=Tn
1.8.

Tx — Max air temperature (°C)
Tm — Min air temperature (°C)

Diurnal temperature
range (DTR)*

Y(Ramos et al., 2008).

4.2.1.3 Statistical analysis

Basic descriptive statistics (e.g. mean value and standard deviation) for Bls, grape sugar content and
grape yield data were calculated. Trend analysis was performed by Mann-Kendall test (MKT) (Kendall
and Stuart, 1967; Mann, 1945), which is often used non-parametric test for detecting existing trends in
meteorological, agrometeorological and hydrological datasets (Bardin-Camparotto et al., 2014; Ramos
et al., 2008). To avoid over-fitting by insertion of auto-correlated data (Von Storch and Navarra, 1995),
MKT was computed with Hamed and Ramachandra Rao (1998) modification.

The relationship between Bls, grape sugar content and grape yield was assessed using a multiple linear
regression method. To avoid co-linearity, the Bl were removed by using backward removal approach until
remaining indices did not satisfy criteria of tolerance value >0.2 and VIF value <4 (Neethling et al.,
2012). The determination coefficient ‘adjusted R?> was used as an estimator of the ability of calculated Bl
to explain the model (Draper and Smith, 1981). Data homogeneity and occurrence of breaking points in
the datasets were assessed using non-parametric Pettitt test (PT) (Pettitt, 1979).
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4.2.2 Results and Discussion

4.2.2.1 Bioclimatic indices

Growing season maximum, mean and minimum temperatures had significantly increasing trends over the
studied period with an increase of 0.04, 0.03 and 0.02°C/year, respectively. The total increasing trends
were estimated as 2.20, 1.65 and 1.40°C from 1953 to 2013 for maximum, mean and minimum
temperatures, respectively (Table 4.2).

Table 4.2 Pettitt test (PT) and Mann-Kendall test (MKT) applied to meteorological data (1953-2013) in
the studied area. NS: no significant trend; *: 90% significant trend.

Index PT PT MKT MKT MKT
p-level Cutting point p-level Trend year™ Total trend

Timax [°C] <0.0001 1984 <0.0001 0.04 2.20

Tinean [°C] <0.0001 1989 <0.0001 0.03 1.65

Tmin [°C] <0.0001 1984 <0.0001 0.02 1.40

DTR [°C] 0.049 1984 0.023 0.01 0.79

Cl[°C] 0.648 NS 0.605 NS NS

ND 25-30°C [days] 0.266 NS 0.096* -0.11 -6.71
ND > 30°C [days] <0.0001 1984 <0.0001 0.53 32.33
HI [units] <0.0001 1989 <0.0001 5.88 358.62
GDD [units] <0.0001 1984 <0.0001 6.1 371.98
Torec [MM] 0.098* 1996 0.043 -1.94 -118.16

DSI [days] 0.055* 1996 0.026 0.15 9.33

As the growing season mean temperature (Ten) Value suitable for the growth of Sangiovese grapes
ranges from 16.9 to 19.2°C (Jones, 2006), the T e Value of 18.49°C (for the period 1953-2013; Fig.
4.2a Table 4.3) found in this study showed that the examined area had optimum temperature conditions
for the Sangiovese grapes cultivation. Results are suggesting that increasing of T, is more driven by
growing season maximum than minimum temperature which was also reported for other viticulture
regions in Europe (Table 4.2) (Neethling et al., 2012; Malheiro et al., 2013; Ramos et al., 2008; Vrsié¢
et al., 2014). The possible ongoing increasing trend of growing season temperatures, if permanent, could
become a long-term risk factor for a grape production as it was reported by some authors (Hannah et al.,
2013). However, its effects on the grape production will depend to a great extent on adaptation by
viticulturists, including vineyard management and the use of grape varieties more resistant to warmer
conditions (van Leeuwen et al., 2013).
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Table 4.3 Descriptive statistics applied to meteorological data (1953-2013) in the studied area.

Index Mean Std. dev.
Tmax [°C] 23.65 1.01
Timean [°C] 18.49 0.78
Tunin [°C] 12.09 0.69
DTR [°C] 11.35 0.81
CI[°C] 13.66 1.21
ND25-30°C [days] 63.45 9.32
ND > 30°C [days] 30.57 14.69
HI [units] 2258.37 178.32
GDD [units] 1794.89 171.97
Torec [MM] 463.88 121.39
DSI [days] 161.48 8.97
Temperature [°C] a) Temperature [°C] b)
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Figure 4.2 a) Linear trend of growing season mean temperature; b) Pettitt homogeneity test for a growing
season mean temperature; in the studied area during the period from 1953 to 2013.

Cutting point of growing season mean temperature time series detected in 1989 can be explained by
abrupt anomalies which started at the beginning of the 1970’s, reaching maximum anomalies during the
1980’s in the large-scale circulation patterns for the North Atlantic/European sector (Table 4.2; Fig. 4.2b)
(Mariani et al., 2012 Warmer et al., 2000).

Diurnal temperature range (DTR) showed a significant positive trend with an increase of 0.01°C/year and
a total trend of 0.79°C from 1953 to 2013 (Table 4.2). The DTR trend was mostly related to the increase
of growing season maximum temperature over the grape ripening period (August—September). Thermal
amplitude between the maximum and minimum temperatures may have a positive effect on berry
composition (Ramos et al., 2008). However, an excess in diurnal temperature range may have a negative
effect on grape quality due to the plant stress with higher temperatures (Ramos et al., 2008). The
homogeneity test cutting point occurred in 1984 (Table 4.2).

The Cool night index (CI) showed a lack of significant trend and homogeneity test cutting point due to
the minor increase in minimum temperatures particularly during the grape ripening months (Table 4.2).
Night temperatures are correlated with the synthesis of secondary metabolites (e.g. anthocyanins) in red
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grape varieties, whereas night temperatures in an approximate range of 10-15°C have a positive
effect on anthocyanins accumulation (Kliewer, 1977). Thus, the mean value of Cl (13.66°C) was in the
optimum range for the anthocyanins accumulation which is an important factor for production of
Sangiovese grapes (Table 4.3).

Number of days with maximum temperature in range from 25 to 30 °C (ND 25-30°C) showed a slightly
significant negative trend, while number of days with maximum temperature > 30°C (ND > 30°C) had a
significant positive trend with a total increasing trend of 32.33 days exceeding >30°C (Table 4.2). Cutting
points occurred in 1984 for ND > 30°C, whereas the ND 25-30°C was not significant for the
homogeneity test (Table 4.2). The increase of ND > 30°C may be beneficial during ripening (Jones and
Davis, 2000). However, too many days with temperature >30°C may stress the plant photosynthesis
(Mullins et al., 1992), since days with maximum temperatures ranging between 25-30°C are optimal
conditions for the photosynthesis processes.

Two thermal indices often used to examine the suitability of selected area for grape production, Huglin
index (HI) and Growing degree day (GDD), showed a significant increasing trend with 5.88 and 6.1 units
per year and a total trend of 358.62 and 371.98 units from 1953 to 2013, respectively (Table 4.2).
According to the Huglin classification, due to the increasing temperatures in the Romagna area, HI trend
shifted studied area from the temperate/warm temperate to the warm temperate/warm viticulture region
(Fig. 4.3a). Also, according to the Winkler classification, GDD regression trend shifted the Romagna area
from the region II/111 to the region HI/IV (Fig. 4.3b). The homogeneity test cutting points occurred in
1989 and 1984 for HI and GDD, respectively (Table 4.2).
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Figure 4.3 Linear trends of a) Huglin index; b) Growing degree day in the studied area during the period
from 1953 to 2013.

Several studies reported a lack significant precipitation trends in certain European grape growing regions
(Jones et al., 2005; Neethling et al., 2012; Ramos et al., 2008). However, a significant negative trend
was detected for precipitation in presented experiment, with a 1.94 mm/year and a 118.16 mm total trend
decrease and with high annual variations over growing season period (Table 4.2; Fig. 4.4a). These results
are aligned with other studies, focused on Italy (Brunetti et al., 2000) and on ER (Antolini et al., 2016).
Furthermore, the positive Dry spell index (DSI) trend with 0.15 days/year and 9.33 days in total indicated
on possible longer drought periods in the future decades (Table 4.2; Fig. 4.4b). The homogeneity test
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cutting point occurred in 1996 for total precipitation and DSI due to the mentioned abrupt anomalies in
the large-scale circulation patterns (Table 4.1).
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Figure 4.4 Linear trends of a) Total precipitation; b) Dry spell index in the studied area during the period
from 1953 to 2013.

4.2.2.2 Grape sugar content

Sugar content in Sangiovese grape showed a significantly increasing trend with 0.12°Brix/year and
1.38°Brix during a 12 years period (2001-2012) (Table 4.4; Table 4.5; Fig. 4.5a). High value of adjusted
R? (0.81) obtained with multiple linear regression suggests a high contribution of computed bioclimatic
indices on increasing berry sugar content in Sangiovese grapes from the studied part of Romagna area
(Table 4.6).

Table 4.4 Pettitt test (PT) and Mann-Kendall test (MKT) applied to grape sugar content (2001-2012) and
grape yield data (1982-2012) in the studied area.

Parameter PT PT MKT p-level MKT Trend MKT
p-level Cutting point year™ Total trend
Sugar content [°Brix] 0.017 2006 0.04 0.12 1.38
Grape yield [t] 0.003 1997 <0.01 33.49 1038.07

Table 4.5 Descriptive statistics applied to grape yield (1982—-2012) and grape sugar content data (2001
2012) in the studied area.

Parameter Mean Std. dev.
Sugar content [°Brix] 17.17 0.83
Grape yield [t] 2216.47 486.59
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Figure 4.5 Linear trends of a) grape sugar content (2001-2012); b) grape yield data (1982-2012) in the
studied area.

The positive standardized regression coefficient of DSI suggested that decrease of DSI had a positive
effect on grape sugar content, which is possible only up to a certain limit (Table 4.1; Table 4.6).
Compared to DSI, HI regression coefficient suggests that increasing thermal accumulation had a lower
impact on sugar content in Sangiovese grapes (Table 4.1; Table 4.6). This, positive relation between Hl
and grape sugar content is possible up to the certain point due to photosynthesis process limitations. For
additional information related to moderate water stress and temperature correlations with grape sugar
content see 4.1.2.

Table 4.6 Standardized coefficients, adjusted R2 and p-level of multiple linear regression modeling
applied to sugar content and bioclimatic indices (2001-2012); grape yield and bioclimatic indices (1982—
2012) in the studied area.

Sugar content Standardized coefficients Adjusted R? p-level
HI DSI
014 0.84 0.81 0.0002
Grape yield Standardized coefficients Adjusted R p-level
Trax DSl ND 25-30°C
055 -0.42 -0.19 0.21 0.025

PT cutting point of grape sugar content occurred in 2006 (Table 4.4). Hypothesis of drier conditions
(DSI) coupled with increased temperature accumulation (HI) in the period after cutting point (2007—
2012), comparing to the period before cutting point (2001-2006, with an exception of hot and dry 2003),
may serve as an explanation for this outcome (Fig. 4.6).
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Figure 4.6 Growing season trends of Huglin index (HI); sugar content in Sangiovese grapes (Sugar
content); Dry spell index (DSI) in the studied part of Romagna area from 2001 to 2012; red line — Sugar
content breaking point.

4.2.2.3 Grape yield

Sangiovese grape Yyield showed a significant increasing trend of 33.49 tons/year and 1038.07 total tons
from 1982 to 2012 (Table 4.4; Table 4.5; Fig. 4.5b). In contrast to grape sugar content, a low value of
adjusted R? (0.21) obtained with multiple linear regression indicate a low influence of computed
bioclimatic indices on increase of Sangiovese grape production (Table 4.6). Thus, suggesting that
variables uncovered by this experiment, such as husbandry improvement (e.g. drainage, pesticides,
canopy management, fertilizers) and soil characteristics, might had key a role on grape production
increase in the studied part of Romagna area during the last 30 years. PT breaking point of increasing
grape yield detected in 1997 and decreasing precipitation variables (Tp.. and DSI) breaking points in
1996, are suggesting that higher grape yield occurred with lower water availability which is not aligned
with other studies (Ramos and Martinez-Casasnovas, 2010). Therefore, minimal impact of calculated
bioclimatic indices on Sangiovese grape Yield, obtained with multiple linear regression is supported by
PT.
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The negative standardized regression coefficient of ND 25-30°C, suggested that lower ND 25-30°C had
a negative impact on grape yield (Table 4.1; Table 4.6). This may be due to decrease in the number of
days with optimum temperature range for photosynthesis process (25-30°C) and increase in the number
of days with temperatures that lead to initial plant stress (>30°C). Tmax Standardized coefficient obtained
with multiple linear modeling, suggested a positive influence of increasing maximum temperature on
grape yield in the studied part of Romagna during the last 30 years (Table 4.1; Table 4.6). The negative
DSI standardized coefficient suggested that increase in number of days without rain (<1mm) may
decrease soil water availability causing drought stress to plants, which has a negative impact on grape
yield (Ramos and Martinez-Casasnovas, 2010) (Table 4.1; Table 4.6). For additional information
related to moderate water stress and temperature correlations with grape yield see 4.1.6.

4.2.3 Conclusions

The studied part of Romagna area has been affected by weather anomalies in large-scale circulation
patterns during the 1980's (Westerlies regimes). During the studied period (1953-2013), growing season
mean temperature (18.49°C) and night temperatures during the ripening months of (13.66°C) were in the
optimum range for Sangiovese production. The increase of T, Was rather due to a rise in Tpa than
augmentation of T,,. The precipitation and DSI had a negative trend over the growing season with high
annual variations, suggesting drier conditions. Multiple linear analysis coupled with PT, elucidated low
impact of computed bioclimatic variables on increase of Sangiovese grape yield. Also displayed that
variables which were not considered by this study, such as husbandry practices and soil characteristics,
might had a significant role in grape yield determination. Using the same approach, the increase of berry
sugar content in Sangiovese grapes during 2002-2012, was largely explained (81%) by computed
bioclimatic indices, whereas DSI showed a higher correlation with increasing sugar content in berries
respect to the HI. Furthermore, the experiment was done in collaboration with grape grower partners of
the Caviro Coop (Faenza, Ravenna, Italy), thus the obtained results a valuable case study on the topic.
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Appendix C — Climate change trends, grape production, and potential alcohol
concentration in wine from the ‘Romagna Sangiovese’ appellation area (Italy)
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Sangiovese wines, whereas DST showed higher comelation
with potential alcohol respoctto the HIL (iif) Relation between
grape production and the climate change from 1982 0 2012 a
significant increasing trend was found with litle effect of the
climate change rends estimated with used biocimatic indices.
Practical implication af viticuluwral and oenological kevek is
discussnd.

6] years (from 1933 to 2013) in the Romagna Sangiovese
arca! significant increasing trends were found for the mai-
nmm, mean, and minimum daily temperatunes, while a de-
creasing trend was found for procipitation during the growing

1 Introduction
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season penod | April—Octaser). Mean growing season benmgser-
ature was 1849 %C, considered as warm days in the Romagna
Sangiovese area and optimal for vegetative growth of
Sangiovese, while nights during the ripening months were
cold { 13.66 *C). The nse of emperature shifted sdied area
from the temperaie/warm temperate to the wam temperate-
WA grape-growing region (sccording to the Huglin classifi-
catiom). {ii) Reltion betwoen the potential alcool content
from seven wineries and the climate change from X1 to
2002 dry spell index (DST) and Huglin index (HI) suggested
a large contribution to increasing level of poiential alcohol in
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Grrape: production i srongly affecied by climate conditions
{Jackson and Lombard 1993; Schultz 200d; van Locuwen
et al. 200:; Keller 20010; Fraga et al 201 4a); thene fore, climate
change can modify grape and wine composition to a great
extent. Vine sensitivity i weather propertics (Jomes et al
2005k Gladstones 2011; Holland and Smit 2014]), narmow
spatial surfaces suitsble for producing high-gqual ity grapes as
wine industry raw material, and possibility of perennial plant
exploitation (Battaglin ot al 2000, Lereboullatetal 2014) ane
indicative of the nood for aclimsaie change assessment ausmci-
ated with winemaking Despiie te imporance of te global
climate change tend, from the vine grower'winemaker per-
apoctive, it & more csential to understnd regional atmo-
spheric conditions (Jones et al. 2005h; Orlandin et al. 20059
and bocal microclimatic envirmment as well. Generally, in-
creasing average gobal tempe rature over the last few docades
s more than evident, a3 is the increasing temperature rend,
although is not homogenous in every vine-growing region
(Pielke et al 2002; Jomes of al 2005h; van Lecuwen et al
201 3). For example, Jones of al {2005h) confirmed a signifi-
cant growing season temperature rend for the majority of
nrthem hemisphere wine-producing regions betwoen 1950
and 1 990, with an average increase of 1 26 *C. However, there
was also an insignificant trend in the majority of soutem
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hemisphere wine regions, which emphasizes the nocessity to
focus study on smaller study areas.

Since climaie modifications are vastly complex, euamin-
tions of simple tempe rature and procipitation valwes ane insuf-
ficient to explain climaie change rends. Therefore, several
bipclimatic indices {e.g., Huglin mndex (HI) {Huglin 1978),
Cionl might insden {CT) {Tonietin 19990, Winkler {WT) or grow-
ing degroe day (GDD) ndex (Winkleretal 1974), numbser of
days with maximum temperatures higher than 30 =C
(WD = 30 *C) (Ramos et al 2008), number of days with
precipitations <1 mm (Dry spell index, DST) (Moisselin and
Dubuizson 2006), etc.) ae commonly wsed in viticulure to
provide a betier insight into clima®e change trends. However,
the selecied binclimatic indices were mainly based only on air
temperature, as it has the strongest influence on overall
growth, productivity, and berry ripening of the grapevine
{Jones 2012).

Jomwes et al (20 10) showed thatclimaie change i responsible
for over 50 % of aloohol rends. Moderale wabter stress may
positively affect borry sugar accumulation during grape-
rowing season (Coombe | 989, while incressing emporaturne
advances phenological stages and spoods up sugar accunmila-
tion in grape berries (Duchéne and Schneider 2005, Barbean
AT Jomes 201 2; Bonmeefoy etal 201 3). Both water stress and
increasing emperature lier lead i the production of wines
with higher alcohol content and other microbiolegical, techmo-
logical, seneorial, and financial implications (Mira de Ordudia
2100, In particular, increase of grape sugar condent af harvest
may cause slow/suck aleoholic fermentations during hot years
{Coulter et al. 20{E) as well as alier sersory features due to the
cthandls tendency to increase bitbemess perception | Fischer
and Moble 19%4; Vidal et al 2004, Sololowsky and Fischer
A1), suppress the percoption of soumess (Williams 1972),
and reduce astringency perception (Williams 1972, Vidal
ot al. 2M). Excess of aloohol in wine & ako not desirable
due to hamful effocts on the health of consumerns and civil
restrictions (Cataring and Mendes 2011). Moreover, in the
USA, winemakers noed to pay additional taxes if the wine
contains more than 14.5 % w'v of aleohol, whereas in ETJ, the
aleohanl limit for thle wineis 150 % we Recenty, consumers
showed a preference for wines with lower alcoho] content (he-
tween 9 and 13 % w'v) (Massot et al 2008,

Ttaly is one of te top wine producers in te world and its
export ropresents the main income for the entire a gro-feod
sector, Although the importance of climake change iz well
recognized by scientist worldwide, there is a moed i improve
its awarene s amdang privaie companics as well.

In thiz view, the present study aims i establish a relation-
ship between grape augar condent, presented as potential alco-
hal conient in Sangiovese wines, and climate change tremnds
based on selecied binclimatic indios of the specific anea of
interest (Fig. 1) Momeover, the study evaluated the trend of
grape production for fwe same area and its comelation with

1 Springer

climate variables. Tt has to be noted that the examination of
climatic trends and their infleence on grape production and
wine potential alcohad level in the “Romagna Sangiovese ap-
pellation area™ was based on meteorological facinrs alone
{e.g, emperatre and precipitations). The effoct of other pos-
sibly relevant faciors, such as soil characiernistic, effecs of
elevated atmospheric carbon dioxide concentration, influemce
of market decis ons on aleohol level in wines, hushandry prac-
tices, eic., was not considered.

The sdy was done in collaboration with grape growes
and local winery partners of the Cavire Coop ( Faenza, BLA,
Ttaby), thus rendering the obtainoed resulis a vahuable case siudy
o the Inpic.

2 Materials and methods

11 Study reglon, potemtial aleohol concen tratomn,
and grape prodwcton data

The Emilia-Romeama (ER ) is lecated in e north of Ttaby and
accounts for about 5500 ha of vincyards which represent
B1% of the total Twlian vineyard surface and i fhe second
wine-produc ing regon with 18 % of e iota] Halian wine pro-
duction by volume. The ER include nine provinces, two of
which are located within the “Romama Sangovess ™ appella-
tion area, namely Ravenna and ForllCesena, that account for
16,000 aned TO{K) ha of vineeyand, respectivel y, thus repre senting
42 % of the iptal ER grape cultivaied amea fir all vaneties. The
Sangiovese (main red grape varicty cultivated in Ttaly) wine
production, in the two provinces of Ravenna (1700 ha) and
Forli-Cesena (3300 ha) represents ca. 72 % of the entire
Emilia-Romama region The studied area covers more than
97 % of the Romagna Sangiovese appellation area which &
mostly locaied between 100 and 300 m ahove sea level and
COVETing an approodmate area from 447 00 to 44° 500 N latinde
amd from 117 507 to 127 50° E longitude (Fig. 1.

Pobtential alcohol content of Sangiovese wines was calou-
kied (Eg. 1) from sugar condent in grapes that were harvested
from seven commencial wineries in e studied area for the
period from 2001 & 2012, Grape sugar confent was measuned
directly inthe field, day before harvest, using a portable digital
refractometer. This approach is commonly used in enology to
estimate e “natural ™ alcdhel content of wine withow any
contribution due to the enrichment practices, if any (ie., grape
sugar additions during fermentation).

Equation | Bx, sugar content in grapes exprossed as Brix
degrees.

Potential slcohal [%vfu] —Bx x 06

Similarly o the potential alcohol content, the amount of
grapes produced per year, produced on comsisient vineyand
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Fig. 1 Locaion of the Romagna San giovess appa lation asa (Eaby )

srface, was obtained from the same wineries from 1982 to
2012, The dataset was averaged for every year botwoen win-
eries for natrally occumring alcohol conbent and quantity of
produced grapes.

2.2 Meteorological data and biocEmathe indices

Bioclimatic indices (BI) were compuied with daily high-
resolution observations of matimum, mean, and minimum
temperatures and procipitation from the ENSEMBLES
gridded observation dataset (E-OBS 0,25 Regular grid,
version 11.0). Interpolated’gridded datasets were used for
the period 1953-2013 from six grid celk which covered
mone than 97 % of the total vineyards in the studied area
{Fig. 1; Fig. 51). Three grid celk in the bottom mow (10,
11, and 12) were excluded due i the small percentage of
vineyards in that area. Datasets produced by the
EMSEMBLES projoct are used in several recent publica-
tions {Santos et al. 2012; Andrade ot al. 2014; Fraga ot al
2014a, by Minnik et al. 2015, Konca-Kedzierska 20135),
and further detilk about E-OBS dataset ane described by
Haylock et al (2008).

For validation punposes, all bioclimatic ndices used in the
study were computed alsp with comisient data from seven
weather gdations (wwwampaemeif) for a short-iemm period
(25—2013). Locations of the weather stations are listed in
Tahle S1.

The following bisclimatic indices were calculated

(Table 52):

l. Growing scason matinmm | T, ), mean (o), and
mininmum temperature (T (April-October for the
mert ey e i sz re).

2. Mumber of days with a maximum temperature in the

range of 2530 *C (ND 25-30 *C) over the growing
seas0n pernoed.

3. Mumber of days with a naximum emperaurne =30 *C

(NI = 30 ) over the growing season period.

4, Winkler thermal index (W) or Growing degree day

{GDD) index was calculated during the grape-growing
sason by using daily minimum and maximum temper-
atures. Only days with a thermal base value abowve 1020
wene mken into account due & te minimal grapevine
physiological activity threshold (Winkler et al [1974).
However, the GDD index does mot take into account
adusment of ncreasing daylight duration with higher
latitudes.

5. Heligthermal index or Huglin index (HI) is a themal

index that takes inbo account daily mean and maxinmem
temperatures during the period April-September. HI
gives mone weights to meimum daily tempe ratunes with
respoct to W1 and displays improved fiting of potential
sugar condent of the grape; a comection facior (k= 1.04)
was applied i the area of siudy toaceount the increasing
lengih of the daylight tow ands higher latitudes (Huglin
1978; Tonietho and Carbonmean 2004).

6. Cool night index (1) is an average value of mininmum

temperatres during September. C1 is related to the
grape's synthesis of anthocyaning (Tonietto and
Carbonneau 2004, compounds responsible for the red
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color of the wine that noeds improvement in Sangiowese
Wil

7. Diumal temperatre range (DTR) was calculstod as a
mean variation between daily mininum and maxinmwm
temperatures in the period from August & Seplember
{ripseming moniths) {Ramos et al. 2008).

B Total precipitation {T_..) over the grape-growing sesson
{ApriHOctobser).

9. Dry spell index (DST) presenis the number of days with

< mm of precipitation during the grape-growing season

(Moizselin and Dubuisson 2006).

Sclianinov index (S1) or Hydmthermal coefficient

(HTC) was calculaied from daily mean temperature

and daily precipitation (Fregoni 2005 ; Selianinov

1928). Only days above 10 °C were considered. 51

was used to examine hydric regimes and waier supply

of the vines in the sudied area.

13 Statistical amalysis

Basic descriptive sitistics (i.e., mean value and standard de-
viation) for BI, potental alcoha level, and grape production
dats were calculated. Trend analysis based on the Mann-
Eendal (ME) test {Mann 1945, Kendall and Stuart 1967),
the most commonly used non-parametnc et for detecting
existing trends in meteorolegical, agrometeorological, and hy-
drological time series data (Ramos ot al. 2008; Bardin-
Campamtio et al. 2014), was computed with modification
(Hamed and Ramachra Rao 1998) to avoid overfitting due
o the aue-correlaied data (Won Storch and Mavarra 1995).

Relationship among BI, potential alcohol conient, and
grape production was examined using a multiple linear regres-
sion approach. To avoid muta] co-lincarity, dwe number of
bisclimatic indices was reduced using backward remowval
e theod unidi] remaining indices did not satisfy erieria of tol-
erance value =0.2 and VIF value <& (Meethling etal 20012).
The determination cocfficient “adjusied B was wod a5 indi-
cator of the ability of variables to explain the model (Draper
and Smith 1981

Homogeneity of data and breaking points were computad
using non-parametric Pettt test (FT) (Petitt 1979 Al siatis-
tical tests were performed at te 95 % confidence level, unless
oferwise specified.

3 Resulfs and discussions
3.1 Blodimatic ndices
HI calculated with both E-OBS and weather stations dat

showed a good linear comelation (=0.9); tus, the E-OBS data
wore suitable to use for selecied area. Slightly hotter and drier

1 Springer

conditions of BI calculated with data from weather stations
can be explained by prodom inent locations at lower elevations
of weather smtions than in E-OBS, espocially in grid cell §,
which is mainly mountain area (data not shown).

Growing season T, T and T, disclosed significant
trends over the selected period with increase of .04, 0.03 and
0002 *C Apear, respectively, with total rends estimated as 220,
165, and 1.40°C from 1953 to 2013 (Table |; Fig. 2a).

As the T valuwe suitsble for production of high-quality
wines ranges from 12 to 22 *C (Jones 2006), the T___ value
of 18.48 *C {for the period 1953-2013) found in this sudy
showed that the studiod area was characier ized by warm mean
SOWing season temperature and had optimum temperatre
conditions for the growth of Sangiovese (16.9-19.2 =C
(Jomes 2006)). The result of increasing Tow- is mare driven
by T, than T___ and similar resuls are found in other grape-
growing regions in Europe (Ramos et al. 2008; Meothling ot al
2012 Malheino et al 2013, ViEid et al 2014). The ongoing
Tee increasing trend, if persisient, & commonly considered a
long-term risk facior by some authors (Hanmnah et al. 2003).
However, ik effocs will dopend to great extent on adaptation
by growers, including vineyard management and the use of
grape varieies adaptod to warmer conditions (van Locuwen
etal 2013}

Breaking point of T detected in 1989 (Fig. 2b) can be
cxplained by abrupt anomalies starting from the beginning of
the 19T0s neaching maximum anomalies during the 1980s in
the large-scale circulstion patbems (Weskerlies regimes) which
cheara cterize the Nort A dantic/Europsean socinr (Woemer et al
20, Mariani et al 20012,

NI 2530 *C showed aslightly significant negative rend,
while NI} = 30 *C had a significant positive trend (Table 1)
with & total increasing trend of 3233 days excooding =30 =C.
Critical breaking points occumed in 1984 for ND = 30 *C,
whereas the WD 25-30 *C was not significant for the Pettitt
st (data not shown ). Days with daily maximum temperatures
ranging between 25 and 30°C are critical for plant growth due
i the optinum photosynithesis processes. Although several
days with maxinum emperaure reaching over 30 *C may
e beneficial during ripening (Jones and Davis 20000, too
many days with temperature =30 °C may stress the plant pho-
ipsyntesis (Mullins et al. 1992), while temperature =35 =C
represent upper phoisynthesiz limis causing total inhibition
of the process (Gladstones 1992 Tackson 2008]).

Similarly, the two teermal ndices often wsed to examine
the suitability of selected area for grape production, HI, and
GDD, showed a significant increasing trend with 588 and
6.1 units per year and atot] rend of 358,62 and 37198 units
dhuring the studiod period, respoc tively { Table 1) According to
the Huglin classification, approcdmately in the 1980s, due to
the inecreasing temperatures in te ER, HI trend shi fiod sudied
area from the & mperake/warm emperaie to the wam temper-
ate-/warm grape-growing region (Fig. 3a). Inte same period,
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according to the Winkler clasification, GDD regression trend
shifted from regions TV to TILTV (Fig. 3b). The Pettitt test
hreaking points eocurred in 1989 and 1984 for HI and GDD,
respectively (data ot shown).

The C1 showeda lack of signi ficant end( Table 1) and lack
of critical breaking point (data not shown) due to he slow

increase of mininum temperatures particularly during the
grape-ripening monts. Meanvahe of CTwas 13,66 =C, there-
fore, the Romagna Sangiovese appellation area was mosdy
characterized by cold nights {dats not shown). Night temper-
atures are correlaied with socondary metabolites (e.g, antho-
cyanins) of red grape varieties, whereat higher night

Fig-1 aLinmr rends of T, 3_} b}
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temperatures are causing higher loss of color and aroma
(Jackson 200E).

DTR showed a significant positive trend with an increase
of 0U0] *C'year and a total trend of 0UT9 =C (Table 1) that is
mostly related to the maximum Eemperature increase over the
grape-ripening period (Auwgus—Sepiember). Although themnal
amplinde betwoen the madimum and minimm tempe ratunes
greatly affocs berry composition, nchuding its positive come-
lation with the synthesis of anthocyanins, an oo in divmal
emporature range negatively affocts grape quality due to the
plant sress with higher emperaures (Ramos ot al. 2008). The
Pettitt breaking point occurned i 1984 (data not shown).

Although many European vine-growing regions do not
have significant precipitation trends (Ramos et al. 2008,
Mocthling et al 2012) in this study, a significant negative trend

was detecied for precipimtion, with a 1,94 mm/year and a
118. 16 mm iotal trend decrease with high anmal variations
over growing season period (Table 1; Fig. 2c). These findings
are consistent with other authors, focused on Ialy (Bronett
et al. 200{h and on Halian region Emila-Romagna {Aniolind
et al. 2016). Additionally, the positive DST trend with
0015 days/year and 933 days in ital revealed possible longer
drought periods over the growing season in the future
{Table 1; Fig. 3d). The breaking point for both otal precipit-
tion and DSI eecurmed in 1996 due to the mentionoad abrpt
anomalies in the large-scale circulation patterns | data not
shown).

The 51 valwe showed a significant negative trend with high
variation before the 2000s and minor amplitude in dwe past
10 years (2004—2003) (Fig. 3c). The inial negative tend of

Tahle? Demcriptive stusictics, ME test, and PT test agylied 1o potential akn hal com centration in wine (200 1-2017) and grpe producsian( 1952 -2017)

in the Romagna Sangiovess apps lation aren (Tahy)

Man Sl dew. ME plavel ME trand yer ' MEK total trend PT plevel PT breaicing point
Potential alaohal [% w4 10.30 0s o4 o7 0E: LI b 2006
Gmpe production [ 21647  4BGS9 <001 149 1807 D0 1997
) Spwinger
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the ST was (.73 mm *C" ", while the annual decresse was
001 mm T (Table 1). The mean value of S1 during the
studied period was 202 mm ', a value acually considered
as 3 nrmal hydric regime. The crifical point for homogensity
lieat oocurmed in 1981 (dats not shown).

3.2 Grape prod wcton

Girape production showed a significant increasing rend of
33.49 tons'year and | 038.07 tom] tons during 31 years
(1982-2012), (Tale 2, Fig 4a). Low valwes of adjusied B
obtained from nultiple lingar regression approach (Tahle 3)
elucidaied low inpact of computed climatic variables on in-
creasing grape production, suggeding that variables uncov-
ened by this smdy, such a5 hushandry improvement {e.g.,
drainage, posticides, canopy management, fertil zers) and soil
characteristics, might have predominant influence on grape
yield in the Romagna Sangiovese appellation area during last
3D years. The influence of climate change may be
underestimated as the upper level of 00 in the atmosphere
increases crop load (Bindi et al. 1996; Schuliz 2000,
Moutinho-Fereira et al 200% Kizildeniz et al 2015), whose
effoct may be relevant particulary after the 1970s due to the
rapid increasing in e level of CO (TPCC 2014). Cutting
point of ncreasing grape production detecied in 1997 and
docreasing precipitation variahles (T... and DSI) breaking
point in 1996, implics higher yield with low or water availabil-
ity which is opposite with other studies (Famos and Martinez-
Casmsnowvas 2010). Therefore, low influence of calculaied

climate variables on grape prodec ion, obtained with muliple
lincar regression is supportad by breaking point analysis.

The negative trend of the standardized ND 2530 °C re-
gression coefficient, which is relaied to the optimum temper-
ature range for phosynthesis process, sugpested negative
impact on grape production; in other wonds, docrease of days
with optimum Eemperatune range may negatively affect cop
load due to the reason hat temperatune increase leads to initial
plant stress (several days exceeding =30 *C) and later to the
tntal inhibition of the photsynthetic process (=35 *C).

T tandardized cocfficient obtined with multiple lincar
mdeling, sugpested a positive influence on crop load in the
Romagna S angiovese appell ation area during the last decades.
Similar resuls were found in the Riss Baias wine region,
Spain, whereas higher temperatunes during the budburst and
wveraison significantly increased crop yield (Lorenzo et al
2012, In the Bordeaux (France), higher temperatunes shaort-
emid period from plant budburst to bory matrity indo length
favorable for higher yield (Tonos and Davis 20000 Reversely,
wing production decreased during warm seasons in the
Penedis wine region, Spain (Ramos et al. 2008). Resuli from
the mentionod stidies indicate that positive/negative effect of
the increasing tenperaiune on the crop yield depends also on
procipitation, atmospheric 002 level, grape variety, and other
faciors. Even if deiecied in the Romagna Sangiovese appella-
tion anea, Emporalne increase may positively influence crop
load up to a certin point, due to the detrimental influence of
heating siress on grapevine phobsyntetic prooss.

DS standardized coefficient suggested that increasing
number of days without rain (<1 mm) and longer drowght

Tehle} Sondwdired cosfficients, standerd emors, adjosted £, and p level of mukiple linear regression modeling appl isd 10 grape paodoation éoms)
mnd hioolimatic indices. fiommd in the Romagma Sangiovess appedlation ara (Tady) fiom 1982 o 2012

T Da N 25-30 °C Adjosted plevel

Fandirdizad wefficiens 055 042 209 021 028
Sandard ezor 021 0.17 021
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Tahle d Sondudizd cosficients, stndwrd amos, adosed .Ez.,ﬂﬂp
leved of mmltiple | inear regeessi on modeting applied to mtml yocowring
alcohal comient in Sangiovese red wines and biodimatic indices in e
Romagma Sangiov e appellation are (Tiad vy fom 2001 @301 2

HI DSl Adused B plevel
Sandurdived mefficiens Q14 084 081 0.0002
Sandard ezor @15 ols

periceds may reduce soi water availability causing drowght
siress to the grape vine, which negatively affects grape produc-
tiom { Ramos and Martinez-Casaawovas 2010).

313 Potentlal alcohol conce ntration

Maturally eocurring alcohol conient in Sangiovese red wines
showed a significant increasing trend with 007 % (w/v)fivear
and B3 % (W) overa 1 2-year period (2001-2012) (Table 2,
Fig. 4.

In conirast to grape production, the high valwe of adjusted
Ril[ﬂ.El) appests a large contribution of caleulated climatic
varighles a5 a driver of increasing potential ale ool content in
rod wines from the Romagna Sangiovese appellation anea
(Table 4). The rest of the variables may be explaned with
consumer ¢ Xpoctations in terms of Tull bodied, deeply coloned,
full-flavored red wines achieved with phenolic maturity, both
akin and seed, which compels producers to prolomng meatra-
tion of te grapes and incresse the quantity of accunmlated
sugar in the grapes( Garcla-Martinetal 2000 Giletal 2013).

The increase of DST coupled with decnease of STand T,
(et i ncorporated in e model due highco-linearity with TiST)
sugpestod a positi ve impact on polental alcohol increase, pos-
sible only up t0 & cortain limit. Moderate water stress may
positively affoct sugar accunmlation in e bery as a result
of inhibiting lateral shoot growth allowing ransportation of
carbohydrates to the fruit {Coeombe 198%. Pond et al (2007)
conducted partial reotzone drying on poitted Sangiovese
grapevine, simulating dry (FRD) and wet conditions { WW),
whereas af harvest, vines submitted i PFRD showaed higher
intal spluble solids respect © the vines treated with WW.
Awthors noled that use of potted vines approach may induce
criticiam due i fwe lack of neal field conditims.

Compared i DSL, HI regression coefficient suggestod low-
er impact o poiental aloohol in wines. Detecied higher tem-
perabures and thermal accumulation may lead to earlier occur-
rence phenological siges (ie., bud-breaking, flowering,
veraison, finl] maburityharvest) (Webb et al. 2007) and shorier
time betwoen two phenological phases (Jones et al 20d05a).
Additionally, the combination of reduced procipittion with
wanming may provoke even faster passage through phenolog-
ical stages of the vine (Webb et al. 2013). This accelerated
pace of phenological evenis causes fasier sugar accumulation
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Fig. § Gmowing season trands of Hoglin index (HI), potential alaohal
level in Sangiovess wines {potential alachal), dry spell index (ST}, and
il precipitation (T} in the Romagna Sangiovess appdlation arem
(Taly) fiom 2001 &0 2012; med Boe potential alonhao brealdn g point

and causing grapes iy arive earlier at tochnological maturity
{optinum guantity of sugar content and acidity), while flavor
compounds remain undevelopod. On the other hand, if vine
growers wait for flaver compounds to develop, acidity values
may reacha below optinum level due i the respiration, while
sugar content reaches a higher than optimum level (Jomnes
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2012). Therefore, producing wines wit fully developed fla-
wir and is often coupled with a high concentration of aloohol
However, positive relation is possible wp to the cortain point
due o photosynthesic process lim itations.

Bresking point of naturally cccuming aleohol level in
wines oocurmed in 2006 (Fig. 5). Hypothesis of reduced pre-
cipitation regime (DS1, T..) coupled with increased temper-
ature accumulation (HI) in the period after breaking point
(2007-2012), comparing to te period before breaking point
(2001-2006, with an exception of hot and dry 2003), may
serve as an explanation. These pre liminary results requine fr-
ther and continwous monitoring to evahaie long-em e ffocts
ofclimaie change on grape and wine paramaers.

4 Conclusions

Owerall, the Romagna Sangiovese appellation area has
boon affocted with weather anomalies in large-scale circu-
lation patterns during the 1980s (Westerlies regimes ).
During the period from 1953 to 2013, the mean growing
scason emperature was 18.49 °C, with night temperatures
during the ripening months of 1366 *C. The increasing
T trend was rather due to a rise in maximum daily
temperatures than augmentation of minimum tempera-
tures. The precipitation and SI had a negative trend owver
the growing scason with high annual varations, Multiple
linearanalysis coupled with break ing point test, displayed
low impact of calculaied bioclimatic ndices on increase
of grape production in the Romagna Sangiovese appella-
tion area, also indicated that variables uncovered by this
stdy, such as hushan dry practices and 20il characteristics,
might kave a significant role in grape yield determination.
Using the same approach, the increase of poiential alcohol
lewel in wines during 20022012, was largely explained
(81 %) by conducied climatic variables, whereas precipi-
tation decrease showed higher comrelation with increasing
potential alcohe] content in wines respect to the rising
temperatures. These preliminary results reguire further
and continuous monitoring and to evaluate long-em ef-
fects of climate change on grape and wine parameters in
the Romagna Sangiovese appellation area

Adkmnwinlgemsemnis  The anthom admo wisdg = the E-OBS detsset from
the ELLFP4 project ENSEMBLES fhitige armemh les = mednff o onmi)
the data peovidess in ghe BCA and D project fhitpelfowowsmd s} The
mthors also acimowledge Edibor Alessandro Mmmaghesti for giving
pomission 0 uee 3 map in the anticle and andhitect Mars Martins for
ey comiribe tion.
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5 Techniques to adapt of wine industry to the climate change

5.1 Introduction

It is well-established that in terms of quantity and quality grape production is strongly affected by climate
conditions (Jackson and Lombard, 1993; Mira de Ordufa, 2010). Through vast number mutual
interaction between indirect and direct climate variables (temperature, precipitation, UV-B radiation, air
CO, concentration), grape growing areas could differ according to climate conditions on regional, local,
vineyard or even row and plant level. The complexity of these interactions is augmented with accelerated
climate change during the last decades, which are caused by human activities to a great extent (Fig. 1.1).
All together results in a wide range of differences between grape/wine producing areas in terms
challenges and problems that wine industry need to confront.

Nowadays, challenges that wine industry needs to confront in changeable climatic conditions are often
presented as crop load reduction, production of unbalanced wines with excessive alcohol and lower pH,
reduction of anthocyanins in grape berries and wine, lower must acidity (see 4.1.1-4.1.6) etc. Among all
mentioned challenges, redundant ethanol level in wines draws a significant attention to wine industry due
to the fact that ethanol is the second most abundant wine component thus variations in ethanol content
could cause diverse microbiological, technological, sensorial and financial implications (Mira de
Orduia, 2010). In particular, the increase of grape total soluble solids content at harvest may cause
slow/stuck alcoholic fermentations during hot years (Coulter et al., 2008), which could be even more
expressed in the production of organic or biodynamic wines where producers rely on fermentation with
spontaneous yeasts instead of commercial yeasts. Higher alcohol concentration could also alter wine
sensory features due to the ethanol’s tendency to increase bitterness perception (Nurgel and Pickering,
2006; Sokolowsky and Fischer, 2012; Vidal et al., 2004; Villamor et al., 2013), suppress the
perception of sourness (William 1972), reduce astringency perception (Vidal et al., 2004; William,
1972), add ‘irritant’ (heat) sensation (Nurgel and Pickering, 2006; Villamor et al., 2013; William,
1972), elevate woody and spicy aroma/flavour (Villamor et al., 2013) suppress fruity, floral and caramel
aroma/flavour (Villamor et al., 2013). Excess of alcohol in wine is also not desirable due to the harmful
effects on the health and behaviour of consumers (Catarino and Mendes, 2011), which forced many
countries to regulate civil restrictions related to legal limits of maximum ethanol content in human blood
during driving, or minimum age limits required for purchase of alcohol-drinks (Le Berre et al., 2007).
Moreover, in the USA winemakers need to pay additional taxes if the wine contains more than 14.5% v/v
of alcohol (Massot et al., 2008). Recently, consumers showed a preference for wines with lower alcohol
content (between 9% and 13% v/v) (Massot et al., 2008).

Thus, certain adaptation techniques to reduce ethanol content in wines need to be applied to mitigate the
influence of the climate change. By regulation of the International organization of vine and wine (OIV)
ethanol content in wine generally should not be less than 8.5 % v/v. In certain specific cases when
considering climatic conditions, soil or grape variety, specific qualitative factors or traditions related to
producing process, ethanol content can be down to 7 % v/v or even less when allowed by the Code (O1V,
2015). The example of specific cases is Italian sparkling white wine Moscato d’Asti, produced in the
Piedmont with ethanol content reaching only 5.5% v/v. Reversely, maximum ethanol content is not
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regulated by OIV, thus in specific cases of fortified wines such as Port, Marsala, Madeira and Sherry,
ethanol content could reach ~20% v/v. Allowed dealcoholization was initially set by the European
Commission at a limit of 2% v/v, irrespective of the initial alcohol level (EC, 2009), whereas the limit
was recently changed to 20% v/v of the initial effective alcohol content (EC, 2013), thus allowing higher
wine ethanol reduction for wines with more than 10% v/v alcohol. Adaptation techniques to remove
excessive alcohol can be divided into four principal groups: (i) viticulture techniques, (ii) pre-
fermentation techniques, (iii) biotechnological techniques and (iv) post-fermentation techniques.

5.1.1 Viticulture techniques

5.1.1.1 Late winter pruning

Winter pruning is primarily conducted to regulate grapevine yield, vigor and berry composition in the
dormancy period (after leaf fall and before bud burst) (Frioni et al., 2016). However, when winter
pruning is applied after bud burst it may be used as a technique to delay the timing of harvest and to
reduce the concentration of soluble solid in berries. This is due to nutrition competition between
inflorescence primordial on the basal shoots (retained after winter pruning) and inflorescence primordial
on the shoots in the upper part of cane (removed after winter pruning) (Palliotti et al., 2014). In
particular, application of late winter pruning before full flowering on cv. Sangiovese grapes during two
seasons (2013-2014) caused significantly lower must sugar content (1.6°Brix), higher must titratable
acidity concentration (1.8 g/L), higher must anthocyanins and phenolic concentration but also
significantly lower grape yield (Frioni et al., 2016). However, same authors reported that when treatment
was applied after in the period close to full flowering (50% of flower caps fallen) no grape yield was
obtained, thus application timing has a key role on the determination of final outcome (Frioni et al.,
2016).

5.1.1.2 Shoot trimming

The synthesis of sugars takes place in leaves which are afterwards transported via phloem to grape berries
(see 4.1.2). Thus, regulating the leaf area and fruit mass ratio (LA/FM) with the application of shoot
trimming may be used to reduce the concentration of sugars and/or slow-down sugar accumulation in
berries and prevent earlier harvest. This was reported in a recent study that investigated the influence of
shoot trimming after fruit set on cv. Grenache grape composition during three seasons (2010-2012),
whereas sugar concentration was lower by ~3°Brix when compared to the control. However, shoot
trimming also caused a reduction in anthocyanins by 10%, pH by 0.1 and bunch weight by ~10%
(Martinez De Toda et al., 2013). Other study investigated the impact of post-véraison shoot trimming on
cv. Sangiovese grapes during two seasons (2011-2012) and reported a significant decrease of total soluble
solids (1.2°Brix) while grape composition parameters (e.g. pH, titratable acidity, anthocyanins) and grape
yield did not differ significantly (Palliotti et al., 2013). Stoll et al. (2010) reported a delay of harvest
timing by 20 days, sugar reduction in berries (~4°Brix) and berry weight reduction (~9%) by application
of shoot trimming after fruit set on cv. Riesling grapes. Therefore, these findings are indicating that effect
of shoot trimming on berry composition and grape yield depends on many different factors such as
variety, vintage, climatic factors, timing and severity of application (Palliotti et al., 2014).
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5.1.1.3 Defoliation

Defoliation is another technique that regulates LA/FM, thus it may be used to reduce sugar content in
grapes. In particular, Poni et al. (2013) studied the impact of leaf removal applied on cv. Sangiovese
grapes and reported a significant reduction of must total soluble solids (1.3-2.4°Brix) and total acidity
(~0.7-0.9 g/L) with a lack of differences in other yield and other grape composition parameters (e.g.
anthocyanins). However, the final outcome may not be always positive e.g. significant decrease of sugar
content in berries without significant differences in yield and other grape quality parameters. In fact,
partial defoliation applied on cv. Istrian Malvasia grapes caused reduction of grape yield and the increase
of sugar content in berries (Bubola et al., 2009), which is controversial to previously cited study.
Therefore, similarly to shoot trimming the effect of defoliation on grape yield and berry composition
depends on several variables.

5.1.1.4 Late irrigation

Irrigation of plants in the period after véraison, especially when combined with shoot trimming could
cause reduction of sugar accumulation. This is due to nutrients competition between grape berries and
lateral shoots which are plant response on shoot trimming and applied irrigation (Palliotti et al., 2014). In
particular, with the application of later irrigation after véraison sugar content of cv. Cabernet Sauvignon
grapes was reduced without differences in phenolic profile and wine quality (Fernandez et al., 2013).
Other author, reported only a minor reduction in sugar content of cv. Cabernet Sauvignon grapes when
irrigation was doubled during the ripening period of a hot season (McDonnell, 2011).

5.1.1.5 Growth regulation via hormones

Berry growth and accumulation of sugars may be regulated by different hormones which are stimulating
or inhibiting these processes. Bottcher et al. (2011) investigate influence of 1-naphthaleneacetic acid
(auxin) treatment when applied in pre-véraison period on cv. Shiraz grapes which resulted in slower berry
development, increased berry size, improved synchronicity of total soluble solids accumulation and lack
of differences in wine sensory. Other study reported that application of brassinazol and 1-
methylcyclopropene inhibitors of epi-brassinolide and ethylene formation (growth hormones),
respectively can slow-down growth process (Symons, 2006). Sugar content may be regulated also by
application of synthetic forchlorfenuron (cytokinin) on table ‘Flame Seedless’ grape with following
effects of berry mass increase and berry color reduction (Peppi and Fidelibus, 2008). Even if effective,
the utilization of growth hormones is strictly regulated and often forbidden due to the uncertainty of
results and partial understanding of physiological process regulation (Palliotti et al., 2014), thus more
studies need to be conducted to reveal the entire impact of these growth regulators on berry development
before full-commercial exploitation.
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5.1.1.6 Shading

Application of shading is a technique which could be used to mitigate plant heat stress, reduce berry sugar
accumulation and slow-down berry development. For example, leaves shading was applied during two
seasons (1987-1988) in cv. Cabernet Sauvignon vineyard resulting in a lower sugar content (~1°Brix),
higher pH value and different wine aromas when compared to control treatments (Morrison and Noble,
1990). Recent study, investigated the influence of several shading nets treatments applied in cv. Shiraz
vineyards and concluded that overhead shading resulted in a lower berry sugar content due to lower water
loss and a lower wine alcohol level. However, with phenolic compounds and wine color differences when
compared to control (Caravia et al., 2016). Application of shading nets doesn’t necessarily involve a
significant decrease of grape sugar content, Basile et al. (2015) reported a minor decrease (at the best
0.6°Brix; 90% shading) of total soluble solids content in cv. Aglianico grapes. Grape sugar decrease was
followed with differences in grape yield, lack of differences in must pH value and must total acidity when
compared to control treatment (Basile et al., 2015). Thus, shading seems as a promising technique to
reduce wine alcohol level in wines certain cases. However, further clarifications related to the appropriate
timing of application, duration of shading and shading placement (whole plant, specific areas of a vine)
are required to fully understand the influence on the final wine quality (Palliotti et al., 2014).

5.1.1.7 Early harvest

Early harvest is a simple technique which can be used to reduce total soluble solids in grapes. It is may be
achieved by blending of grapes and collected at different maturity stage (e.g. véraison and full maturity)
and fermentation of obtained must mixtures. Kontoudakis et al. (2011a) reported that of mixing low-
alcohol wines (~5% v/v ethanol content) obtained with grapes harvested at véraison and must of grapes
harvested at full phenological maturity resulted in final wine alcohol level reduction of 0.9%, 1.7% and
3.0% v/v in Cabernet Sauvignon, Merlot and Bobal wines, respectively. This wine alcohol reduction was
followed with the increase of wine total acidity and the slight increase of total anthocyanins in wines
produced from mixture when compared to wines produced only with grape at full phonological maturity.
However, through the sensory evaluation, judges were able to detect significant differences in Bobal
wines between two mentioned trials (most likely due to excessive acidity). On the other hand, lack of
differences was reported for Cabernet Sauvignon and Merlot wines (Kontoudakis et al., 2011a). Similar
results were obtained from the study, whereas mixing of cv. Tempranillo grapes harvested at véraison and
full phenolic maturity caused the production of wines with lower alcohol level and ‘good’ acidity
(Martinez De Toda and Balda, 2011).

5.1.2 Pre-fermentation techniques

5.1.2.1 Nanofiltration

Nanofiltration is a technique based on physical separation of grape must on a high-sugar fraction
(retentate) and low-sugar fraction (permeate) by utilization of semi-permeable membranes with pores size
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from 1 to 10 nm. This technique is often used to remove excessive alcohol reduction from wines.
However, nanofiltration can also be used for sugar removal from grape must which will afterwards result
in the production of wines with a lower ethanol level. In that regard, Garcia-Martin et al. (2010)
investigated possibilities to use two-step nanofiltration for removal of excessive sugar content in one red
and white grape variety, cv. Tinta de Toro and cv. Verdejo, respectively. The best balance between color,
phenolic compounds, aroma compounds losses and sugar content removal was achieved by mixing the
second permeate and untreated must (T+P2), resulting in lower ethanol level of produced wines by ~1.8—
2.5% vlv (Garcia-Martin et al., 2010). A recent study investigated the possibilities to used one-step and
two-step nanofiltration in order to remove excessive total soluble solids in red cv. Granacha and white cv.
Verdejo grape variety (Salgado et al., 2015). After grape must filtration, two-step nanofiltration of red
wine showed the best results, obtaining wines with ~1.4% v/v lower ethanol level, minor differences in
other wine quality parameters and lack of differences in sensory analysis results (Salgado et al., 2015).
Nanofiltration is offering a promising results and can be applied to reduce excessive ethanol level in
wines, however in certain cases (Salgado et al., 2015), grape must need to be pre-filtered in order to
avoid rapid foul of membranes, thus entire process might become time-consuming and uneconomic
(Longo et al., 2017).

5.1.2.2 Ultrafiltration

Ultrafiltration is another membrane-based technique that utilizes semi-permeable membranes with bigger
membrane pore size (10-100 nm) allowing separation of grape must on a high-sugar fraction (permeate)
and low-sugar fraction (retentate). Cassano et al. (2008) investigated the possibilities to clarify must of
white cv. Verdeca grape variety by utilization of cross-flow ultrafiltration. The must processing under
different transmembrane pressure conditions resulted in total suluble solids reduction up to 1.8°Brix, but
also decrease of total phenolics up to 30% and a slight increase of tartaric acid content (up to 0.12 g/L)
(Cassano et al., 2008). Similarly to nanofiltration, grape must need to be pre-filtered to allow effective
filtering which is a down side of this technique (Longo et al., 2017).

5.1.2.3 Dilution

Water addition and following dilution of grape sugar content and afterwards lower wine alcohol level is a
simple technique. However, water addition dilutes also other wine compounds which is a down side of
this technique. Water addition is not allowed in all countries (e.g. Italy, France) while certain countries as
USA (Bisson, 1999) and Australia (Varela et al., 2015) permitted utilization of water. Harbertson et al.
(2009) reported that water addition (~18% v/v) and partial removal of cv. Merlot grape must (~18% v/v)
resulted in 4°Brix sugar content reduction compared to initial high sugar content must (28°Brix) and
resulted in the production of wines with similar phenolic content and aroma attributes as control (only
water addition ~18% v/v).

100|Page



5.1.3 Biotechnological techniques

5.1.3.1 Genetic modification organism

During the last years, possibility of genetic modification organism (GMO) application is progressively
wider. Genetic modifications can be also applied to Saccharomyces cerevisiae (Sc) yeasts cells, altering
the genome and redirecting metabolic flux away from ethanol production towards the production of other
compounds (e.g. glycerol, acetic acid) (Kutyna et al., 2010). In particular, over-expression of certain
genes (GPD2) caused a decrease of alcohol level in Chardonnay wine by ~0.75% v/v and the increase of
glycerol (de Barros Lopes et al., 2000). However, significant production of acetic acid was also detected
which was confirmed by sensory evaluation (de Barros Lopes et al., 2000). Genetic modifications
approach may be also used to produce transgenic strains of Aspergillus niger and Sc which are able to
produce glucose oxidase (not existing in Sc) (Malherbe et al., 2003). Afterwards, transgenic strain may
reduce ethanol level up to 2% v/v (Malherbe et al., 2003). However, glucose oxidase converts glucose to
gluconic acid and hydrogen peroxide which may have a negative impact on wine quality parameters
(Varela et al., 2015). As it is possible to conclude, genetic modifications and GMO are offering endless
possibilities to regulate fermentation process. However, public restrictions to use GMO are down side of
this technique.

5.1.3.2 Non-Saccharomyces cerevisiae

Saccharomyces cerevisiae is the most common specie used for the fermentation of grape must due to its
relatively high resistance to ethanol, relatively low production of undesirable by-products (e.g. acetic
acid), good fermenting capacity in high-sugar must conditions, ability to metabolize all sugars from grape
must etc. However, without genetic modifications ethanol yield among strains of this specie seems to be
approximately the same, even if certain variability may be found among wild isolated of Sc (Ciani et al.,
2016). Therefore, to reduce alcohol level in wines, many studies were conducted aiming to find
appropriate alternative yeast specie which may be utilized for must fermentation. Reduction of ethanol
content in wines is achieved by differences in production of by-products (e.g. glycerol, acetic acid) or
biomass synthesis during fermentation of alternative species when compared to Sc (Ciani et al., 2016).
Candida zemplinina (Cz) (synonym Starmerella bacillaris) is one of the species that may be used to
reduce alcohol level in wines. Apart from lower wine ethanol level up to 2% v/v when compared to Sc
fermentation (Englezos et al., 2016a), wines produced with whether only Cz or combined Cz and Sc may
be characterized with higher glycerol production, higher acetic acid production, changes in aromatic
profile e.g. lower isoamyl alcohol or 2-phenylethanol concentration (Englezos et al., 2016a, 2016b;
Giaramida et al., 2013; Romboli et al., 2015; Sadoudi et al., 2012). Saccharomyces paradoxus (Sp)
may also be used to reduce ethanol level in wines up to 0.35% v/v when compared to Sc (Orlic et al.,
2007). Fermentation with Sp may also be followed by higher malic acid consumption, higher glycerol
production, lower production of ethyl acetate and isoamyl acetate (Orlic et al., 2007; Redzepovic et al.,
2003) etc. As an alternative to Sc for excessive alcohol removal, Torulaspora delbrueckii (Td) may serve
as a solution. Several studies reported that utilization of Td as single specie or combined with Sc in
fermentation, wine ethanol level may be reduced up to 0.4-0.5% v/v. These fermentations may be as well
followed with lower malic acid content, higher volatile acidity and glycerol or different aromatic complex
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in wines when compared to wines obtained with single Sc fermentations (Loira et al., 2015; Puertas et
al., 2017; Ramirez et al., 2016; Sadoudi et al., 2012). The potential yeast species to remove excessive
wine alcohol whether as single culture fermentation or coupled with Sc could be also Candida stellata
(Contreras et al., 2014b), Metschnikowia pulcherrima (Contreras et al., 2014a, 2014b; Sadoudi et al.,
2012), Saccharomyces uvarum (Contreras et al., 2014a), Lachancea thermotolerans (Gobbi et al.,
2013) etc. Due to high diversity of potential alternatives to Sc this technique seems as a promising
solution to address the production of wines with lower alcohol level and good sensory characteristics.
Furthermore, this technique is inexpensive and simple.

5.1.4 Post-fermentation techniques

5.1.4.1 Nanofiltration

Nanofiltration as a post-fermentation technique works on a similar principle as for pre-fermentation
technique (see 5.1.2.3), whereas by wine processing two fractions are obtained after separation, the high-
ethanol fraction (permeate) and low-ethanol fraction (retentate). Similarly to all membrane separation
process that have goal to reduce alcohol level in wines, the efficiency of nanofiltration depends on
mixture of factors such are ethanol rejection coefficient, other wine compounds rejection coefficient (e.g.
aroma compounds, acids, phenolic compounds) permeate flux, operating conditions (e.g. temperature,
pressure, time) and membrane characteristics (e.g. material, pore size). In that regard, Catarino and
Mendes (2011) conducted a study aiming to evaluate the efficiency of several nanofiltration membranes
by regulating several of mentioned factors. Authors concluded that certain membranes may be used for
the production of low-alcohol wines, especially if nanofiltration is combined with pervaporation
(Catarino and Mendes, 2011). However, this additional equipment (e.g. pervaporation) may increase
initial investment which is a down side of this combined approach. Other study reported that utilization of
nanofiltration as a single technique may decrease ethanol content until 8% v/v which is followed by less
than 15% w/v aroma compounds content decrease (Labanda et al., 2009).

5.1.4.2 Reverse 0Smosis

Reverse osmosis is a similar technique to nanofiltration and requires utilization of semi-permeable
membranes with smaller pores size (0.1-1nm) when compared to nanofiltration. Thus reverse osmosis
requires higher operating pressure and higher energy consumption when compared to nanofiltration which
is one of the down sides of this technique (Goncalves et al., 2013). Other down sides of reverse osmosis
may be related lower permeate flux when compared to nanofiltation (Catarino and Mendes, 2011).
However, several studies reported that utilization of reverse osmosis may be used for partial
dealcoholization of wines (~2% v/v reduction) with hardly detectable sensorial differences (Gil et al.,
2013) and with lack of differences in phenolic compounds content (Bogianchini et al., 2011) when
compared to original wines.
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5.1.4.3 Pervaporation

Pervaporation is another membrane technique, however comparing nanofiltration and reverse osmosis
membrane, pervaporation needs utilization of hydrophobic membranes which are not allowing liquid (e.g.
wine) passage through membrane pores. Instead, ethanol and other wine volatile compounds (e.g. aroma
compounds) are partially evaporating on relatively low temperatures (~40°C) and migrating through the
membrane as a vapor due to differences in a partial pressure created by the vacuum on the other side of
membrane. Vapor rich in ethanol and with a certain amount of aromatic compounds is afterwards
condensed (Takécs et al., 2007). Tak&cs et al. (2007) evaluated possibilities to apply pervaporation as a
technique to remove ethanol content from Tokaji Harslevelt wines and concluded that working
temperature plays a key role on the process efficiency, whereas 40°C was optimal to produce almost free
alcohol product that matches organoleptic characteristics of a wines. Authors are also pointing the down
side of this technique which is related to high initial economic investments (315k€) (Takécs et al., 2007).
Other study, investigated the possibility to use pervaporation in combination with nanofiltation to remove
excessive ethanol from a red wine, whereas high-quality low-alcohol wines were produced (Catarino
and Mendes, 2011). However, initial economic investments are most likely even higher when compared
to single pervaporation technique.

5.1.4.4 Evaporative perstraction

Evaporative perstraction or also called osmotic distillation is a technique like pervaporation that use
hydrophobic membranes, whereas separation of volatile compounds (e.g. ethanol, aromatic compounds)
from the liquid (e.g. wine) is achieved by vapor pressure gradient between two sides of the membrane.
Differences between two techniques are utilization of water that flows as stripping fluid in contra current
on membrane side opposite to wine, and absorbs volatile permeate compounds. The up side of this
technique is the fact that solubility of aroma compounds is higher in wine (feed fluid) when compared to
pure water (stripping fluid), so the transfer of aromatic compounds in the water phase is limited (Diban et
al., 2008). Thus, evaporative perstraction may be used for production partially dealcoholized wines (2%
v/v removal) with good sensory characteristics. In fact, Diban et al. (2008) reported that despite certain
aroma compounds losses in Merlot wines during the partial alcohol removal (2% v/v), there was a lack of
differences in wine sensory characteristics. Other studies also reported lack of difference in wine sensory
characteristics as well (Liguori et al., 2013; Lisanti et al., 2013), but also in volatile acidity, organic
acids concentration, total phenolic content and color (Liguori et al., 2013a) in Aglianico wines once
ethanol content was removed up to 2% v/v. However, Lisanti et al. (2013) also reported that differences in
wine sensory characteristics were noticeable once ethanol content was reduced by 5% v/v, indicating that
this technique might be suitable only for ‘mild’ ethanol removal from wines (up to 2% v/v). In fact, total
dealcoholization (0.2% v/v remaining ethanol content) of Aglianico wines by evaporative perstraction
caused reduction of aroma compounds by 98% (Liguori et al., 2013b). Another study also reported a
significant aroma compounds losses (44—70%) in red wine once ethanol content was reduced up to 38%
(Varavuth et al., 2009).
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5.1.4.5 Spinning cone column

Spinning cone column is based on the production of low-alcohol wines in two steps. The first step
presents dearomatization of wine in spinning cone column under vacuum and low temperatures (26°C).
The products of the first step are the gas fraction (stripping agent and volatile compounds) and liquid
fraction (dearomatized wine). The second step presents ethanol removal from the dearomatized wine in
spinning cone column at equal pressure and slightly higher temperature (~30°C). Dealcoholized and
dearomatized wine is afterwards mixed with aromatic fraction to obtain lower-alcohol level wines
(Belisario-Sanchez et al., 2012, 2009). Lower alcohol level wines produced by a spinning cone column
may have acceptable antioxidative ability, phenolic compound content (Belisario-Sanchez et al., 2009),
and aromatic compounds content when compared to raw wines (Belisario-Sanchez et al., 2012).
However, spinning cone column has a high demand of energy when compared to other techniques related
to physical removal of ethanol (e.g. evaporative perstraction) which is down side of this technique (Diban
etal., 2013).

5.1.4.6 Vacuum-distillation and supercritical CO, extraction

The combination of vacuum-distillation and supercritical extraction with CO, may also serve as technique
to remove excessive alcohol from wine. The working principle is based on two-step processing. The first
step presents vacuum distillation at a certain temperature range (24-28°C) and high vacuum (35-50mbar)
that separates wine on a low-volatile fraction (wine base) and high-volatile fraction (alcohol and volatile
aromas) due to differences in boiling temperatures. The second step presents supercritical CO, extraction
at high pressure (80—100bar) and certain temperature range (25-35°C) that separate high-volatile fraction
on liquid ethanol-water mixture and gas mixture (CO, and aromas) due to differences in extraction
features. The gas mixture is afterwards adequately separated and aromas added into wine (Seidlitz et al.,
1992). As for the majority of post-fermentation techniques down sides are certain sensorial differences
that may occur due to partial removal of aromas and aimed ethanol removal (Medina and Martinez,
1997) and a high capital cost of the process (e.g. high-vacuum distillation) (Schmidtke et al., 2012).

5.2 Application of late winter pruning on cv. Sangiovese grapes from organic
management and its impact on berry composition

Tesli¢, N., Versari, A. 2016. Effect of late winter pruning on Sangiovese grape berry composition from organic
management, in: Ventura, F., Pieri, L. (Eds.), Proceedings of the 19" conferences of ltalian associtation of
agrometeologists: New adversities and new services for agroecosystems. University of Bologna, Bologna, Italy, pp.
131-134

Organic grape cultivation and winemaking need to be performed under stricter rules compared to a
conventional approach. Therefore, application of many excessive alcohol removal techniques which are
allowed in conventional winemaking (e.g. nanofiltration, spinning cone column) is prohibited (EC, 2012).
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However, certain techniques are allowed in both approaches (e.g. late winter pruning). Thus, later winter
pruning may have a paramount importance for organic farming since it may serve as a possible technique
to reduce grape sugar content and wine alcohol level. The possibility of slowing down berry sugar
accumulation by using late winter pruning was elaborated under viticulture techniques (see 5.1.2.1),
whereas all cited studies were conducted on grapevines cultivated conventionally. To our best knowledge,
there is a lack of information in literature related to late winter pruning application on Vitis vinifera from
organic farming. Therefore, in presented experiment late winter pruning was applied on cv. Sangiovese
from organic farming, aiming to reduce total soluble solids in berries at harvest period.

5.2.1 Materials and Methods

5.2.1.1 Vineyard management

The experiment was conducted during the vintage 2015, in a mature vineyard of cv. Sangiovese (clone
FEDIT 30 ESAVE), trained to Cordon du Royat, grafted on Kober 5BB rootstock and with a 2.8 m x 1.0
m vine spacing (3,571 plants/ha). The vineyard is located in Tebano (44°17'7" N, 11°52'59"E, Faenza,
RA, Italy), in a medium hill slope (117 m a.s.l.), with south-east/north-west and downhill oriented rows.
Since 2007, the vineyard was managed as organic in accordance with the European Council Regulations
(EC, 2007). Also starting from 2007, no irrigation and no fertilizers have been applied. The vineyard was
protected from diseases and pests, using products for organic farming allowed by the European Council
Regulations (EC, 2002).

5.2.1.2 Design of experiment

The experiment was consisted of 3 trials that were performed in a block-randomized experimental design:
Trial 1 (T1- control) —winter pruning applied in December, BBCH=0 (for BBCH scale see Appendix D);
Trial 2 (T2) — winter pruning applied in March, BBCH=0;

Trial 3 (T3) — winter pruning applied in April, BBCH=12.

All trials were applied in 3 replications for 3 experimental plots, thus each trial included in total 9 vine
samples (27 vine samples for all trials). The randomized blocks used for the experiment were in one row
on the vineyard border and were spread along entire row. Selection of the plants within same block was
made according to health condition and plant age, whereas plants more uniform according to these
parameters were chosen for examination.

5.2.1.3 Vine development, berry composition and grape yield analysis

The vine development and occurrence phenological stages (e.g. bud burst) were monitored by one person
during the growing season with a BBCH scale (for BBCH scale see Appendix D). It was considered that
bud burst occurred when green shoot tips were clearly visible on 50 % of buds (BBCH=8), flowering
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when 50% of flowerhood were fallen (BBCH=65), véraison when 50% of bunches were colored
(BBCH=83) and harvest when fruit reached maturity (BBCH=89).

Starting from véraison occurrence until the harvest, sampling was performed five times for each trial and
in each experimental (9 samples in total). For each sample approximately 100 berries were randomly
collected from the top, middle and bottom of the clusters to obtain berry composition parameters as
followed: berry weight was measured with technical balance (Gibertini Elettronica S.r.l., Milan, Italy),
sugar content was measured with electronic refractometer (Maselli Misure S.P.A., Parma, Italy), titratable
acidity and pH were measured with automatic titrator (Crison Instrument SA, Barcelona, Spain).
Additionally, at harvest, grape yield parameters, such as number of clusters per plant and yield per vine
which were measured with digital dynamometer (Wunder SA-Bi S.r.l, Milan, Italy) and cluster weight
that was measured with technical balance (Gibertini Elettronica S.r.l., Milan, Italy).

5.2.1.4 Statistical analysis

Parametric data were analyzed with one-way Anova to detect differences in berry composition or grape
yield parameters and parameters with significant difference were afterwards evaluated with Least
significant difference (LSD) post-hoc test to ascertain the difference between trials. All tests were
conducted with a confidence level set at 90% and 95%.

5.2.1.5 Climatic characterization of the vintage 2015

For climatic characterization of the vintage 2015, meteorological data from a grid cell Tebano (11.7816E
44.2725N) during the period 1961-2015 was used to calculate Tyean, Cl, GDD, DI and DSI (see 2.2.2 for
details). Mean growing season temperature (Tean) during the vintage 2015 was 19.6°C and characterized
as ‘hot’ (Table 5.1) (Fraga et al., 2014), which is noticeably higher compared t0 Tean (17.70°C; Table
5.1) during the period 1961-2014 which was characterized as ‘warm’ (Fraga et al., 2014). T ., during
the vintage 2015 was slightly higher compared to optimal T, for the cultivation of Sangiovese grapes
(~16.9-19.4°C; Fig. 2.3). Cool night index (CI) during the vintage 2015 (12.79°C) was similar to CI
during the period 1961-2014 (12.29°C; Table 5.1) and characterized as cool nights (Tonietto, 1999),
which is in optimal temperature range (~10-15°C) for anthocyanins synthesis as it was reported in several
studies (Kliewer, 1977; Tonietto and Carbonneau, 1998). Thermal accumulation during the vintage
2015 (1955.60 units; Table 5.1) presented as Growing degree day (GDD) was noticeably higher
compared to same BI value during the period 1961-2014 (1675.27 units; Table 5.1). According to
Gladstones (1992), thermal accumulation during the vintage 2015 was still in the range necessary for the
production of high-quality wines (~1400-2000 units). However, due to ongoing warming it is expected
that Tebano area becomes ‘too hot’ for the production of high-quality wines in future decades. Water
availability presented as Dryness index (DI) was 37.94mm at the end of vintage 2015 (Table 5.1), which
is characterized as moderately dry (Tonietto and Carbonneau, 2004). This moderately dry condition
during the vintage 2015 comparing to sub-humid conditions (99.88 mm; Table 5.1) detected during the
period 1961-2014 are suggesting that vintage 2015 required implementation of irrigation systems. During
the vintage 2015 there were 163.59 days with less than 1mm of precipitation, which was slightly higher
compared to the same BI value during the period 1961-2014 (160.00 days; Table 5.1). Obtained result is
suggesting that sugar content in Sangiovese grape berries was higher during the vintage 2015 than
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average sugar content in Sangiovese grape berries during the period 1961-2014, since a high correlation
between DSI and sugar content in Sangiovese grape berries was detected previously (see 4.2.2.2). Due to
mentioned, the vintage 2015 was appropriate for development of techniques which may be used to
mitigate the influence of the climate change on Sangiovese grapes quality (e.g. late winter pruning), as it
was noticeably hotter and drier compared to the period 1961-2014.

Table 5.1 Bioclimatic indices during the vintage 2015 and average bioclimatic indices values from the
1961 until the 2014.

Index T mean [°C] Cl [°C] GDD [units] DI [mm] DSI [days]
1961-2014 17.70 12.29 1675.27 99.88 163.59
2015 19.6 12.79 1955.60 37.94 160.00

5.2.2 Results and Discussion

5.2.2.1 Vine development

Bud break (BBCH=8) appeared in the approximately same period for all trials (Fig. 5.1). Starting from
the bud burst until the middle of August, plant development of control grapevines (T1) was slightly faster
when compared to vines submitted to T2. However, since the middle of August, T2 tended to develop
slightly accelerated when compared to T1. In grapevines submitted to T3 a noticeable delay was detected
in initial period of development when compared to vines submitted to T1 and T2. The maximum
differences in plant development of T3 compared to T1 and T2 were reached between bud burst and
flowering which were gradually compensated towards to véraison, ultimately leading, to a fastest
development of plants submitted to T3 respect to the T1 and T2 that lasted until the harvest period (Fig.
5.1; Fig. 5.2).
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Figure 5.1 cv. Sangiovese vine development monitored over the vegetative period during the vintage
2015. T1 — winter pruning applied in December (BBCH=0); T2 — winter pruning applied in March
(BBCH=0); T3 — winter pruning applied in April (BBCH=12).
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Figure 5.2 cv. Sangiovese vine development progress on the 4" of May; left: T1 — winter pruning applied
in December (BBCH=0); center: T2 — winter pruning applied in March (BBCH=0); right: T3 — winter
pruning applied in April (BBCH=12).

Flowering (BBCH=65) occurred slightly earlier in T1 respect to T2, and noticeably earlier respect to T3.
On the other hand, véraison (BBCH=83) occurred approximately at the same time for all trials while
maturity appeared slightly earlier in plants submitted to T3 respect to T2 and T1.

5.2.2.2 Grape yield

Grape yield parameters, such as the number of clusters, cluster weight and weight per berry were not
significant within trials due to high variability among the same trial (Table 5.2). On the other hand,
significant differences were detected in yield per plant (Table 5.2). The lowest crop load of T3 comparing
to T1 and T2, same as the slowest grapevine development in early stages may be explained by different
timing of winter pruning application, whereas for T1 and T2 pruning was applied before bud burst while
for T3 after bud burst. Obtained results are aligned with a recent study where winter pruning was applied
on cv. Sangiovese grapes causing a significant yield reduction when winter pruning was applied after bud
burst (Frioni et al., 2016).

Table 5.2 Grape yield and berry composition of cv. Sangiovese. T1 — winter pruning applied in December
(BBCH=0); T2 — winter pruning applied in March (BBCH=0); T3 — winter pruning applied in April
(BBCH=12). LSD: a — different from T3 with 95% significance; b — different from T1 with 90%
significance; ¢ — different from T1 with 95% significance.

Parameter Trial 1 Trial 2 Trial 3 p-value

Yield [kg/plant] 2.24a 2.14a 1.25 0.068
Cluster weight [g] 158.76 138.90 114.16 NS
Number of clusters per plant 14 15 11 NS
Berry weight [g] 2.01 2.07 1.95 NS

Sugar content [°Brix] 23.0 24.13b 24.43c 0.052
Titratable acidity [g/L] 7.55 7.60 7.71 NS
pH 3.17 3.14 3.14 NS
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5.2.2.3 Berry composition

At harvest, berry sugar content was 24.3, 24.13 and 23.0 °Brix in T1, T2 and T3, respectively (Table.
5.2). Due to slightly faster grapevine development, berries from T1 had a slightly higher sugar content on

the 29th of July, compared with T2 and T3. However, differences within trials decreased until the 26th of
August, when berry sugar content was same in all trials (Fig. 5.3).
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Figure 5.3 Chemical composition of cv. Sangiovese must during vintage 2015. SC — Sugar content; TA —
Titratable acidity; T1 — winter pruning applied in December (BBCH=0); T2 — winter pruning applied in
March (BBCH=0); T3 — winter pruning applied in April (BBCH=12).

Starting from the 26th of August, sugar accumulation in berries from T3 was faster respect to the T1 and
T2, ultimately leading that at harvest T3 had higher sugar content respect to T1 and T2 (Fig. 5.3; Table
5.2). The highest sugar content at harvest detected in berries of grapevines submitted to T3 may possibly
be explained with different source-sink balance within trials. Grapevines with higher yield per plant (T1
and T2) have higher carbon demand in order to reach certain value of sugar content while plants with a
lower yield per plant (T3) have lower carbon demand to reach the same value of sugar content (Bobeica
et al., 2015).Thus, due to lower carbon competition within clusters, plants submitted to T3 had higher
berry sugar content at harvest respect to T1 and T2. However, leaf to fruit area was not monitored, thus
the last statement needs to be taken with caution. Although, the highest berry sugar content was detected
in plants submitted to T3, which is opposite to the desired objective, further experiments need to be
conducted in order better understand the possibilities of sugar content reduction in plants by application
of late winter pruning. Apart from later winter pruning, experiments should also include monitoring of
leaf to fruit area and if needed, application of cluster thinning and leaf removal to reduce the potential
differences in source-sink balance among trials. Inversely to sugar content, at the end of July, total acidity
was the highest in T3 comparing to T1 and T2. Differences in titratable acidity levels among trials were
gradually smaller starting for the end of July, whereas at the beginning of September no differences were
detected in total acidity levels among trials (Fig 5.3). At harvest slightly higher total acidity levels were
detected in berries from grapevines submitted to T3 compared with those of T2 and T1 (Fig. 5.3).
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However, even if detected differences were not significant (Table 5.2). Berry juice pH value at harvest
was similar in all trials 3.14, 3.14 and 3.17 in T3,T2 and T1, respectively. These findings are partly
aligned with a recent study that reported a significant must sugar content decrease, significant must
titratable acidity increase and lack of differences in must pH value when winter pruning was applied on
cv. Sangiovese grapevines after inflorescence swelling (BBCH=55) respect to grapevines where pruning
was applied before bud burst (BBCH=0) (Frioni et al., 2016).

5.2.3 Conclusions

Late winter pruning had an influence on cv. Sangiovese grapevine development. In particular, grapevines
submitted to T3 had a delay in early periods of plant development compared to T1 and T2. This delay in
grapevines submitted to T3 was compensated until véraison, ultimately leading, to the fastest
development of plants submitted to T3 respect to T1 and T2, until harvest period. The application of late
pruning to grapevines significantly modified sugar content in plants submitted to T3 compared to control
trial (T1). Also, the application of late pruning caused a significant reduction of yield per plant in T3
compared to T1 and T2. On the other hand, differences of pH, TA, berry weight, number of clusters and
cluster weight were not significant. Although, the highest berry sugar content was detected in plants
submitted to T3, which is opposite to the desired objective, further experiments need to be conducted in
order better understand the possibilities of sugar content reduction in plants by application of late winter
pruning. Apart from later winter pruning, experiments should also include monitoring of leaf to fruit area
and if needed, application of cluster thinning and leaf removal to reduce the potential differences in
source-sink balance among trials. Furthermore, trials need to be performed during at least two seasons to
ascertain the conclusions.

5.3 Combination of ‘early green harvest’ and non-Saccharomyces cerevisiae yeasts
as an approach reduce ethanol level in Chardonnay wines

Tesli¢, N., Patrignani, F., Ghidotti, M., Parpinello, G.P., Ricci, A., Tofalo, R., Lanciotti, R., Versari, A. 2018.
Utilization of ‘early green harves’ and non-Saccharomyces cerevisiae yeasts as a combined approach to face climate
change in winemaking. European Food Research and Technology. First online https://doi.org/10.1007/s00217-
018-3045-0

Removal of excessive alcohol content from wine by utilization of single technique may have a negative
impact on wine sensory characteristic due to aroma compounds removal (Catarino and Mendes, 2011).
Therefore, certain studies examined the possibilities to use two techniques (e.g. nanofiltration and
pervaporation) as a combined method to remove excessive alcohol content from wines with a lesser
impact on wine sensory characteristics compared to single technique method (Catarino and Mendes,
2011). However, to install equipment for nanofiltration and pervaporation winemakers might require
capital initial investments (315k€ only for pervaporation; Takacs et al., 2007). Thus, presented
experiment evaluated possibilities to use ‘early green harvest’ (viticulture technique) and non-
Saccharomyces cerevisiae (biotechnological technique) as a combined method to remove excessive wine
alcohol due to its simplicity and inexpensiveness.
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5.3.1 Materials and Methods

5.3.1.1 Reagent and chemicals

Citric acid, lactic acid, L-malic acid, succinic acid, acetonitrile, (+)-catechin, (-)-epicatechin, caffeic acid,
glycerol, sodium hydroxide, sodium carbonate, 2-ethyl butyric acid, dimethyl carbonate, Trolox (6-
hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid) and gallic acid were purchased from Sigma-
Aldrich (Steinheim, Germany). L-tartaric acid, sulfuric acid, p-coumaric acid, Folin-Ciocalteu’s reagent,
acetic acid, iodine and calcium hydroxide were purchased from Merck (Darmstadt, Germany). Glucose,
yeast extract and peptone were purchased from Oxoid (Basingstoke, United Kindom). Ethanolic solution
of phenolphthalein and potassium hydrogen sulfate were purchased from Carlo Erba (Milan, Italy).
Ferulic acid was purchased from Extrasynthese (Genay, France). Glycerol enzymatic kit was purchased
from Steroglass (Perugia, Italy). Methanol was purchased from VWR (Leuven, Belgium). Silicon
antifoam was purchased from Ing. Castore Bullio (Milan, Italy).

5.3.1.2 Yeasts activation

The yeast strains utilized for the fermentation trials were: low-ethanol trial (Y1) — Exotics (hybrid
Saccharomyces paradoxus/Saccharomyces cerevisiae) (Oenobrands, France), low-ethanol alternative trial
(Y2) — Candida zemplinina FT811 (yeast strain isolated at the University of Teramo) in sequential
fermentation method with Exotics (Y1) and control trial (Y3) — Vinl3 (Saccharomyces cerevisiae)
(Oenobrands, France). For each fermentation (total n=18; Fig. 5.4), yeast strains were primarily
inoculated in 10 ml of solution obtained with peptone (10 mg/mL), glucose (20 mg/mL) and yeast extract
(10 mg/mL) and then incubated (24h at 25°C). Afterwards, the yeast strains were re-inoculated into 0.25
L of non-clarified and previously pasteurized must (must was pasteurized at 65°C for 30 min) and then
incubated (24h at 25°C) to obtain sufficient quantity of active yeast cells for fermentations (at least 10
log CFU/mL). Once properly prepared, yeasts were added directly into grape must (for details see
5.3.1.3). In order to prevent the appearance of late spontaneous fermentation due to activity of wild
Saccharomyces cerevisiae strains, trials inoculated with Candida zemplinina were inoculated in
sequential fermentation method (at ethanol level ~7-8%) with 30 g/hL of yeast Y1 (according to
producer’s instructions).
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Figure 5.4 Experiment design and winemaking protocol (modified from Tesli¢ et al., 2018).

5.3.1.3 Grape harvest and vinification procedure

The experiment was performed during vintage 2016 with cv. Chardonnay grapes. Grapevines were
trained to free cordon with 2.5 m x 1.0 m spacing between plants (4000 plants/ha). The vineyard and
experimental winery were located in Tebano (44°28°7” N; 11°77°5” E; Faenza, Italy). Harvest-0 (HO -
considered as ‘early green harvest’) was conducted at véraison, whereas 25 kg of manually thinned grapes
was collected, which were afterwards manually destemmed and crushed. Obtained grape juice was treated
with potassium metabisulfite (5 g/hL, AEB, Brescia, Italy) and stored into 10L plastic tank at low-
temperature regime (-20°C) until fermentation.

Harvest-1 (H1) was conducted at grape technological maturity (control) - based on sugar concentration
and total acidity — whereas ~100 kg of grapes was manually harvested and afterwards crushed and pressed
using a semi-automatic press (22620M, Spedeil, Ofterdingen, Germany). Grape juice was racked into
100L stainless-steel tank, treated with potassium metabisulfite (8 g/hL), pectolytic enzymes (1 g/hL,
Lafazym CL, Laffort, France), silica gel (30 g/hL, Baykisol 30, AEB, Brescia, Italy), gelatin (3 g/hL,
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Gelsol, AEB, Brescia, Italy), bentonite (30 g/hL, Superbenton, Dal Cin, Italy), in respective order and
stored at +4°C for clarification. After 48h of clarification, grape juice was transferred into six 20L
stainless-steel tanks (in duplicate for each of 3 yeasts), treated with nutrients for yeasts (Nutristart, 30
g/hL, containing 0.39 mg/L of thiamine, Laffort, France), potassium metabisulfite (4 g/hL) and inoculated
with yeast strains (for details see 5.3.1.2).

Four days after H1, ~200 kg of grape was manually harvested during harvest H2 (‘delayed maturity’) and
treated as described for grapes at H1. The obtained must was split into two equal batches and placed into
two 100L stainless-steel tanks. The first half of grape juice was processed similarly as grape juice at H1
(six 20L stainless-steel tanks, in duplicate for each of 3 yeasts). The second half was mixed with must HO
(~10% v/v, of added HO grape juice) to match the sugar concentration of musts H2 (Table 5.3).
Afterwards, H3 grape juice was treated as must at H2 (six 20L stainless-steel tanks, in duplicate for each
of 3 yeasts). Fermentation trials were run under controlled temperature regime (20°C Y1 and Y2, 17°C Y3)
whereas sugar consumption by yeasts was daily monitored using a Babo densimeter. At the end of
fermentation processes (below 0.2 g/L of residual sugars), wines were treated with potassium
metabisulfite (7 g/hL) and stored at +4°C for clarification. After five days of clarification, clear wine was
transferred into glass containers and stored at 0°C for cold stabilization for 20 days. Stabilized wines were
bottled into 1L glass bottles and sealed with crown caps, thus stored at +17°C until analysis.

Table 5.3 Chemical composition of Chardonnay grape juice obtained during vintage 2016.

Variables pH Total acidity (g/L)* Sugar content (°Brix)
HO 2.61+0.06 26.29+0.05 9.6+0.1
H1 3.19+0.01 6.45+0.00 19.3+0.0
H2 3.30£0.02 6.28+0.04 20.510.1
H3 3.06+0.02 8.95+0.04 19.5+0.0

Table values present mean (£SD) of three analyses.
!_ total acidity expressed as g/L of tartaric acid

5.3.1.4 Chemical analysis

Must sugar content, pH and total acidity

Grape sugar content was examined with a refractometer (PAL-1, Atago, Tokyo, Japan) while pH and total
acidity of grape juice were analyzed with pH meter (pH 209, Hanna Instruments, Padova, Italy) according
to the official European Commission methods (EC, 1990).

Alcohol

Wine ethanol content was examined with hydrostatic balance and heat-stream distiller (Ing. Castore
Bullio, Milan, Italy) according to the official European Commission methods (EC, 1990).
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Glycerol

Wine glycerol content was examined by UV-Vis spectrophotometer (Cary 60, Agilent Technologies,
Santa Clara, USA) and enzymatic kit according to manufacturer’s instructions (Steroglass, Milan, Italy).

Phenolics

Total polyphenol content was analyzed with colorimetric assay by UV-Vis spectrophotometer (Cary 60,
Agilent Technologies, Santa Clara, USA) at 750 nm (Singleton and Rossi, 1965). Calibration curve of
gallic acid (0-0.665 mM; R*=0.994) was used for quantification of phenolic compounds.

Individual phenolic compounds content was analyzed with high-performance liquid chromatography
system (HPLC; Dionex IC-500, Milano, Italy), diode array detector (DAD) and Inertsustain C18 column
(5um, 4.6 x 250 mm; GL Science, Tokyo, Japan). Prior to manual injection into HPLC system that was
conditioned at 30°C, wine samples were filtered with 0.2 um cellulose acetate filter (GVC Filter
Technology, Sanford, USA). Phenolic compounds separation was conducted at 0.5 ml/L flow rate with
solvent A (distilled water:acetic acid = 95:5; % v/v) and solvent B (acetonitrile: distilled water = 80:20; %
v/v) in following proportions: 15 min, 100% A; 30 min, 95% A; 50 min, 90 % A, 51 min, 89 % A, 70
min, 89% A; 82 min, 85% A; 90 min, 85% A; 95 min, 40% A; 109 min, 100% A. Identification and
guantification of individual phenolic compounds was performed at 280 nm ((+)-catechin and (-)-
epicatechin), 308 nm (coutaric as p-coumaric) and 324 nm (caftaric as caffeic, ferulic) with calibration
curves of (+)-catechin (0-0.17 mM; R?=0.999), (-)-epicatechin (0-0.17 mM; R?*=0.999), p-coumaric acid
(0-0.30 mM; R*=0.999), caffeic acid (0-0.28 mM; R?=0.999) and ferulic acid (0-0.26 mM; R?=0.999).

DPPH- radical scavenging

The sample antioxidative properties were analyzed via ability to scavenge DPPHe (2,2-diphenyl-1-
picrylhydrazyl) free radicals by using a modified method which was originally described by Brand-
Williams et al. (1995). In short, methanolic solution of the DPPH reagent (60 uM) was prepared and
adjusted to absorbance of 0.70 (£0.02) nm by addition of methanol. DPPH reagent (2.9mL) and properly
diluted samples (0.1mL) were blended in 1 cm plastic cuvettes, closed with parafilm and stored in dark at
room temperature for 60 minutes. Quantification of wine antioxidative properties was performed at 517
nm with UV—Vis spectrophotometer (Cary 60, Agilent Technologies, Santa Clara, USA) and calibration
curve of Trolox aqueous solutions (0-0.8 mM, R?=0.999). Obtained results were reported as mg of Trolox
equivalents per L of wine.

pH, total acidity, volatile acidity and organic acids

Total acidity, pH and volatile acidity were examined with heat-stream distiller (Ing. Castore Bullio,
Milan, Italy) and pH meter (pH 209, Hanna Instruments, Padova, Italy) according to the official European
Commission methods (EC, 1990).

Content of individual organic acids in was analyzed by HPLC equipped with DAD and column Aminex
HPX-87H (9 pm, 7.8 x 300 mm; Bio-Rad, Hercules, USA) according to a protocol previously described
(Castellari et al., 2000). Prior to manual injection into HPLC system that was conditioned at 45°C, the
wine sample was filtered with 0.2 um nylon filter (Gema Medical, Barcelona, Spain). Identification and
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guantification of individual organic acids was performed at 210 nm with calibration curves of citric (0-31
mM; R*=0.999), L-tartaric (0-66.5 mM; R*=0.995), L-malic (0110 mM; R?=0.999), succinic (0-50 mM:;
R?=0.999), lactic (0—115 mM; R?=0.999) and acetic acid (0—105 mM; R?*=0.999).

Sulfur dioxide

Free and total wine sulfur dioxide content was analyzed by titration with N 0.02 I, in the presence of 1%
starch solution as an indicator of titration ending point (Ripper and Schmitt, 1896).

Optical density

Optical density was analyzed by UV-Vis spectrophotometer (Cary 60, Agilent Technologies, Santa Clara,
USA) at 420 nm according to the official European Commission methods (EC, 1990).

Volatile aromatic compounds

Prior to gas chromatography (GC) analysis, 0.3 ml of wine samples conditioned at room temperature were
transferred into GC vials (Chromacol, Thermo Scientific) together with 0.185 ml of potassium hydrogen
sulfate saturated agqueous solution and dimethyl carbonate for extraction. Additionally, 0.015 ml of 2-
ethyl butyric acid aqueous solution (100ug/ml) was added as internal standard. Afterwards, the vials were
centrifuged at 3800 rpm for 10 min (ALC4232, centrifuge) and analyzed by gas chromatography mass
spectrometry (GC-MS). GC-MS analyses of wine samples were performed with a gas chromatograph
(7820A, Agilent, Santa Clara, USA) equipped with a mass selective detector (5977E, Agilent, Santa
Clara, USA). The autosampler was programmed for the injection of 1pl of extract at the sample depth of
10 mm. Splitless injection was selected with an inlet temperature of 250°C. Analytes were separated with
a polar GC column Agilent DB-FFAP (0.25 mm x 30 m, i.d, 0.25 um film thickness; Agilent, Santa
Clara, USA) with the following thermal program: 50°C held for 5 min, ramp at 10°C/min until 250°C,
held at 250°C for 5 min, with gas flow of 1ml/min. Detection was made with a quadrupole mass
spectrometer operating under electron ionization at 70 eV with acquisition at 1 scan/s in the m/z 29 and
450 range. Mass spectra were acquired in full scan mode properly adjusting the electron multiplier
voltage. Tentative identification was based on library mass spectra matching (NIST). Peak areas were
integrated by extracting characteristic ions from total ion current.

5.3.1.5 Sensory analysis

Quantitative descriptive sensory analysis

As a preliminary step of sensory analysis, wines were assessed by winemakers and staff of the BSc
program in Enology and Viticulture at the University of Bologna (3 females and 2 males, aged between
27 and 52), to ascertain the lack of differences between duplicate trials.

Afterwards, the nine wines were assessed, one randomly selected wine for each combination of yeasts
(Y1, Y2 or Y3) and harvest dates (H1, H2, H3). Firstly, wine sensory analysis was performed using a
guantitative descriptive sensory analysis (Stone et al., 1974). Panelist evaluated samples in terms of

115|Page



olfaction (alcoholic odor, fruity odor, flowery odor, herbal odor, odor complexity) and taste (alcoholic
taste, acidity, sweetness, bitterness, structure, taste complexity, persistence) by marking 10 cm
unstructured scale anchored with 0’ (lack of presence) and ‘10’ (extremely intensive). The panel
accounted 25 panelists (12 females and 13 males, aged between 20 and 46) which were recruited among
employees and students of the BSc program in Enology and Viticulture (University of Bologna, Campus
of Food Science, Cesena, Italy), whereas all panelists were properly trained during the BSc program (in
Enology and Viticulture) courses related to wine sensory evaluation. Wine tasting was performed in two
sessions within the same day (4 samples in the 1% session and 5 samples in the 2™ session). Samples were
numerically assigned with a three-digit number and randomly distributed to panelists in transparent and
pear-shaped glasses containing 25 ml of wine (I1SO, 1977). For purpose of palate cleansing natural water
was distributed to panelists (Levissima, Torino, Italy).

Preference test

Successively with quantitative descriptive analysis, panelists also evaluated samples in term of
preference. Preference test was examined by utilization of a simple 10 cm unstructured linear hedonic
scale anchored with ‘0’ (as extremely disliked) and ‘10’ (as extremely liked), since panelist have the
possibility to express sensory perceptions more precise than with the nine-point hedonic scale (Lawless
and Heymann, 2010).

5.3.1.6  Statistical Analysis

The chemical composition data of grape juice and wines were statistically examined with one-factor
analysis of variance (ANOVA) and parametric post-hoc Tukey tests with a confidence level set at 90%
and 95%. Sensory data were statistically examined with non-parametric Kruskal-Wallis test with a
confidence level set at 90% and 95%. Principal component analysis (PCA) was utilized to detect potential
correlations between quantitative descriptive sensory analysis, preference test and wine chemical analysis
variables.

5.3.1.7 Climatic characterization of the vintage 2016

Climatic characterization of the vintage 2016 was conducted with meteorological data from a grid cell
Tebano (11.7816E 44.2725N) during the period 1961-2016 which were used to calculate T ean, GDD and
DI (see 2.2.2 for details). Results are suggesting that Tean during the vintage 2016 was classified as
‘warm’ (Table 5.4) (Fraga et al., 2014), which is noticeably higher compared t0 Tpean (17.72°C; Table
5.4) during the period 1961-2015 which was also classified as ‘warm’ (Fraga et al., 2014). Furthermore,
Tmean during the vintage 2016 was noticeably higher than optimal T.e., for Chardonnay cultivation
(~14.0-17.1°C; Fig. 2.3). Thermal accumulation during the vintage 2016 was in upper limit of optimal
thermal accumulation conditions to produce high-quality wines, which is often too hot for production of
white wines (1400-2000; Gladstones, 1992). These higher temperatures and thermal accumulation
caused moderately dry conditions during the vintage 2016 (Table 5.4). Therefore, climate characteristic of
the vintage 2016 in Tebano were suitable to evaluate the effect of the climate change on grape/wine
guality since the temperature and soil water availability were far from optimal for cultivation of
Chardonnay grapes.
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Table 5.4 Bioclimatic indices during the vintage 2016 and average bioclimatic indices values from the
1961 until the 2015.

Index T mean [°C] GDD [units] DI [mm]
1961-2015 17.72 1680.37 98.76
2016 18.90 1906.80 89.57

5.3.2 Results and Discussion

5.3.2.1 Influence of early green harvest and yeasts selection on wine quality parameters

Alcohol

Selection of yeasts for vinification plays a key role in determining the final composition of wine,
including ethanol content (Contreras et al., 2014b), malic acid content (Bovo et al., 2016), aroma profile
(Tofalo et al., 2016), glycerol and polyphenols contents (Romboli et al., 2015) and acetic acid content
(Rantsiou et al., 2012). In presented experiment, the average wine ethanol content of Chardonnay wine
vinified by Y1, Y2 and Y3 yeasts was 11.83%, 11.87% and 12.04%, respectively (Table 5.5); therefore, a
drop of about 0.2% was achieved by using selected yeasts strains. This moderate ethanol decrease is
consistent with a case study conducted with Chardonnay wines, whereas Saccharomyces paradoxus (Sp),
compared to the Saccharomyces cerevisiae (Sc), decreased the wine ethanol content of Chardonnay wines
for ~0.35% (Orlic et al., 2007). Other case study reported similar results, whereas alcohol level of
Sangiovese wines was reduced up to 0.3% v/v by utilization of Candida zemplinina (Cz) (Romboli et al.,
2015). However, some case studies reported a higher ethanol removal by utilization of a Cz comparing to
Sc for vinifications of red grape varieties (Englezos et al., 2016a; Giaramida et al., 2013). Thus, it is
postulated that yeasts can reduce wine ethanol level at the higher percent when fermenting high grape
sugar content (often found in must of red grape varieties).

Since chemical composition of grape berries changes starting from the fruit set and last until the ripening
(see 4.1.2-4.1.5), the date of grape harvest plays an important role in the final wine quality. As expected,
all the ‘mixed” samples — e.g. samples with part of their must replaced with the low-total soluble solids
HO grape juice — had significantly lower ethanol content (H3) compared to wines made with grape juice
from H2. The average alcohol content for wines produced with grapes harvested at the H1, H2 and
mixture of HO and H2 (H3) was 11.62%, 12.50% and 11.60%, respectively (Table 5.5). The results
clearly indicated that the ethanol removal in Chardonnay wines was mainly related to grape harvest
timing (~0.9%), respect to the yeast strains (~0.2%). Kontoudakis et al. (2011a) reported similar findings,
whereas addition of low-ethanol wine (5%) in a high-sugar grape juice, resulted in ethanol content
decrease of Cabernet Sauvignon wines (0.9%). Using the same method, the ethanol loss was enhanced of
about 3.0% and 1.7% was accomplished in Bobal and Merlot wines respectively (Kontoudakis et al,
2011).
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Table 5.5 Chemical composition, optical density, SO, concentation and antioxidative capacity of Chardonnay wines produced during vintage
2016. Statistical analysis differences among trials based on one-way Anova with post-hoc test Tukey (p < 0.05; p < 0.1) are marked using different
letters (see footnotes for explanation).

Alcohol Glycerol Phenolics DPPH Total acidity Volatile Free SO, Total Optical

Variable (% Viv) (g/L) (mg/L)* (mg/L)* pH (g/L)! acidity (g/L)>  (mg/L) SO, density
(mg/L) (420 nm)
H1 11.62+0.11b 5.1+0.7 125+6¢ 167.1£5.1 3.17+0.02b 7.07+0.26b 0.29+0.11 1545 72+7a 0.08+0.01
H2 12.50+0.09a 5.5£0.7 132+3b 173.4+6.0 3.22+0.03a 6.88+0.27b 0.39+0.08 1614 58+6b 0.09+0.01
H3 11.60+0.12b 5.2+0.9 138+2a 169.3+4.5 3.06+0.01c 8.80+0.14a 0.35+0.08 1543 58+7b 0.08+0.01
Y1 11.83+£0.48 6.2+0.2a 1354 169.4+6.5 3.14+0.07 7.66+0.98 0.34+0.10d 13+1b 5816 0.08+0.01
Y2 11.87+£0.47 4.940.2b 1317 170.5£5.3 3.17+0.08 7.55+0.97 0.43+0.05d 13+5b 6619 0.09+0.01
Y3 12.04+0.45 4.7+0.4b 130+9 169.945.6 3.15+0.08 7.55+0.96 0.26+0.03e 18+2a 65+11 0.08+0.01

Table values present mean (£SD) of single analysis for six trials conducted with same grape picking date or yeast selection.
! _ total acidity expressed as g/L of tartaric acid

2 _ volatile acidity expressed as g/L of acetic acid

® _ concentration of total polyphenols expressed as mg/L of gallic acid

*_ antioxidative capacity expressed as mg/L equivalents of Trolox

Average values assigned by different letter are statistically different from each other, by Tukey test at p < 0.05 (a, b and ¢), and at p < 0.1 (d and e).
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The utilization of different harvest date and yeast strains selection effectively reduced the ethanol
concentration (-1.21%) in Chardonnay wines from 12.68% (yeast Y3 with H2) to 11.47% (yeast Y1 with
H3). According to other case studies, the utilization of suggested method in presented experiment can
further reduce the wine ethanol content, especially in the case of red grape varieties (Englezos et al.,
2016a; Giaramida et al., 2013; Kontoudakis et al., 2011a).

Glycerol

Higher glycerol production often related to yeasts response to osmotic stress or low-temperatures stress
(Pérez-Torrado et al., 2016), may alter the wine sensory features due to sweetness perception (Noble
and Bursick, 1984), while glycerol contribution to the viscosity or wine ‘structure’, may be controversial
due to relatively low glycerol concentration in wines (Laguna et al., 2017) (up to ~16 g/L; Romboli et
al., 2015). In presented experiment, the different grape harvest dates did not significantly alter glycerol
content that was 5.1, 5.5 and 5.2 g/L in H1, H2 and H3 wines, respectively (Table 5.5). The highest
glycerol content in H2 wines may be related to slightly higher osmotic stress comparing to H1 and H3
wines. Also, due to fact that H2 grape juice had a higher concentration of total soluble solids when
compared to H1 and H3 grape juice that may be converted to more glycerol (Table 5.3).

Comparing to grape picking date, yeast selection had more influence on wine glycerol concentration,
whereas Y1 (6.2 g/L) had significantly higher glycerol concentration when compared to Y2 wines (4.9
g/L) and Y3 wines (4.7 g/L) (Table 5.5). Experiment results related to higher glycerol production in Y1
wines compared to Y3 wines are similar with other case study performed on Chardonnay wines (Orlic et
al., 2007).

Phenolics

Phenolics affect wine antioxidative features, color, taste etc., thus they have a significant impact on final
wine quality (Boulton et al., 1999). In presented experiment, phenolics content in Chardonnay wines was
approximately from 120 to 140 mg/L (as gallic acid; Table 5.5), which value is close compared with other
case studies related to phenolics quantity in Chardonnay wines (Chamkha et al., 2003; Olejar et al.,
2016; Ricci et al., 2017). The grape picking dates significantly affected the phenolics content of
Chardonnay wines, whereas H1, H2 and H3 wines had 125, 132 and 138 mg/L of phenolic compounds
(as gallic acid), respectively (Table 5.5). The highest concentration of phenolics in wines H3 probably
reflect the high content of phenolic compounds in juice obtained from grapes harvested at HO that was
added instead of H2 grape juice. At véraison, grapes (similarly to HO) have higher concentration of
phenolic compounds compared to grapes after véraison (H1 and H2). This is explained by the increased
synthesis of hydroxycinnamic acids and their derivatives that occurs before to véraison, followed by a
decrease of hydroxycinnamic acids content after véraison due to ‘dilution’ by total soluble solids
accumulation in grape berries (Ong and Nagel, 1978). Hydroxycinnamic acids concentration was higher
in H3 wines (22.5 mg/L) respect to H1 (20.7 mg/L) and H2 (20.9 mg/L) (Table 5.6). Furthermore,
concentration of caftaric acid which is the main hydroxycinnamic acid of white wines (Adams, 2006),
was the highest in H3 wines (18.2 mg/L) followed by H1 (17.1 mg/L) and H2 wines (16.8 mg/L).
Comparing to caftaric acid other phenolic compounds were detected in low quantities (Table 5.6). The
values of caftaric acid found in this experiment are aligned with other studies related to Chardonnay
wines (~8-44 mg/L) (Cejudo-Bastante et al., 2011; Chamkha et al., 2003; Olejar et al., 2016).
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Table 5.6 Phenolic compounds composition in Chardonnay wines produced during vintage 2016.
Statistical analysis differences among trials based on one-way Anova with post-hoc test Tukey (p < 0.05;
p < 0.1) are marked using different letters (see footnotes for explanation).

Var  Catechin Epicatechin ¥ Flavan- Caftaric  Coutaric  Ferulic Y HCA ¥ Phenolics
(mg/L) (mg/L)  3ols(mg/L)  (mg/L) (mg/L)  (mg/lL)  (mg/L) (mg/L)
H1 1.2+0.3 2.9+0.3d 4.1+0.3a 17.2+1.4b 1.2+0.1c 2.4+0.3b 20.7+1.3b 24.8+1.3b
H2 0.9+0.3 2.3+£0.3e 3.1+0.4b 16.8+0.5b 1.4+0.1b 2.7+0.2a 20.9+0.4b 24.0+0.6b
H3 0.9+0.5 2.5+0.7e 3.4+0.5b 18.2+0.5a 1.7+0.1a 2.6+0.la 22.5+0.5a 25.9+0.8a

Y1 1.0+0.3 2.620.6 3.6+0.7 17.240.6  1.4+0.2 24403 21.1+1.1 24.620.6
Y2 1.1+0.5 2.3+0.5 3.4+0.6 17.9+1.0 1.4+0.2 2.6+0.3 22.0+0.7 25.3+1.3
Y3 0.9+0.4 2.8+0.3 3.7+0.5 17.1+1.3  1.4+0.2 26+0.2 21115 24.8+1.5

Table values present mean (£SD) of single analysis for six trials conducted with same grape picking date or yeast
selection.

Average values assigned by different letter are statistically different from each other, by Tukey test at p < 0.05 (a, b
andc),andatp < 0.1 (d, e and f).

Compared to grape picking dates, the yeast strain had a minor effect on total polyphenols concentration
and individual phenolic compounds content. Polyphenols content in Chardonnay wines fermented with
yeast Y1, Y2 and Y3 was 135, 131 and 130 mg/L, respectively (Table 5.5), which were partly identified by
HPLC as low molecular weight phenolic compounds (Table 5.6).

DPPH-* radical scavenging

Antioxidative capacity of wines is important quality parameter since it reflects potential shelf-life and
aging potential. Wine antioxidative capacity is mostly related to concentration of free SO,, pH value,
phenolic compounds composition and quantity. In presented experiment, wine antioxidative capacity was
approximately 170 mg/L (as Trolox equivalent) for all wines and did not differ statistically according to
grape harvest timing neither according to yeast selection (Table 5.5). Obtained values are close to results
reported in a recent study addressing antioxidative capacity of Chardonnay wines (Olejar et al., 2016).

pH, total acidity, volatile acidity and organic acids

Wine total acidity and pH values are among the most important wine quality parameters, due to their
impact on wine color, organoleptic features, microorganism activity, content of active molecular sulfur
dioxide etc. The average total acidity for H1, H2 and H3 wines was 7.07, 6.88 and 8.80 g/L (as tartaric
acid), respectively, while pH values were 3.17, 3.22 and 3.06 for H1, H2 and H3 wines, respectively
(Table 5.5). These results are consistent with other case studies, whereas Chardonnay wines had total
acidity in the range 4.2-10.1 g/L and pH value in the range 3.1-3.5 (Cejudo-Bastante et al., 2011;
Olejar et al., 2016; Orlic et al., 2007; Redzepovic et al., 2003; Ricci et al., 2017; Torrea et al., 2011).
As expected, the mix of HO and H2 grape juices significantly increased the total acidity of Chardonnay
wine (H3), thus presented method may serve, if necessary, as an alternative to chemical acidification of
wines. These results are aligned with a case study (Kontoudakis et al., 2011a), whereas the mix of low-
alcohol wine (produced with grapes collected at véraison) and grape juice (produced with ripen grapes) of
Cabernet Sauvignon, Merlot and Bobal increased total acidity in the range of 0.8-2.2 g/L (as tartaric
acid). Opposite to grape picking date, the selection of yeast strains had a minor impact on pH value and
total acidity, whereas wines produced by Y1, Y2 and Y3 yeast strains had 3.14, 3.17 and 3.15 pH values
and total acidity of 7.65, 7.55 and 7.55 g/L, respectively (Table 5.5).
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The increase of total acidity in samples H1 and H2 respect to the total acidity of corresponding grape
juice prior to vinification (Table 5.3; Table 5.5) may be partially explained with the synthesis of succinic
acid during the vinification process (Table 5.7). On the other hand, the lower total acidity of H3 samples
respect to corresponding grape juice (Table 5.3; Table 5.5) may be tentatively attributed to the
consumption of malic acid by yeasts during vinification and the favored precipitation of potassium
bitartrate during cold stabilization.

The presented combined method (different grape harvest dates with appropriate yeast selection) caused
increase (2.55 g/L) of total acidity in Chardonnay wines from 6.37 g/L (yeast Y2 with H2) to 8.92 g/L
(yeast Y1 with H3), clearly indicating that it may be used as an alternative to chemical acidification of
wines.

Table 5.7 Organic acids composition of Chardonnay wines produced during vintage 2016. Statistical
analysis differences among trials based on one-way Anova with post-hoc test Tukey (p < 0.05; p < 0.1)
are marked using different letters (see footnotes for explanation).

Var Lactic Succinic Acetic Citric Tartaric Malic > Acids
(9/L) (/L) (/L) (g/L) (g/L) (g/L) (/L)

H1  0.09+0.04 2.4740.08a 0.12+0.15 0.19+0.01b  2.31+0.06e 3.58+0.15e 8.8+0.2b

H2  0.1240.02 2.13+0.14b 0.20+0.18 0.20+0.02b  2.20+0.09f 3.25+0.28f 8.1+0.3c

H3  0.09+0.03 2.36+0.10a 0.19+0.14 0.24+0.01a  2.81+0.09d 4.71+0.29d 10.440.3a

Y1 0.12+0.01a 2.43+0.14 0.13+0.07b  0.21+0.03 2.45+0.30 3.69+0.65 9.0£1.0

Y2 0.07+0.03b  2.22+0.22 0.36+0.05a 0.20+0.03 2.38+0.28 3.72+0.71 8.91+1.1

Y3 0.11+0.03a 2.31+0.12 0.02+0.02¢ 0.22+0.02 2.49+0.31 4.13+0.72 9.311.1
Table values present mean (xSD) of single analysis for six trials conducted with same grape picking date or yeast
selection.
Average values assigned by different letter are statistically different from each other, by Tukey test at p < 0.05 (a, b
andc),andatp < 0.1 (d, e and f).

The grape picking date had a minor effect on volatile acidity and acetic acid concentration, which were
0.29, 0.39, 0.35 ¢/L, and 0.12, 0.20, 0.19 g/L (both as acetic acid) for H1, H2 and H3 wines, respectively
(Table 5.5; Table 5.7). Reversely, yeast strain selection had a significant effect on these parameters. In
particular, wines vinified with yeast Y3 had a significantly lower volatile acidity (0.26 g/L) respect to
wines vinified by Y1 (0.34 g/L) and Y2 (0.43 g/L) yeasts (Table 5.5). However, even if statistical
differences were detected, wine content of volatile acids was below legal limits (1.2 g/L) for volatile
acidity in wines set by OIV (OlV, 2017). Detected higher wine volatile acidity content in samples
vinified with Y1 respect to Y3 is partly consistent with other studies addressing similar topics (~0.2-0.4
g/L) (Orlic et al., 2007; Redzepovic et al., 2003). The acetic acid content was lower in samples vinified
with yeast Y3 (0.02 g/L), respect to samples vinified with Y1 and Y2 yeasts: 0.13 and 0.36 g/L,
respectively (Table 5.7). The acetic acid content in samples vinified with Y2 was lower in presented
experiment (0.36 g/L) respect to other studies (~0.5-0.95 g/L) (Giaramida et al., 2013; Romboli et al.,
2015; Sadoudi et al., 2012).

Organic acids have a significant impact on wine stability and sensory features, especially in white wines
(Ribéreau-Gayon et al., 1982). Part of wine organic acids is present due to natural synthesis in grapes
during grapevine reproduction cycle (tartaric, malic and citric acid), while other wine acids are present
due to yeast and bacteria synthesis during vinification and ageing process (succinic, lactic and acetic
acid). Content of wine organic acids obtained in the present experiment is reported in Table 5.7. Since
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tartaric, malic citric acids are more related to berry ripening process, as expected their content was
significantly affected by grape picking date (Table 5.7). Apart from H3 wines, results related to content of
tartaric, malic and citric acid are consistent with other case studies addressing Chardonnay wines, whereas
tartaric acid was reported in the range 2.6-4.6 g/L (Cejudo-Bastante et al., 2011; Wang et al., 2013),
malic acid was reported in the range 1.5-3.3 g/L (Cejudo-Bastante et al., 2011; Pan et al., 2011;
Redzepovic et al., 2003; Torrea et al., 2011) while citric acid was reported low as 0.1 g/L (Wang et al.,
2013). The highest content of these acids was detected in H3 wines since HO grape juice had the highest
total acidity (Table 5.3).

Relatively low content of lactic acid detected in presented experiment (0.07-0.12 g/L; Table 5.7) respect
to other studies addressing similar topic (0-0.7 g/L) (Cejudo-Bastante et al., 2011; Redzepovic et al.,
2003; Wang et al., 2013) are suggesting that malolactic fermentation was partly completed.

Interestingly, succinic acid concentration in all samples (n.18 in total) varied from 1.94 (Y2 yeast with
H2) to 2.60 g/L (Y1 yeast with H1), which is noticeably higher respect to concentrations of succinic acid
often present in Chardonnay wines (~0.3-1.4 g/L) (Redzepovic et al., 2003; Torrea et al., 2011; Wang
et al., 2013) or white wines in general (up to 1.7 g/L) (Coulter et al., 2004; Patrignani et al., 2016). The
high values of succinic acid could be explained with a relatively high content of vitamins (e.g. thiamin)
added as Nutristart (see 5.3.1.3) that have a positive impact on succinic acid synthesis by yeasts (Coulter
et al., 2004). Furthermore, succinic acid is mostly synthesized during the first stages of vinification
(Arikawa et al., 1999; Thoukis et al., 1965), which synthesis may be increased in pasteurized (Shimazu
and Watanabe, 1981) and non-clarified grape juice (see 5.3.1.2), due to high content of nutrients for
yeasts. These results are indicating that regulation of yeasts nutrition may serve as an alternative approach
to regulate wine total acidity and pH value during the ‘hot” vintages which are often followed by low total
acidity and high pH value.

Sulfur dioxide

Free SO, concentration is important parameter since it has antimicrobial and antioxidative properties
(Pezley, 2015). Quantity of free sulfur dioxide present in wine is mostly related to addition of potassium
metabisulfite or similar compounds into must and/or wine during winemaking and wine storing.
However, it could also be produced in small quantities (few mg/L) by yeasts during vinification (Pezley,
2015). Thus, as expected, grape harvest dates did not influence free SO, that was 15, 16 and 15 in H1, H2
and H3 wines. On the other hand, significant differences in free SO, concentration were detected due to
yeast selection, whereas Y3 (18 mg/L) had higher free SO, content respect to Y1 (13 mg/L) and Y2 (13
mg/L) (Table 5.5). Reversely, total SO, concentration did not differ significantly due to yeast selection
and it was 58, 66 and 65 mg/L in wines vinified with Y1, Y2 and Y3, respectively (Table 5.5). Significant
statistical differences in total SO, concentration were detected among trials with different grape harvest
dates, whereas H1 (72 mg/L) had higher total SO, content comparing to H2 (58mg/L) and H3 (58 mg/L)
wines (Table 5.5). However, even if differences were significant, all trials had total SO, content far below
legal limits set by OIV (200 mg/L for dry white wines) (O1V, 2017).
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Optical density

White wine optical density obtained at 420 nm may be used as control quality parameter since it reflects
phenolic browning which is caused by oxidation. Apart from negative impact on white wine color,
oxidation is followed also by negative impact on wine organoleptic characteristics (Singleton and
Cilliers, 1995). Optical density for Chardonnay wines obtained in the present study was similar for all
wines (0.08-0.09) and did not differ statistically (Table 5.5). Obtained results are aligned with other
studies related to Chardonnay wines that reported optical density in approximate range from 0.07 until
0.095 (Fu et al., 2009; Ricci et al., 2017). Furthermore, a relatively low optical density of wine samples
is indicating that vinification processes were performed correctly, preventing significant phenolic
browning.

Volatile aromatic compounds

Volatile aromatic profile and concentration of individual compounds determine the wine odor
characteristic. Aromatic compounds in Chardonnay wines can be derived from grapes (e.g. linalool, -
damascenone etc.), alcohol and malolactic fermentation (e.g. ethyl hexanoate, diethyl succinate etc.) and
from contact with Oak and ageing (e.g. vanillin, cis-oak lactone etc.) (Gambetta et al., 2014). Thus,
different harvest timing may influence the volatile aromatic profile. However, all detected aromatic
compounds in the present experiment were mainly derived from alcohol and partial malolactic
fermentation. Hence, differences among the trials according to grape harvest timing were mainly not
significant (Table 5.8).

On the other hand, significant differences were detected according to yeast selection (Table 5.8). In
particular, ethyl hexanoate, volatile aromatic compound important for Chardonnay characterization
(Gambetta et al., 2014), was significantly higher in Y2 wines comparing to Y1 wines (Table 5.8).
However, even if differences were detected, there was a lack of differences in fruity odor sensation (Fig.
5.6). As expected, significant differences were detected also for acetic acid, whereas Y2 has the highest
concentration of acetic acid which is aligned with other analysis (Table 5.5; Table 5.7; Table 5.8).
Furthermore, isoamyl acetate was significantly higher in Y3 comparing to Y1 and Y2 (Table 5.8). which is
aligned with literature, whereas Sc produces more isoamyl acetate comparing to Cz or Sp (Orlic et al.,
2007; Sadoudi et al., 2012). Significant differences were detected also for isoamyl alcohol, phenylethyl
alcohol butanoic acid, isovaleric acid etc. (Table 5.8).
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Table 5.8 Volatile aromatic composition of Chardonnay wines produced during vintage 2016 expressed
as mg/L. Statistical analysis differences among trials based on one-way Anova with post-hoc test Tukey
(p < 0.1; p < 0.05) are marked using different letters (see footnotes for explanation).

Compounds H1 H2 H3 Y1 Y2 Y3
Alcohols
Isoamyl alcohol 82.6+£21.0 88.6+20.7 91.8+20.7 108.7+2.9a 62.7+2.6C 86.7+9.5b
Phenylethyl 42.9420.6 41.7421.6 44.6+£19.8 66.5+2.4a 20.5+2.7¢c 38.1+1.9b
alcohol
Total alcohols 1255+41.6  130.3%41.7 136.3+40.2 175.2+4.6a 83.2+4.0c 124.9+10.8b
Esters
Isoamyl acetate 5.9+1.3 45+1.1 5.1+1.5 4.9+0.7b 3.8+0.7c 6.6+0.7a
Ethyl hexanoate 0.8+0.0 0.9+0.2 0.8+0.1 0.8+0.0b 0.940.2a 0.8+0.0b
Ethyl octanoate 1.3+0.0 1.5+0.2 1.3+0.2 1.3+0.1 1.5+0.2 1.3+0.2
Ethyl lactate 9.1+2.4b 12.5+2.5a 14.6+2.8a 14.5+2.9a 12.0£2.0a 9.2+2.7b
Mono-ethyl 15.9+4.4 16.3+4.2 18.9+5.0 22.1+1.8a 13.8+1.8b 14.2+2.4b
succinate
Diethyl succinate 2.8+0.3 2.7£0.4 2.8+0.4 3.1+0.2a 2.4+0.2b 2.7+0.1b
Total esters 35.7+6.4 38.3+6.1 43.3+7.5 46.7+4.0a 34.4+1.7b 34.7+4.7b
Acids
Acetic acid 51.4+48.5 72.5+54.6 55.8+51.0 45.3+£16.2b 129.3+15.0a 17.3+1.8c
Butanoic acid 1.2+0.1 1.3+0.2 1.2+0.2 1.1+0.1b 1.4+0.1a 1.3+0.0a
Isovaleric acid 0.8+0.1 0.8+0.1 0.8+0.1 0.9+0.0a 0.7+0.1b 0.9+0.1a
Hexanoic acid 5.0+0.2 5.240.9 4.9+0.5 4.5+0.3b 5.6+0.8a 5.240.1a
Octanoic Acid 5.8+0.4 5.9+1.0 5.8+0.8 5.3+0.4f 5.940.9¢ 6.3+0.3d
Total acids 64.3+48.2 85.8+55.6 68.5+50.8 57.2+1.6b 142.9+1.6a 30.9+1.9¢
Other
y-Butyrolactone 0.8+0.4 0.8+0.1 0.9+0.1 0.8+0.2 1.0£0.3I 0.7+0.1k

Table values present mean (£SD) of single analysis for six trials conducted with same grape picking date or yeast

selection.
Average values assigned by different letter are statistically different from each other, by Tukey test at p < 0.05 (a, b

andc),andatp < 0.1 (d, e and f).

However, only a few of detected compounds were present in concentrations higher than odor threshold
limits (Table 5.9). Volatile aromatic compounds that were present in concentration at least 50 times
higher than threshold limit are characterized with fruity odor sensation, suggesting that wines were mostly
perceived as fruity by the panelists (Table 5.9). These findings are aligned with sensory analysis whereas
fruity odor sensation had higher scores comparing to complexity, herbal, alcoholic and floral odor
sensation (Fig 5.6; Fig 5.7). Other compounds that were detected in the concentration higher than
threshold limit (e.g. isovaleric acid, y-butyrolactone, phenylethyl alcohol; Table 5.9) most likely
contributed to the odor complexity sensation which was given higher scores by panelists comparing to
alcoholic, herbal and floral odor sensation (Fig 5.6; Fig 5.7).
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Table 5.9 Volatile aromatic compounds odor activity values, description and odor threshold limits (ug/L).
Odor activity values are ratio of certain compound concentration and odor threshold limit.

Odor activity value (OAV) Odor
Compounds Description threshold
H1 H2 H3 Y1 Y2 Y3 limits
Alcohols
Isoamyl alcohol 2.8 3.0 31 36 21 2.9 Applejack, spicy’ 30000"
Phenylethyl 1 1
alconol 3.1 30 32 48 15 27 Sweet rose 14000
Total alcohols
Esters
Isoamyl acetate 196.1 150.7 168.6 164.1 1255 218.7 Banana® 30°
Ethyl hexanoate 55.3 62.8 581 544 666 56.7 Fruity® 14!
Ethyl octanoate ~ 258.4 2919 2543 2534 2914 266.0 Pineapple, pear, floral* 5t
Ethyl lactate 0.1 0.1 01 01 01 0.1 Fruity, buttery® 150000°
Mono-ethyl
succinate 0.0 0.0 00 00 00 0.0 Caramel, coffee’ 1000000*
Diethly succinate 0.0 0.0 00 00 00 0.0 Fermented, floral* 200000*
Total esters
Acids
Acetic acid 0.3 0.4 03 02 06 0.1 Acid, fatty, vinegar*® 2000002°
Butanoic acid 7.1 7.8 72 65 80 7.7 Cheese® 173’
Isovaleric acid 24.8 252 246 268 218 255 Cheese® 33.4'
Hexanoic acid 1.7 1.7 16 15 1.9 1.7 Rancid, cheese, copra oil** 30002

Octanoic Acid 11.5 119 116 105 119 12,6  Rancid, cheese, fatty acid 500"
Total acids

Other
y-Butyro lactone 235 232 249 239 290 193 Caramel, sweet, toast* 35°

(Song et al., 2015), *(Jiang et al., 2013), * (Peinado et al., 2004), *(Sanchez-Palomo et al., 2012), °(Rapp and
Mandery, 1986), ®(Aznar et al., 2001), '(Ferreira et al., 2000).

The PCA plot allowed separation of Chardonnay wines according to volatile aromatic profile, whereas the
1" two PCs explained 91% of the variability (Fig. 5.5a; Fig. 5.5b). As it was already explained,
concentration of detected volatile aromatic compounds was more related to the yeast selection than to
grape harvest dates, hence separation will be considered only according to yeast strain selection (Table
5.9). Wines obtained with Y1 were separated according to phenylethyl alcohol, isoamyl alcohol, diethyl
succinate and mono-ethyl succinate, whereas only higher alcohols were detected in concentrations higher
than odor activity value (OAV) (Fig. 5.5a; Fig 5.5b; Table 5.9). Must fermentation with Y2 resulted in
the production of wines that were separated according to y-butyro lactone, acetic acid, ethyl octanoate and
ethyl hexanoate, whereas volatile aromatic compounds apart from acetic acid contributed to the odor
characterization of Y2 wines (Fig. 5.5a; Fig 5.5b; Table 9). Vinification with Y3 resulted in the
production of wines that were separated according to isoamyl acetate which was present in concentration
~220 times higher than OAV, suggesting that isoamyl acetate contributed in fruity odor sensation of Y3
wines (Fig. 5.5a; Fig 5.5b; Table 9).
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Figure 5.5 Principal component analysis a) scores plot of Chardonnay wines according to volatile
aromatic compounds; b) correlation loadings plot of Chardonnay wines with volatile aromatic compounds
profile. Y1-must vinified with inoculation of Saccharomyces cerevisiae/Saccharomyces paradoxus; Y2—
must vinified with sequential inoculation of Candida zemplinina and hybrid Saccharomyces
cerevisiae/Saccharomyces paradoxus; Y3-must vinified with inoculation of Saccharomyces cerevisiae;
H1-wine made with technologically mature (ratio total acidity/sugar content) Chardonnay grapes; H2—
wine made with Chardonnay grapes obtained during ‘delayed harvest’; H3—wine made with blend of
Chardonnay grapes obtained during ‘early green harvest’ and Chardonnay grapes obtained during
‘delayed harvest’; AceA-acetic acid; ButA-butanoic acid; HexA-hexanoic acid; EthO—ethyl octanoate;
PheA—phenylethyl alcohol; IsoA—isoamyl alcohol
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5.3.2.2 Influence of early green harvest and yeasts selection on wine sensory

Quantitative descriptive sensory analysis

Wine sensory characteristics is important wine quality parameter that depends on wine physical properties
(e.g. density, color) and chemical composition (e.g. volatile esters content, organic acids content), and
which determines final wine price to a great extent (Gambetta et al., 2014). As concluded earlier,
different grape picking timing altered chemical composition of Chardonnay wines (Table 5.5; Table 5.6;
Table 5.7), that caused certain significant differences in wine sensory characteristics (Fig 5.6). These
significant differences were more related to taste variables, while olfactory variables of Chardonnay
wines did not differ significantly (Fig 5.6). In particular, differences were detected in acidity, sweetness
and bitterness. The highest acidity perception was detected in wines obtained with part of unripen grapes
(H3; Acidity perception score=6.00) while other two trials H1 (4.67) and H2 (4.80) had approximately
same acidity perception. This is aligned with total acidity and pH values whereas H3 wines had the
significantly highest total acidity and significantly lowest pH value (Table 5.3). Obtained results aren’t
surprising since addition of unripen grapes increases acidity as it was reported in several studies
addressing similar topics (Kontoudakis et al., 2011a, 2011b). Opposite to acidity perception, sweetness
perception was lower in H3 wines (sweetness perception score=2.32) comparing to H1 (2.93) and H2
(2.92) that had approximately equal sweetness perception. Even if detected, differences in sweetness
perception were not related to sugar quantity since all wine had residual sugar concentration below 0.2
g/L, these differences were most likely related to organic acids quantity. This phenomenon may be
explained with mutual interaction of sweetness and acidity perception whereas addition of sugar suppress
acidity and vice versa (Green et al., 2011). Thus, in conditions of constant sugar concentration,
increasing acids concentration may cause lower sweetness perception. Significant statistical differences
were also detected for bitterness, whereas H3 wine had the highest bitterness perception (2.84), followed
by H2 (2.50) and H1 wines (2.08) (Fig. 5.6). The highest bitterness perception of H3 wine is again related
to addition of unripen grapes which is aligned with literature (Kontoudakis et al., 2011b). Thus, to avoid
production of bitter and acidic wines, quantity of added unripen grapes need to be regulated with caution.
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Figure 5.6 Sensory analysis scores of Chardonnay wines produced during vintage 2016 according to
grape harvest timing. Values are the mean of 25 replicates of all samples (n=75). Statistical analysis was
performed with Kruskal -Wallis test (* — p<0.05; ** — p<0.1).

On the other hand, sensory characteristics can be influenced by yeast selection as well. Those differences
may be related to wine taste characteristics (Gobbi et al., 2013; Tofalo et al., 2016), or to wine olfactory
characteristics (Varela et al.,, 2017; Wang et al., 2017). However, even if certain differences were
detected (e.g. flowery odor) they were not statistical significant (Fig 5.7).
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Figure 5.7 Sensory analysis scores of Chardonnay wines produced during vintage 2016 according to
yeast strain selection. Values are the mean of 25 replicates of all samples (n=75). Statistical analysis was
performed with Kruskal -Wallis test (* — p<0.05; ** — p<0.1).
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Preference test

According to non-parametric Kruskal-Wallis test wines did not differ statistically in regard to the average
preference scores (PreSc) (Table 5.10). The lowest PreSc were assigned to the H3 wines (3.27) and Y2
wines (3.23), while other wines had approximately equal PreSc (3.55-3.59).

Table 5.10 Preference scores of Chardonnay wines. Statistical analysis of 75 replicates based on Kruskal -
Wallis test (p < 0.05; p < 0.1).

Variable Preference scores

H1 3.57+1.68
H2 3.55%1.72
H3 3.27£1.65
Y1 3.59+1.77
Y2 3.23%1.67
Y3 3.57+1.59

Values are the mean (£SD) of twenty-five analyses for three trials conducted with same grape picking date or yeast
selection.

The PCA plot allowed disclosure of correlations between PreSc and the chemical composition of
Chardonnay wines (Fig 5.8a). The 1% two PCs explained 84% of the variability, whereas PC1 (57%)
separated trials according to grape picking date, while PC2 (27%) separated trials according to yeast
selection (Fig 5.8b). Along PC1, PreSc was negatively correlated with total concentration of polyphenaols,
caftaric and coutaric acid same as with total acidity, tartaric, citric and malic acid (Fig 5.8a). Thus, results
are indicating that wines H3 may be perceived as acidic and bitter when compared to H1 and H2 (Fig.
5.8a; Fig 5.8b). These results were confirmed by quantitative descriptive sensory analysis, whereas H3
wines had significantly higher acidity and bitterness sensation comparing to H1 and H2 wines (Fig. 5.6).

Inversely, ethanol concentration and pH were positively related with PreSc along the PC1 (Fig 5.8a).
Since pH value is reversely proportional on a log-scale to total acidity which is negatively related to the
PreSc, following outcome was expected.
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Figure 5.8 Principal component analysis a) scores plot of Chardonnay wines according to significant
variables of chemical composition (without volatile aromatic compounds; b) correlation loadings plot of
Chardonnay wines chemical composition (without volatile aromatic compounds) and panelist preference.
Y1-must vinified with inoculation of Saccharomyces cerevisiae/Saccharomyces paradoxus; Y2-must
vinified with sequential inoculation of Candida zemplinina and hybrid Saccharomyces
cerevisiae/Saccharomyces paradoxus; Y3-must vinified with inoculation of Saccharomyces cerevisiae;
H1-wine made with technologically mature (ratio total acidity/sugar content) Chardonnay grapes; H2—
wine made with Chardonnay grapes obtained during ‘delayed harvest’; H3—wine made with blend of
Chardonnay grapes obtained during ‘early green harvest’ and Chardonnay grapes obtained during
‘delayed harvest’; AAcid—-acetic acid; VolAcid—volatile acidity; CafAcid—cafftaric acid; p-Cou—p-
coumaric acid; TotPoly-total polyphenols; TotAci—total acidity; TAcid—tartaric acid; MAcid-malic acid,;
CAcid—citric acid; SAcid-succinic acid; Pref—panelist preference; pH—pH value; Alc-alcohol content.
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Although the positive correlation between ethanol concentration and PreSc was detected, results
suggested that low alcohol wines H1 and H3 were slightly preferred in that regard when compared to H2
wines (Fig 5.8b).

On the other hand, along PC2 wines were separated according to yeast strain selection, with PreSc
negatively related to acetic acid and volatile acidity, whereas succinic acid seemed to have a positive
effect on PreSc (Fig 5.8a). However, the results indicated that these variables and yeast strain selection
had a minor impact on PreSc when compared to grape picking date and related variables separated along
PC1.

The PCA allowed also disclosure of correlations between PreSc and results from quantitative descriptive
sensory analysis of Chardonnay wines, whereas the 1% two PCs explained 88% of the variability (Fig.
5.9a; Fig. 5.9b). Along PC1 (63%) PreSc was negatively correlated with bitterness and acidity, and
positively correlated with taste and odor complexity, fruity odor sensation and sweetness (Fig 5.9a). The
negative correlation of PreSc with bitterness and acidity was expected since H3 wines which were
characterized as the most acidic and bitter and had the highest total acidity and total polyphenol content
(Table 5.5; Fig 5.6). The positive correlation of sweetness perception with PreSc was not related to sugar
guantity since all wines had residual sugar concentration below 0.2 g/L, these differences were most
likely (inversely) related to organic acids quantity, as it was already explained. The importance of odor
and taste complexity on PreSc of Chardonnay wines that were detected in the present experiment is
aligned with a recent study related to quality ratings of Chardonnay wines (Gambetta et al., 2017).
Authors pointed out that richness on palate was assigned by the expert panel as a property of the highest
guality Chardonnay wines. However, authors also reported that all young Chardonnay wines (similar to
wines in the present experiment) corresponded to fruitier and fresher sensation which was not considered
as a property of the highest quality Chardonnay wines. These results are suggesting that positive
correlation of PreSc with fruity odor sensation is related only to young Chardonnay wines, whereas
fruitier young Chardonnay wines are more preferred compared to less fruity young Chardonnay wines.
The most important variables along the PC2 (25%) were alcoholic taste and odor and herbal odor which
were all distant from PreSc (Fig 5.9a). Obtained results are suggesting that lower alcohol content of H1
wines is more preferred compared to H2 wines (Fig 5.9a), which was also confirmed by PCA loading
plot of chemical composition and PreSc (Fig 5.9a). The negative correlation of herbal odor perception
with PreSc is might be related to high acidity and bitterness, therefore high total acidity and polyphenol
content, whereas such wines (H3 wines in the presented experiment) might give a general impression of
wines made from unripe grapes with green grapes odor nuances or harshness on the palate. In fact, a
recent study reported that Chardonnay wines with the highest acidity and polyphenol content were
significantly different among other Chardonnay wines according to green odor and harshness on the
palate (Olejar et al., 2016).
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Figure 5.9 Principal component analysis a) scores plot of Chardonnay wines according to significant
variables of quantitative descriptive sensory analysis; b) correlation loadings plot of Chardonnay wines
guantitative descriptive sensory analysis and panelist preference. Y1-must vinified with inoculation of
Saccharomyces cerevisiae/Saccharomyces paradoxus; Y2—-must vinified with sequential inoculation of
Candida zemplinina and hybrid Saccharomyces cerevisiae/Saccharomyces paradoxus; Y3-must vinified
with inoculation of Saccharomyces cerevisiae; H1-wine made with technologically mature (ratio total
acidity/sugar content) Chardonnay grapes; H2-wine made with Chardonnay grapes obtained during
‘delayed harvest’; H3—wine made with blend of Chardonnay grapes obtained during ‘early green harvest’
and Chardonnay grapes obtained during ‘delayed harvest’; Aci-acidity; HerO-herbal odor; AlcT-
alcoholic taste; AlcO-alcoholic odor; Swe—sweetness; Tcom-taste complexity; Ocom—odor complexity;
FruO—fruity odor; Pref—panelist preference.
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5.3.3 Conclusions

Preliminary results obtained in this experiment suggested that combined approach of ‘early green harvest’
and lower ethanol yield yeasts can reduce wine ethanol content (~1.2% v/v) and increase wine total
acidity (~2.5 g/L as tartaric acid) in Chardonnay wines. Grape picking date had a greater effect on
dealcoholization and acidification of Chardonnay wines when compared to yeast selection. However,
wines produced with combined method were less preferred for consumption due to acidic and bitter
perception of these wines. Hence, grape juice obtained from unripe grapes can require further chemical
deacidification and fining to eliminate redundant acidity and bitterness. The grape juice acidity obtained
from unripe grapes may also be reduced by vinification of these grape juices, due to higher yeast
consummation of malic acid under these conditions (Bovo et al., 2016). Therefore, the presented
experiment has pointed out advantages and drawbacks of a combined strategy to mitigate the impact of
most likely upcoming hotter and drier vintages in the future decades.
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Appendix D — Phenological growth stages and BBCH-identification keys of
grapevine

El'apE'l'iIIE Lorenzet ., 1994
growth stages and BBCH identifioation keys
of grapevine
[Wtis Wiy L. 5. vinkra)
Code IDescription
Prinoipal growth stage 0- SproutingBud development

oo Dommancy: winter buss pointed & mounded, Iight or dark broan
" Bagiming of b susling. bucs begin o expand Inside e tud
03 End of bud sheling bucs swoten, bt ot qreen

5 mnagru;gm

o7 g of o Hn:ll Jusst wisibie

w6 Rl Dres Geen snoct e ety

Prinoipal growth stage 1: Leaf development
11 [First eall urinided and spread away from shoot

12 2nd leaves urmoided
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1. ‘Siages continuous il . .

19 9 or more leaves unfolded

Prinoipal growth stage &: Infloresoenoe emerge
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5 Imforescences Tully developed; owes separating
Prinoipal growth stage &: Flowering
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Grapevine weweta. 15
Phenologioal growth stages and BECH-identification keys
of grapevine
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Appendix E — Effect of late winter pruning on Sangiovese grape berry
composition from organic management

EFFETTO DELLA POTATURA TARDIVA SULLA COMPOSIZIONE DIUVE
BIOLOGICHE SANGIOVESE
EFFECT OF LATE WINTER PRUNING ON SANGIOVESE GRAPE BERRY
COMPOSITION FROM ORGANIC MANAGEMENT

Memsnja Teslic'"", Andrea Versari'

'Digpastment of Agriculteral and Food Scismcss, Usivemsity of Bologm, Piarza Goidanich 60, Cessna, (FC), 47321, Inly.
. el g

Abstract

Mitigation strategies, such as late winter pruming, can be imposed in order to slow dowm shoot growth and sogar
acrumulation in the berry. During 2015 vintage, three different timimg of winter pmming were applied to organic cv.
Sangiovese vines: control T1 (December), T2 (March) and T3 (April). At harvest, the concentration of total soluble solids
were significantly higher in vines submitted to T3 (2443 Bx™) and T2 (24.13) respect to T1 (23.0) while yield in plants
treated im T1 (224 kgiplant) and T2 (2,14) was significantly higher compared to T3 (1.25). Bemry weight was lower
without significant difference in vines submitted to T3 (1.95 gbemy) respect to T (2.01) and T2 (2.07). Bemy juice
titratable acidity was lower without significant difference in T1 (7.55 g tartaric acid) compared with T2 (7.60) and T3
(7.71), while pH was similar within treatments, 3.17, 3.14 and 3.14 in T1, T2 and T3, respectively. Mumber of bunches per
plant was 14, 15, 11 in T1, T2, T3, respectively. Although T3 displayed significantly higher berry TS5 compared with
control T1 amd T2 a slower shoot growth was observed during the early phenological stages and significantly lower yield
compared to T2 and T1 was detected Therefore, further smdies of late winter pruning application on grapevine need o be
conducted with included monitoring of leaf to fruit area and techniques which control sink-source balance, such as cluster

thinning, in crder betber understand potential of TS5 reduction in vines.

Keywords

Bermy composition, climate change, mitigation strategies, organic Sangiovese grape, sustainability.

Parole chiave

Composizions uve Sangiovese, cambiamento climatico, strategie di mitizgarione, biologico, sostenibilita

Imtroduction

Grape and wine production is affected by climate change,
(Fraga et al. 2014), which is responsible for over 50 % of
higher alcobhol content in wines during past years (Jomes
2010). In particolar, incTeasing temperatre  dunng
wegetative seasom boosts phenological phases and sugar
acrumulation in the berry, whichmay leadto the
production of wines with high alcohel levels (Duchéne and
Schoeider 2005; Jones 2013). Excessive aloohol in wines
may canse varions microbiological, technological, sensorial
and financial implications to the wine industry (Mira de
Ordufia 2010). In particular, during warm seasons high
ETEpE SUFAT COnCentTation it harvest may canse slow'stuck
alcobolic fermentations (Coulter et al. 2008), as well alter
sensory feammres due to ethanol’s tendency to suppress the
perception of sourness (William 1972), reduce astringency
perception (WVidal et al 2004) and increase biftemess
perception (Sokolowsky and Fischer 2012). Moreover, in
the USA winemakers need to pay additionsl taxes if wine
contains more than 14.5% viv of alcohol, whereas in ETT
the alcobol limit for table wine is 15.0% wv. Recently
consumers showed preference for wines with lower alcobol
content (between 9 and 13% wv) (Massot et al 2008).
Therefore, excessive wine alcobol removwal or sugar
acrumulation reduction techniques needed to be applied in
order to mitizate mentioned implications.

Mitigation techniques can be divided in three groups: (T)
vineyard management — shoot trimming (Filippetti et al
2011; Rombaola et al., 2011; Fombola et al., 2014; Rombola
et al., 2015; Bondada et al, 2014), late imigation
(Fernandez et al 2013) etc, (II) biotechnological approach —
yeast with lower ethanol production (Giaramida et al. 2013)
and (IOI) winery management — nanofiltration, reserve
osmosis (Massot et al. 2008), spinning cone colomn
(Belisarin-Sanchez et al. 2009) etc.

Possibility of slowing down berry sugar acowmulation
through canopy management practices, is of paramonnt
importance in organic farming due to prohibition of
techmiques, such as dealooholization, to comwect wine
alcohol (Reg. EC 2053,/2012).

Therefore, this study was focnsed on late winter pruning, as
one the vineyard management techmigues to mitizate total
soluble solids (TS5) in grapes, applied to the organically
cultivated Sangiovese grapes which is main red cultivar
cultivated in Italy (planted in approximately 10% of owverall
vineyards) .

Materials and Methods

The experiment was performed im 2015, in a matre
vineyard of cov. Ssmgiovese (clone FEDIT 30 ESAVE),
Fitis vinjfera L., grafted on Eober 5BE roowstock and
trained to Cordon du Foyat. The wineyard is located in
Tebano (Faenza, FA), Iraly (44°177" I, 11°52'50"E, 117
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m asl), in a medium hill slope, with South-East/North-
‘West and downhill oriented rows. Vines were spaced 2.8 m
x 1.0 m (3,571 plants'ha). Starting in 2007, the vineyard
was managed as organic in accordance with Reg. EC
834/2007 (EC., 2007). Since 2007, no imgation water has
been supplied and no fertilizers have been provided. The
vineyard was treated to control diseases and pests, using
organic products allowed by the EC Regulation (EC, 2002).
Yearly, at the end of the vegetative season, herbaceous
species were sowed in alternate planting rows, such as fava
bean (Vicia faba), barley (Hordeum vulgare) and in the row
strip, Trjfolium subterraneumon. Soil was managed by
moving the vegetation in late spring and successively
maintaining the biomass on the soil surface.

The experiment included 3 treatments, in a block-
randomized experimental design:

(1) Treatment 1 (Tl-control) — pruning performed in
December, BBCH=0;
(n)mmgm2(12)-plmgpuﬁomedmm
BBCH=0;

(1ii) Treatment 3 - pruning performed in April, BBCH=12.
Each treatment was applied to 3 replications, for a total of 3
experimental plots, each including 9 sample plants (total 27
sample plants).

Grapevine development was followed dunng whole
vegetative season with BBCH scale (Lorenz et al, 1994)
The occuwrrence of bud break (BBCH=7; green shoot tips
clearly visible), flowering (BBCH=65; 50 % of flowerhood
fallen), veraison (BBCH=83; 50% of colored bunches) and
technological maturity (BBCH=89; optimal ratio between
total soluble solids and titratable acidity) were monitored.
Samples of 100 berries, randomly chosen from the top,
middle and bottom of the bunches were collected, in each
experimental plot, five times from veraison to harvest and
following parameters were evaluated: bemry weight
(technical balance Gibertini Elettronica S.r.1, Milan_ Italy).
total soluble solids (TSS, Electronic Refractometer Maselli
Misure S P.A., Parma, Italy), titratable acidity (TA) and pH
(Crison Compact Titrator, Crison Instrument SA,
Barcelona, Spain).

At harvest, productive parameters, such as mumber of
Dynamometer, Wunder SA-Bi Srl Milan Italy), and
bunch weight.

Parametric data were submitted to one way Anova in order
to detect differences within parameters. For the further
exploration of differences, parameters with significant
difference detected with Anova (TSS and yield per plant),
were submitted to the Least significant difference (LSD)
post hoc test. Tests were performed with significanse level
of 95 and 90 %.

Result and Discussion

Plant

Bud burst (BBCH=7) occurred in the same period for all
treatments. From bud burst until the middle of August,
plant development of control plants and vines submitted to

T2 were slightly different, whereas since middle of August,
T2 had tencency to develop faster. In plants submitted to
T3 a delay in early periods of plant development was
observed compared to T1 and T2. This delay in plants
submitted to T3 was compensated at veraison, ultimately
leading, to a fastest development, respect to the T1 and T2,
until harvest period (Fig. I; Fig.2).

Teh rearority
Veralarn

Famearder

Tz Besak

P Menn RO HMatae

arpr

Fig 1 - Lorenz et al. extended BBCH scale of grapevine
development submitted to T1, T2 and T3 from plant
dormancy period (BBCH=0) until technological maturity
(BBCH=89). T1 - winter pruning performed in December;
T2 - winter pruning performed in March; T3 - winter
pruning performed in April.

Fig. 2 - Shoot growth progress on the April 24*; up, T1 -
winter pruming performed in December; center, T2 - winter
pruning performed in March; down, T3 - winter pruning
performed in April.
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Plants submitied to T3 had tendency to develop slower
compared to T1 and T2, maximum differences were
reached between bmd burst snd flowering. Flowerning
(BBCH=65) occwrmed slightly earlier in T1 compared with
T2, while in T3, flowering was significantly delsyed
respect to T1. Verison (BBCH=83) ocowmed slhightly
earlier in T1 compared with other restments.
Technological maturity was observed slighly earlier in
vines subbmited to T3 respect to T2 and T1.

Technological paremeters
At harvest, TSS was 24.3, 24.13 and 23.0 Bx" in T1, T2
and T3 respectively (Tab.1).

Tab. 1 - Grape composition and productive paramerars of
organically cultivated cv. Samgiovese, submirted to TI, T2
and T3 reatments during vintage 20135, one way Anova: a -
00 % sigmificance, N5 - not significant; LED: b — different
Jrom Tl with 90 % zignjficamce, ¢ — different from T1 wirh
05 % signjficance, d — different from T3 with 237 %
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Fig. 3 - Seasonal trends of tetal soluble solids (TS5, Brix)
and fitratable acidity (T4, gL tariaric acid), recorded m
2015 om cv. Samgiovese vines submitted T1, T2 and T3
Data are means of n=3 vaiues. TI - winter pruning
performed in December; T2 - winter prunmg pevformed i
March; T3 - winter pruning performed in April.

Dme to slighy faster plant development, bemies from T1
plants had higher T55 at 20th of Tuly, compared with T2

and T3. However, differences within reamments decreased
umtil 26th of Angust, when TS5 was same in all reatments.
(Fig. 3).

Bemries from plants submitted to T3 displayed faster total
soluble solids acoommulation respect to the T1. At harvest,
T3 had significanty higher TS5 respect to T1, while no
differences were observed between T2 and T3. Highest
TS5 conceniration in bemies of vines submitted to T3 at
harvest may possibly be explained with different source-
sink balance within treamments caused by different yield per
(T1 and TZ) have higher carbon demand in order to reach
certain value of TS5 while plants with lower yield per plant
(T3) have lower carbom competiton within unches
resulting faster sugar aconmulation (Bobeica et al, 20015).
Since leaf to fruit area was not monitored, last statement
need to be taken with caution. Although hizhest quantity of
zoluble solids vines submitted to T3 was achieved, which is
contrary to the desired objective, forther sudies need to
inchide, next to later winter prning, monitoring of leaf to
foit area and techodgues which comirel sink-sounce
balance, such as choster thinning, in order better nnderstand
potentizl of TS5 reduction in plants subbmited to Late
winter pruning. Opposite to TS5, at the end of Faly, TA
was highest in T3 comparing to T1 and T2 to TI.
Differences in tiratable acidity levels amonz ireatmments
decreased until the beginning of September. At harvest
slighly higher TA values were detected in berries from
plants submitted to T3 compared with thess of T2 and T1
vines, however, detected differences, were not significant
Similarly, berry juice pH at harvest was similar in all
weatments 3.14, 314 and 317 im T3 T2 and TI,
respectively. In other stodies (Palliotti et al 2014)
sizmificant TS5, pH, titratable acidity and bemry weight
reduction was detected when winter pruning was applied on
vines before bud burst (BBCH=0) respect o vines where

Productive parameters

Parameters, such as number of bunches, weight per bemy,
cluster weight were not significant within treatments while
sigmificant differences were detected im yield per plamt
(Tab. 1. Lowest plant yield within T3 comparing to T1 and
T2, same as plant development in early stages, may be
bud burst {T1 and T2), after bud burst (T3), which is in
agreement with literature (Palliotti et al 2014). Palliotd et
al. (2014) applied pruning on cv. Samgiovese grapes and
detected significant yield reduction when winter pruning
was applied afier bud burst event.

Conclusion

Late pnming infloenced plant development In particular,
plants submitted to T3 had a delay in early periods of plant
development compared to T1 and T2. This delay in vines
submitted to T3 was compensated at veraison, ultimately
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Abstract

Present study aimed to ascertain whether the combination of two factors, Le.. time of harvest and type of yeast, can signifi-
cantly moderate the effect of climate change on Chardonnay wine composition. In this view, thee Chardonnzy musts obtaimed
from grapes at different harvest daie [technological maturity *as control”; delayed harvest; a mixture of ‘early {green) harvest’
with delayad harvest *as aliemative apprmach’ | and three selacted yeast strains [Saccharomiyces cerevisiae "85 control”’; hybrid
Suceharowiyces cerevisiod Saccharomyces paradoxus; sealar alter rafive approach with Starmerella bacillaris and hybrid
Saceharomyces cerevisioelSaccharomyces paradorus] wemre used to design and compare six different trials, replicated at
pilot level (x. total ermentations: 18). Wines wemne evaluated in ierms of sensory and chemical parameters (alcohol, acidity,
organic acids, phenolic compounds and ghycerol) and resulis ested by statistical analysis. Although the wine alcohol content
decreased at the best by — 1.2% wiv, whemeas the total acidity increased op to — 2.5 gfL., the results from sensory evaluation
highlighted that the proposed ‘alternative approach’ may cause excessive acidity and bitterness pemeption, therefore, further
deacidification and fining treatments may be needed. The present approach to reduce the alcohol content of wine and increase
its total acidity is simple, inex pensive and applicable in all wineries.

Keywords Chardonnay - Climate change - Harvest date - Low alcohol wine - Yeasts

Introduction

It is well known that climate change is parily responsible
for the elevated sopar concentration and lower acidity in
grape must [1-4]. Since there is a growing trend that fully
matured and fully flavored wines are more valued and
demanded by consumers, wine styles and market trends may
also be responsible for the elevated sugar concentration and
lower acidity |5, 6]. Higher temperatumes often coupled with
elevated air C0; concentration are main climate driver of
higher sugar accumulation in grape berries doe to hastened
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pace of phenological events [7, B]. Under these climate
condition, synthesis path of carbohydmtes is preferential
comparing to the synthesis path of secondary metabolites,
such as anthocyanins [9]. In addition, moderaie waler stress
may accelerate sugar accumulation in berry as a result of
inhibiting lateral shoot prowth allowing transportation of
carbohydrates to berries or a5 a direct effect of grapevine
hormone (abscisic acid) activation during maturity process
[10]. Om the other hand, elevaied emperatures and air 00,
concentration have a negative influence on total acidity and
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malic acid content in grape must due to lower efficiency of
malate synthesis and higher malic acid degradation [9, 11].
In practical view, during warm and dry vintages, prapes will
reach technological maturity earlier (optimal sugar/acidity
ratio), while flavor compounds could remain undeveloped.
However, if viticulturists wait for full lavor development,
sugar acidity ratio could be undesirable [B], and lead to the
production of *flabby” wines (elevated alcohol content and
low total acidity) [ 12]. Elevaied temperatures may also alter
the aromatic profile, ie., due to excessive berry temperatuse s
synthesis of terpenols (ie., linanol, nerol, geraniol) in <
Muoscatel de Alefandria is tending to be lower [13]; depgra-
dation of aromatic precursor 3-Isobutyl-2-methoxy pyrazine
present in cv. 5 Semillon, Sauvignen Manc, Caberner Sou-
vignon, etc. is higher during warmer vintages [ 14]. Reduc-
tion of precipitation may affect aromatic profile as well, Le.,
content of primary aromas ty pical for cv. Muscar Blane was
usually lower during the dry years over the last two decades
in the northeastern Slovenia [15].

‘With the sssumption that climate conditions similar to
2007 in Ewrope will most likely occur frequently—ie.,
extremely high spring temperatures, advanced phenology
[16]. high must sugar content and low muost total acidity
[ 17| —winemake rs need mone practical tools to handle with
potentizl change in alcohol level and total acidity of their
wines.

Many studies were already conducted on this field test-
ing different techniques and methodologies which may
be divided into four groups: viticulture techniques, pre-
fermentation technigues, biotechnological technigues
and post-fermentation technigues. Viticulture technigues
are related to vineyard management which could signifi-
cantly change development of vines during the growing
season, thus alter the berry composition at harvest, i.e.,
well-timed application of winter pruning may decrease
berry total soluble solids content by 1.6°Brix, increase
must total acidity by 1.8 g/L. increase must anthocya-
nins and phenolic concentration and significantly lower
grape yield [18]. Post-véraison shoot trimming may also
decrease supar conient in berries for 1.2°Brix [19]. Early
harvest may be used as well to decrease alcohol content
and increase acidity in wines. A siudy reported that of
mixing low-alcohol wines (- 5% w'v alcohol content)
obtained with grapes harvested at wéraison and grapes
harvested at full phenological maturity resulted in final
wine ethanol level reduction of 0.9, 1.7 and 3.0% v'v and
wine total acidity increase of 0.8, 0.8 and 2.2 g/L. in Caber
net Sauvignon, Merlot and Bobal wines, respectively [20].
Pre-fermentation technigues may include certain physical
treatments such is nanofiltration, whereas utilization of
semi-permeable membranes allows removal of excessive
sugar. Two-step nanofiliration was tested on red grape
must, obiaining afterwards wines with - 1.4% v/v lower
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alcohol content with minor differences on other wine qual-
ity parameters and lack of differences in sensory analysis
mesults [21]. Dilution by water addition may be another
pre-fermentation echnigue, wheress water addition (- 18%
viv) and partial emoval grape muost (- 18% viv) mesulied
in 4°Brix sugar content reduction compared to initial high
sugar content must {28"Brix) and esulted in the produc-
tion of wines with similar phenolic content and aroma
attributes a5 control (only water addition — 18% wiv) [22].
However, water addition is not allowed inm all countries
({ie., Italy and France). Biotechnological techniques may
include utilization of genetically modified microorgan-
isms (GMO), whereas altering the penome is possible to
medirect metabolic flux away from ethanol synthesis path
towards the production of other metabolites (i.e_. ghycerol,
acetic acid) [23]. Similarly, to water addition utilization of
GMO is restricted in certain countries. The most popular
and widely accepted biotechnological technique is utilizs-
tion of various non-Seccharomyces cerevisiae species as
inoculation cultures instead of traditional Saccharompces
cerevizige (5¢) yeasts. Researchers already investigated
many different species as a single inoculation culture or
in scalar inoculation of two species (one is usually Se)
which resulted in alteration of alcohol content, aromatic
profile, volatile acidity, total acidity, glycerol content etc.;
ie., sequentizl imoculation of M & schrikowia pulcherrima
with 5¢ resulied in ethanol reduction by 1.6% v'v, increase
of higher alcohols and decrease of volatile acids in Shirae
wines [24]. A recent study investigated sequential inocula-
tion of Lachancea thermofolerans and 5S¢ which compar-
ing to inoculation with 5« resulted in lower ethanol yield
{—0.7% wiwv), higher total acidity (- 5.4 g/L.) and volatile
acidity (0.18 g/L.), higher glycerol content (2.2 g/L.), etc.
[25]. Post-fermentation technigues similarly to pre-fer-
mentation techniques may utilize semi-permeable mem-
branes to remove excessive alcohol content. There am var-
ious techniques, such as nanofiliration and reverse osmosis
({hy drophilic membranes), pervaporation and evaporative
perstraction (hydrophobic membranes); ie., alcohol was
partially removed (2% viv ) from Merlot wines by utiliza-
tion of evaporative persiraction which was followed by
loss of certain aroma compounds, however, with lack of
differences in wine sensory characteristics [26].
Howewer, the most of prev ious imvestigations on the field
generally focus on a single approach only (viticulture man-
agement or microbiology or physicalichemical treatments),
while at real industry level, the proper solution is 2 combina-
tion of different echniques most of the time. Furthermaore,
maost often the fermentation trials ae tested at laboratory
level only and there is a need to scale up the trials to larger
experimental volumes prior to final industrial scale. There-
fore, the present study investigated a combined approach—
ie. viticulture and biotechnology—based on different timing
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of grape harvest and the use of three selected yeast strains
to reduce the alcohol content and increase the total acidity
of Chardonnay wine.

Materials and methods
Chemicals and reagents

(Citric acid, lactic acid, L-malic acid, succinic acid, acetond-
trile, (+}catechin, (—}-epicatechin, caffeic acid, ghycerol,
sodium hydroxide, sodiom carbonate and pallic acid wene
purchased from Sigma-Aldrich (Steinheim, Germany ).
L-tartaric acid, sulphuric acid, p-coumaric acid, Folin—Cio-
calten’s reagent, acetic acid and calcium by droxide wene pur
chased from Merck (Darmstadt, Germany ). Glucose, yeast
extract and peptone wemne purchazed from Oxoid (Basing-
stoke, United Kindom). Ethanolic solution of phenolphthe-
lein was purchased from Carlo Erba (Milan, Italy). Ferulic
acid was purchased from Extrasynthese (Genay, France).
Glycerol enzymatic kit was porchased from Steroglass
(Perugia, Italy). Silicon antifoam was purchased from Ing.
Castore Bullio (Milan, Italy).

Yeasts selection and preparation

The strains wsed for the fermentations weme: YVinl3
{V; Saccharomyces cerevisiae “as control”) (Oeno-
brands, France), Exotics (E; hybrid Saccharomyces
cerevisigelSaccharomyces paradorus) (Oenobrands,
France) and Starmerella baecillaris FTENT (strain iso-
lated at the University of Teramo) in scalar alfernative
approach with Exotics (§). For each fermentation (in total
r. 18; Fig. 1), yeasts were activated in 10 mL of liguid
yeast extract peptone dextrose (10 g/L. peptone, 10 g/L
yeast extract, 20 g/l glocose) and incubated for 24 h at
25 *C. Then, the yeasts werme re-inoculated imto 250 ml of
non-clarified and pasteoriced muost (pasteurization con-
ditions; 65 “C for 30 min) and then incobated for 24 h
at 25 °C to obtain at least 107 log CFU/mL. Activated
yeasts were directly transferred into prape must (for details
see following ‘Grape-harvesting- and winemaking proce-
dure’). The fermentations inocuolated with Starmerella
bacillaris were inoculated in scalar approach (at alcohol
content - T-8% wiv) with 30 g/hl. of yeast E to prevent
the occummence of late spontaneous fermentation and the
incidence of wild 5c strains.
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Grape-harvesting- and winemaking procedure

The fermentations werne performed on 2016, with grapes
from cv. Chardernay trained to free cordon with a
2.5 mx 1.0 m vines spacing (4000 plants'ha). The vineyard
and winery were located in Tebano (44°287T°N; 11°T7°5"E;
Faenza, Italy). Harvest-1 (H1) was considered as “early
preen harvest” (at véraison), with manual harvest of 25 kg
of thinned grapes. that were hand destemmed and crushed
(Table 1; Fig. 1). The grape must was supplemented with
K50, (5 g/hl. AEB, Italy) and stored into PYC tank at
— 10 °C umtil fermentation, &= described in the following.

Harvest-2 (H2) was performed at iechnological maturity
{controly—basad on sugar content and total acidity—with
grapes (— 100 kg) manually harve sted. crushed and pressed
using a semi-automatic press (22620M, Spedeil, Ofterdin-
pen, Germany) (Table 1; Fig. 1). Grape must was transfemed
into stainless-steel tank, supplemented with K .54, (B g/
hL), pectolytic enzymes (1 gL, Lafazym CL, Laffort,
France), silica gel (30 g'hl., Baykisol 30, AEE, Italy), gela-
tim {3 g/, Gelsol, AEE, Italy), bentonite (30 g/hl., Super
benton, Dal Cin, Italy) and stored at 44 °C for fining. A fter
48 h, muost was mcked into six stainless-steel fermenters
{duplicate fermentations for each of three yeasts; - 10 L of
must was used for each fermentation ), suppleme nted with
complex nutrients (Muotristart 30 gfhl., containing 0.39 mg/L
of thiamine, Laffort, France), K50, (4 g/hL} and inocu-
lated with yeast strains (see “Yeast preparation’ section).

4 days after H2, 200 kg of grapes were manually col-
lected (harvest-3: H3) and processed as described for
grapes H2 already (Table 1; Fig. 1). The H3 must, consid-
ered as ‘delayed harvest’, was split into two equal parts
and part of which was treated similarly as must H2 (six
stainless-stee] fermeniers, duplicate fermentations for each
of three yeasts; — 10 L of must was used for each fermen-
tatiom). The second half was mixed with must HI (in a
volume ratio HI:H3= 1:10) to match the sugar content
of muosts H2 (Table 1). Later, must H1 +3 was treated as
must H2 (six stainless steel fiermenters, duplicate fermen-
tations for each of three yeasts; — 10 L of must was usad

Table1 Chemical composition of Chardonnay grape mmst vindape
Hilé

Variohles  Total soluble solids (g/L)  pH  Total acidity (g)*
Hi W70 161 +006 16202005
Hz WEA+00  319+001 6452000
H3 2725+10 330+007 6282004
HI1+3 F1T+00  I06+007 B0520.04

Valwes are the mean {+ 3D of thewe anabysis conducted for must bar-
vesied at different date

*Total acidity expreseed ax gfl. of tartaric acid
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for each fermentation). Fermentations of all trials (5, E,
V.H2,H3,H1+3;Fig. 1) were run in stainless-stee] tanks
with controlled temperature (17 *C V', 20 °C E and §),
and the ongoing of fermentation was monitored by daily
measuring sugar consumplion with Babo densimeter. Onoe
fermentations were complete (below 0.2 g/L. of residual
sugars), wines wem supplemented with K50, (7 g/hL)
and stored for 5 days at +4 °C for clarification. Clear lig-
uid was racked into glass containers and stored at 0 *C for
cold stabilization during 20 days. Stabilired wines wem
finally bottled in glass and closed with crown cap, thus
stomed at + 17 “C until analysis.

Bask enologlcal analysls and glycerol analysls

Must total acidity was analyred with volumetric method,
whemas sodinm hydroxide solution (0.1 N) was added inbo
the sample until pH reached valoe of 7 which was con-
trolled by pH meter (pH 209, Hanna Instruments, Padova,
Italy). Must pH was analyzed as well with pH meter (pH
209, Hanna Instruments, Padova, Italy), whereas total
soluble solid content was analyred with a digital efrac-
tometer (PAL-1, Atago, Tokyo, Japan), according to
official European Commission methods [27]. Effective
alcohol content of wines was analyzed with hydrostatic
balance and heat-stream distiller (Ing. Castore Bullio,
Milan, Italy), according to official European Commission
methods [27], same as wine total acidity (method used for
grape musts), pH and volatile acidity. Glycerol concenira-
tion in wines was analyzed by enzymatic kit and UY—Yis
spectrophotometer (Cary 60, Agilent Technologies, Santa
Clam, USA) according to producer’s instruction {Stero-
glass, Milan, Italy).

Organic acld analysls

Organic acids in wines weme analyzed by high- performance
liguid chromatography (HPLC) (Dionex IC-500, Milano,
Italy) using a system with diode armay detection (DAD ),
column Aminex HPX-8TH (9 pm, 7.8 »x 300 mm; Bio-
Rad, Hercules, USA ) according to 8 method previously
described [2E]. Prior to direct injection into HPLC system,
the sample was filiered with 0.2 pm nylon me mbrane (Gema
Medical, Barcelona, Spain). Organic acids were identified
and quantified at 210 nm with calibration curves of citric
{0-31 mmolL; B*=0.999), L-tartaric (665 mmolL;
F2=0995), L-malic {0—110 mmolL; §°=0.999), suc-
cimic (0-50 mmelL; 82 =0.999), lactic (0115 mmolL;
F*=0.999) and acetic acid (0-105 mmolL; £*=0.999).
Example of chromatogram was added as supplementary
material (Fig. 51}
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Phenolic compound analysis

Colorimetric assay of total polyphenol concentration was
expressed at | cm path lkength according to the literature
[29]. Quantification of phenolic compounds was per
formed at 750 nm with calibration curve of gallic acid
{00,665 mmolL: B2 =10.954).

Concentration of individoal phenolic compounds was
analyzed with HPFLC-DAD and Inertsustain C18 column
(5 pm, 4.6 250 mm; GL Science, Tokyo, Japan). Prior to
dimect injection into HPLC system conditioned at 30 °C,
samples were filtered with 0.2 pm cellulose acetate mem-
brane (GVC Filter Technology, Sanford, USA). Separation
of phenolic compound was performed at 0.5 mlL flow mie
with solvent A (acetic acid-water= 595 mlL/dL) and sol-
vent B (acetonitrile-water= B0:20 mL/dL) in the follow-
ing proportions: 15 min, O mL/dL B; 30 min, 5 mL/dL B;
50 min, 10 mLSdL B, 51 min, 11 mLAdL B: 70 min, 11 mLS
dL B; B2 min, 15 mL/dL B; 90 min, 15 mL/AdL B; 95 min,
60 mL/dL: B; 109 min, 0 ml/dl. B. Phenolic compound
ware identified and quantified at 280 nm [(+)-catechin and
{—)-epicatechin], 308 nm (coutaric as p-coumaric) and
324 nm (caftaric as caffeic, ferulic) with calibration curves
of (4)-catechin (0-0.17 mmoliL; R*=0.999), (—)}-api-
catechin (0-0.17 mmol/L; B’=0.999), p-coumaric acid
{0030 mmold. ; B2=0.999), caffeic acid {00 28 mmoliL;
R*=01.999) and frulic acid (0-0.26 mmol'L; 8= 0.999).
Example of chromatogram was added as suppleme ntary
material (Fig. 52).

Sensory analysls

As 3 preliminary step, wines weme tasted by enologists and
trained staff of the BSc program in Enology and Viticulture
at the University of Bologna (three females and two males,
aped between 27 and 52), to ascertain the lack of differenoes
between duplicate vinifications.

Thereafter, one wine was mndomly selected for each
combination of yeast (%, E or V) and harvest date (H2, H3,
H1+3), and the nine slacted wines wene evaluated in erms
of preference by 25 consumers (12 females and 13 males,
aped between 20 and 46) recruiled among employees and
students of the B5c program in enology and viticulture
{University of Bologna, Campus of Food Science, Cesena,
Italy). S5ample preference was evaloated using simple
100 mm unstructured linear hedonic scale anchored with
0 (as extremely disliked) and *10° (as extremely liked),
since consumers have the possibility to ex press sensory per
ceptions more accuraiely than with the nine-point hedonic
scale [30]. Sensory evaloation was performed in two ses-
sions within the same day (four wines in the first session and
five wines in the second session). Wines wer coded with a
three-digit number and randomly distribuied to consumers

153 |Page

in transpament and pearshaped glasses containing 25 ml of
wine [31]. Natural water was distributed to assessors for
palate cleaning (Levissima, Torino, Italy).

Statistical analysis

The chemical composition of grape muosts and wines was
statistically evaluaied with one-factor analysis of variance
{AMNOVA) and parametric post hoc Tukey s tests with a con-
fidence level set at 90 and 95%. Sensory data were statis-
tically evaluaied with non-parametric Kruskal-Wallis test
with a confidence level set at 90 and 95%. Principal com-
ponent analysis (FCA) was used a5 unsupervised me thod to
disclose the hidden structure of sensory evaluation of wines.

Results and discussions

Influence of harvest date and yeast stralns on baslc
enologlcal parameters and glycerol content

It is well known that yeast strains play a key role in deter-
mining the final composition of wine including alcohol,
toital acidity, malic acid, acetic acid, glycernl, polyphenols,
aroma profile, etc. [32]. In our study, the average alcohol
content of Chardonnay wine produced by 5, E and V yeasts
was 11.87% wiv, 11.83% viv and 12.04% wiv, mspectively
{Table 2); there fore, alcohol content had a endency to drop
of about 0.2% v/v using selecied yeasts. This moderaie alco-
hol decrease is consistent with the literature, in particular
Saceharomyces paradocus (5p), compared to the Saecharo-
myces cerevisiae (5¢), produced less alcohol in Chandonnay
wines of about —0_35% wiv [33], while Sangiovese red must
fermented with Srarmerella bacillaris (55 yeast showed
lower alcohol up to 0_3% viv [34]. Although some stodies
meported further alcohol reduction using a Sk comparing to
& for fermentations of red grape varieties [35], it is postu-
lated that this occur at the higher extent when fermenting
prapes with high sngar content {sitnation ofien found in red
wines compared to white wines, when same yeast species
are used). Apart from 5b and Sp, other non-Saccharomypces
species may be used for alcohol eduction as well. A recent
study reported alcohol reduction in Chardonnay wines of
10 and 1.1% wiv by otilization of Saccharompeess svarim
and Merschrikowia pulcher rima (Mp) both in sequential
inocolation with S [36]. Other stody reporied that Sofdzos-
aceharowiyces malidevorans In sequential inoculation with
S redoced ethanol content by 0.6% w/'v in growing medium
[24]. Thus, these findings are sugpesting that wtilization of,
ie., Mp may decrease alcohol conent in Chardonmay wines
at higher amount than selected yeasts in our study.

Since the chemical composition of berries chanpes with
time during ripening, the date of grape harvest plays an

&) springer
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Table2 Chemical composition of Chardonnay wines produces during vintage 2016

Varinbles  Aloohol (% vA)  Clycemol (gL} pH Total acidity (pL)"  Wolatile acidity (gL)™  Phenolics fmglLi™
H2 1162+0.11k 51+07 117002 7070260 029:0.11 125 +6c

H3 12.50 +0.09a 5.5+07 112+003  6BE+0.27b 0.359-+ 008 132+3b

H1+3 1160 +£0.17k 52409 I06+001c  EE0+0.14a 0.35 =008 138+7a

3 1157 £0.47 49407k 117008 755097 0.43005d 131+7

E 11.83+0.45 6.2=02a 14+007 7664098 0.34=010d 135+4

v 12.04 +0.45 47=04b 115+008 7551086 026+ 00% 130 +9

Statistical analysis basd on one-way AMNOVA with Tukey™s post hoc test (p<0.005; p<0.1) using different letters for significantly diffesent

groups (see footnodes for explanation)

Valwes ase the mean (+ 500 of single anabysis for six ermentations conducked with same barvest daie or selected yeasts
Average values axcigmed by different letier ane statistically diffenent fromeach other, by Toley "s test at p<0.05 (2, band c), and at p<0_1 {d and

el
*Total acidity expressed as gfl. of tartaric acid
*Valatile acidity expressed ax pfl. of acetic acid

*+4oncentration of intal polyphenals ex pressed as mp/lL. of gallic acid

important role on the wine composition. In this study, the
so-called “delayed harvest’ (muost H3) occurred only 4 days
afierH2 to minimize the loss of the primary aroma of Char
donnay grapes. As expected, the “blended” samples (H1 43)
had a significantly lower alcohol content compared to wines
made with H3 must The average ethanol concentration for
wines produced with grapes harvested at the H2, H3 and
blend H1 43 was 11.62, 12.50 and 11.60% viv, respectively
(Table 2). The results clearly showed that the alcohol reduc-
tion in Chardonnay wines was mainly affected by harvest
date (- 0_9% viv), compared to the yeast strains (- 0.2%
wiv). Other anthors reported similar results, whereas the
addition of low-alcohol wine (5% v/v) in 2 high- sugar muost,
afierwards caused reduction of alcohol content in Cabermet
Sauvignon wines by 0.9% w'v and about 3.0 and 1.7% v/v in
Bobal and Merlot wines, respectively [20].

The use of selecied yeasts and different timing of grape
harvest effectively decreased the alcohol content (— 1.21%
wiv) in Chardonnay wines from 12.68% v/v (yeast V with
H3) to 11.47% viv (yeast E with H1 4+ 3). According to
the literature, the use of a combined approach can further
decrease the alcohol content in wines, especially in the case
of red grape varieties [20, 35, 37).

Pmduction of glycerol, ofien mlaied to yeast adaptation to
osmotic or cold stress [38]. can affect the sensory character
istics of wine due to sweetness perception [39], wheneas its
contribution to the viscosity or body, may be controversial
due to elatively low concentration of glycers] in wines [40].
In this study, the date of harvest did not significantly affecied
the concentration of glycerol that was 5.1, 5.5 and 5.2 g/l
in H2, H3 and H1+3 wines, respectively (Table 2). The
higher glycerol concentration im H3 wines could be related
(1) to slightly higher csmotic siress comparing to H2 and
H1+3wines and {2) doe to the fact that H3 must had higher
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concentiration of sugars when compared to H2 and H1 +3
must, which could be comverted to more ghycetol (Table 1)

On the other hand, the selected yeasts had mome inflo-
ence on glycerol content, whereas V (4.7 g/L) and § wines
{4.9 p/L.) showed a significantly lower concentration when
compared to E wines (6.2 g/L) (Table 2). Resulis elated to
higher glycerol production in E wines companed to V wines
is consistent with the literature [33]. Furthermore, various
Sp strains can produce from - 5.6 to 9.2 g/l of glycero] in
Chardonnay wines [33], indicating the importance of yeast
sirain selection among same species.

It is well known that wine total acidity and pH val-
ues are among the most important wine parame ters, due
to their effect on sensory characteristics, color stability,
malolactic fermentation, concentration of active molecular
50, ete. The averape total acidity for wines prodoced with
grapes harvested at the HZ, H3 and H1 + 3 was 7.07, 6.88
and §_BD g/L. (as tartaric acid), respectively, while pH wal-
wes wene 3.17, 3.22 and 3.06 for H2, H3 and H1 43 wines,
respectively (Table 2). Both parameters wemre aligned
with the literature, in which Chardonnay wines had pH
value in the ranpe 3.1-3_5, and total acidity in the range
4.2-10.1 gL [33, 41-44]. As expected, the blend of must
H1+ 3 significantly increased the total acidity of Char-
donnay wine, thos representing an alternative *natural’
approach to chemical acidification to tailor wine acidity,
if needed. The se findings are consistent with a recent study
[20], in which the blend of low-alcohol wine {obtained
with grapes harvested at the be ginning of véraison) and
must (obtained with ripen grapes) of Cabemet Sauvignon,
Merlot and Bobal increased total acidity in the range of
0.8—2.2 /L (as tartaric acid). On the other hand, comparad
to harvest date, the selection of yeasts had a little effect
om wine total acidity and pH, whereas wines produced
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by 5, E and V yeast had 7.55, 7.66 and 755 g/L. of total
acidity, and pH valoe of 3.17, 3.14 and 3.15, mspectively
(Table 2). However, a study reported that total acidity in
Chardonnay wines was 7.3 and 6.8 p/L. when must was
inoculated with 5S¢ and Sp, respectively [43]. Sugpgesting
that 5p may also decrease wine total acidity due to higher
degradation of malic acid during the fermentation with Sp
comparing to S¢. Fermentation with Schizoesaceharomy-
ces pomnire may also decrease total acidity (4.2 g/L.) and
increase pH {3.36) comparing to Se (7.3 g/L; 3.27) [43].
On the other hand, sequential inocolation of Lachancea
thermotolerans and Sc may increase wine total acidity
{1240 g/L.) and reduce pH (3_2) comparing to 5 (7.0 g/L;
3.4) [25].

The increase of total acidity in wines H2 and H3 com-
pared to the cormesponding muost before fermentation
(Tables 1. 7} can be partially ex plaimed with the production
of succinic acid during the fermentation process (Table 3).
Un the other hand, the lower total acidity of wine H1 43
compared with the respective musts (Tables 1, 2) can be
tentatively ascribed to the consumption of malic acid and
the favomed precipitation of potassium bitartrate. The com-
bined approach herein proposed, ie., selected yeasts and
different grape harvest date, increased (2.55 g/L) total
acidity of Chardonnay wine from 637 g/L (yeast § with
H3)to B892 gL (yeast E with H1 +3).

The harvest date had a litthke impact on volatile acid-
ity that was 029, 0.39 and 0.35 g/L. {as acetic acid) for
HZ, H3 and H1 +3 wines, respectively (Table 2). On the
other hand, selected yeasts had a significant impact on
volatile acidity. In particolar, wines fermented with yeast
V had a significantly lower volatile acidity {0.26 g/L),
comparing to wines produced by yeast § (0.43 g/L.) and
E (034 g/L) {Table 2). Even though statistical differences
ware detected, concentration of wolatile acids in wines was
far balow 1.2 gL, which is the legal limit of wolatile acid-
ity in wines set by International Organization of ¥ine and

Wine [45]. The concentration of wolatile acids in wines
fermented with E was higher comparing to ¥V which is
partly aligned to other studies (- 0.2-0.4 gfL) [33, 43].

Influence of harvest date and yeast stralns
on organk acld profile and content

Organic acids ame present in wine as naturally occurring in
prapes (tartaric, malic and citric acid) or as products of yeast
and hacteria metabolism during the fermentation (succinic,
lactic and acetic acid). The concentration of organic acids
in wine is depending on grape variety, selected yeast, vini-
fication, storage conditions, etc. Since tartaric, malic citric
acids are mome melated to grape variety and grape maturity
process their concentration was significantly influenced by
harvest date (Table 3). Except H1 43 wines, concentrations
of these acids are aligned with other studies related to Char-
donnay wines, with tartaric acid was in the range from - 2.6
to 4.6 gL [41, 46], malic acid from - 1.5 to 3.3 g/L [41, 43,
44, AT] and citric acid - 0.1 g/L [46]. As expected, the high-
est concentrations of these acids weme detecied in H1 43
wines as Hl must had the highest total acidity (Table 1).
The higher concentration of tartaric and malic acid in H2
wine compared to H3 wines may be due to formation of their
mespective potassium salis as the ripening process advances
[48].

Similar to volatile acidity, the harvest date had a little
impact on acetic acid content which was 0.12, 020 and
0.19 gl. (as acetic acid) for HZ, H3 and H1 4 3 wines,
mespectively (Table 3). Reversely, the yeast selection had
a significant impact on acetic acid concentration that was
0.36,0.13 and 002 g/ in &, E and V wines, respectively
{Table 3). Results are sugpesting that concentration of ace-
tic acid in wines fermented with 5 was lower in our study
{036 gL.) when compared to other studies (— 0.5-0.95 gl.)
[34, 35, 49].

Table3 Composition of crganic acids of Chardommay wines produoced during vimtage 2016

Varinhles  Citric (gL Tartaric (gL} Malic (L) Lactic (g/L) Succinic (gl)  Acstic(pl) X Acids (L)
H1 0.19+001b 231 +006 15E=01% 009004 247 =008 012+0.15 ET6=019
H3 0M+000h 220 +009F IB=028  012+002 2132014k L0 =018 £110-20.30c
H1+3 024+00la  281+00% 471+028d  009+003 23620102 0L19:0.14 10,40 +0.202
3 0.20+0.03 1384028 1722071 007 +003 227072 03620 05 5042109
E 0.21 +0.03 2454030 1602065 Q12+00la 243014 0132007k 903=105
v 0.22+0.00 2494031 413:072 Q011+00% 231012 002£0.02c 928112

Statistical analysis bassd on one-wny ANOVA with Tukey’s post hoc test (p<0.05; p<0.1) using different letters for significently different

groups (see footnodes for explanation))

Valwes 2z the mean (+ 510) of single anabysix for sz errentations conducked with same barvest daie or selected yeasis
fvernge values assigne d by different ketter are statistically different from each other, by Tokey's st at p<0.05 (0. b and c}, and at p<0.1 (d &

and £)
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Succinic acid content in all wines (s 18 trials in total)
ranged from 1.94 (5 yeast with H3) to 2.60 g/L. (E yeast
with H2). which is appreciably higher when compared to
conce ntrations of succinic acid usually found in Chardonnay
wimes (—0.3-1.4 giL) [43, 44, 46]. orwhite wines in general
{up to 1.6 g/L) [50]. The rezson for these high values of suc-
cimic acid could be due to the relatively high concentration
of thismine added as Mutristart (see "‘Grape-harvesting- and
winemaking procedure’) [50]. Succinic acid is metabolized
by yeasts via Tricarbouylic acid (TCA) cycle, wheneas cofac-
tors required for TCA cycle-related enzymatic reactions
({ie_, entry of pyruvic acid and glotamate to TCA cycle)
ame derived from vitamins (i.e., thismine, biotin, pantothetic
acid). Thus, changes in concentration of these compounds
could alier the quantity of succinic acids [50]. Furthermore,
succinic acid is mainly produced during the first stapes of
fermentation [51, 52], which concentration could be higher
in pasteurized [53] and non-clarified muost (see “Yeast prepa-
ration’), due to high content of yeast nutrents. These find-
ings suppesied that regulation of yeast nutrition represents a
further tool to regulaie wine total acidity and pH value dor
ing the *hot” vintages by low total acidity and high pH value.

Influence of harvest date and yeast strains
on phenolic compound profile and content

Phenolic compounds are important for wine quality as they
affect color, flavor and taste [ 32]. In our study, polyphenol
concentration in Chardonnay wines was — 120- 140 mg/L
{as gallic acid; Table 2), which value is close compared
with other studies addressing phenolic compound content
in Chardonnay wines [42, 54). The harvest date signifi-
cantly affected the polyphenols content of Chardonmay
wines, with grapes harvested at H2, H3 and H1 4 3 with
125, 132 and 138 mg/L of phenolic compounds (as gal-
lic acid), respectively (Table 2). The highest concentra-
tiom of phenolic compounds in wines H1 + 3 most likely

meflect the high comtent of polyphenols in muost obtained
from grapes harvested at H1 which was added instead of
H3 must. Grapes harvested at véraison (similarly to H1)
have higher concentration of polyphenols comparing to
grapes harvested after véraison (H3 and H2). This find-
ing is explained by the increased synthesis of hydroxy-
cinnamic acids and their derivatives that occurs prior to
véraison, followed by a drop of hydrox ycinnamic acids
content after wéraison due to sugar accumulation and
berry growth [55]. In fact, hy droxy cinnamic acid contemnt
was the highest in wines made with grapes harve sted at
H1+43({22.5 mgL) compared to H2 (20.7 mgfL) and H3
{20.9 mg/L) (Table 4). Asexpected, concentration of caf-
taric acid, the main hy droxy cinnamic acid of white wines
[56]. peaked im wine H1 43 (18.2 mg/L) followed by HI
{17.1 mg/L) and H3 (16.8 mg/L) (Table 4). The values of
caftaric acid found in this study ame consistent with other
studies on Chardonnay w ines (— B-44 mg/L) [41, 42, 54].
{#+HCatechin was detected in the mnge 0.9-1.2 mg/L for
all wines and did not differ statistically according to har-
vest date or yeast selection (Table 4). Obtained results
in our study are aligned with other studies, whereas
{4 }catechin concentration in Chardonnay wines was in
the mnge - 0.7-33 mg/L [41, 42, 54]. On the other hand,
{—-epicatechin was significantly higher in H2 (2.9 mg/L.)
comparing to H3 (2.3 mg/.) and H1 4+ 3 (2.5 mg/L.), while
{—epicatechin did not differ according to yeast selection
{Table 4). Other studies reported similar concentrations of
{—)epicatechin in Chardonnay wines (0.5-56 mg/L) [41,
42, 54].

Compared to harvest date, the yeast strain had a little
impact on total polyphenols content and concentration of
individual phenolic compounds. Polyphenols content in
Chardonnay wines fermented with yeast 5, E and ¥V was 131,
135 and 130 mg/L, respectively (Table 2}, part of which
was identified by HPLC as low molecular weight phenolic
compounds (Table 4).

Table 4 Composition of phenolic compounds in Chardonnay wines produced during vinkzge 2016

Variohles Cafaric Coataric Ferulic (mgfl.) EHCA (mgl.) Caechin E picatechin EZFkwan-dols  EPhenolics
(mgflL) {mg/L) {mgfL} (gL} (mg/L) {mglL}
H2 17.2£1.4b 1.220.1c 14+0.36 N7+13b 1.2+03 29+03d 41+03x ME+1.3b
H3 16.8+0.3b 14101k 17+0.2a 0.9 +0.4b 0.9+0.3 13403 A1+0.4b 240 +0.6h
H1+3 18.2£05a 17+0.1a 2440.1a »n5+08 0.9+05 21507 34+0.5b X59+0.8
5 17.9£10 141032 14+0.3 20+07 1.1+05 13105 34+06 53+1.3
B 17206 141032 14403 L1111 10+0.3 L6406 1607 M61+0.6
v 17.1£1.3 141032 24402 L1+15 0.9+04 18103 17+05 MB+1S

Statistical analysiz basd on one-way ANOVA with Tukey's post hoc test (p<0.05; p<0.1) using diffep=nt letters for significantly different
groups (see footnodes for explanation)
Valwes ase the mean (+ 500 of single anabysis for six ermentations conducked with same barvest daie or selected yeasts
Average values axcigmed by different letier ane statistically diffenent fromeach other, by Toley "s test at <005 (2, band o), and at p<0_1 {d and

el
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Influence of harvest date and yeast strains

on consumer preference

Table5 Semsory mnalysis of
Chardommay wines in ferms of

Fg. 2 Principal comgpmne nt
analysis & cormelation-losding
plot of chemical and s=n-

sory data; s soomes: plot of
Chardonnay wines accood-
ing o significant variables
Alr alcobal content, pH pH,
Pref consumer pefewence, ¥A
valatile acidity, Ace aotic acid,
Suc succimic acid, TF ot
polyphenols, Caff caftaric acid,
Cow poooumaric acid, TA total
acidity, Tar tartaric acid, Mal
malic acid, Cif citric acid, B2
wine made with Chardonnay
grapes at technological maturity
ax “comtrol” (ratio total aciditgf
sugar concentmation). B 3 wine
made with delay ed harvest
Chardomnay grapes. M +3
wine made with mixture of
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Variahle Preference: sooes
HZ 357 x L6868
H3 355172
HI1+3 3177 165
1 3235 167
E 350+ 177
v 357 =159

Values 2 the mean (+50) aof
X5 analysiz (13 consumers) for
three rndomly chosn fermen-
tation conducied with sume har-
vest date or selected yeast [me
et fior variables code)
Statistical analysis based om
Kruskal Walkis e=x {p<005;
p<0.11

The averapge preference scoms [ Pref) did not differ statis-
tically according to non-pammetric Kruskal-Wallis test
{Table 5). The lowest values weme assigned to the HI1 +3
wines (3.77) and § wines {3.23), while other wines had
approximately equal scores (3.55-3.59). The PCA plot
allowed to disclosure of cormelations between Pref and the
chemical composition of Chardonmay wines. The first two
PCs explained B4% of the variability, whereas PC, (57%)
separnied trials according to harvest date, while PC,, (Z7%)
separated trials according to yeast selection (Fig. 2a, bl
Along PC |, Pref was negatively associated with total acid-
ity, tartaric, citric and malic acid, same a5 with total concen-
tration of polyphenols, caftaric and coutaric acid (Fig. 2a),
hence sugpesting that wines H1 43 may be perceived as
acidic and bitter when compared to H2 and H3 (Fig- 2a, b).
It i= well known that organic acids have different dissociation
constant and sensory properties, whereas the chemistry of
bitier compounds is more complex and needs to be further
imvestigaied. Reversely, alcohol content and pH were posi-
tively correlated with Pref along the PC, (Fig. 2a). Since pH
value is inversely proportional on a log-scale to total acidity
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which is ne gatively correlated to the Pref, this outcome was
expected.

On the other hand, along PC, wines wem separated
according to yeast selection, with Pref negatively corme-
lated to acetic acid and volatile acidity, whereas succinic
acid seemed to have a positive impact on consumer pefer
ence (Fig. 2a). However, the msults showed that the se vari-
ghles and yeast selection had 3 minor influence on Prefwhen
compared o harvest date and related variables separated
II'EI'[IE H:].

Conclusions

Preliminary resulis obtained in this study sugpested that
combined approach of ‘early green harvest” and selected
yeasts with low ethanol yield can decrease alcohol content
(- 1.2% wiv) and increase in total acidity (- 2.5 g/l as tar
taric acid) in Chardonnay wines. Harvest date had a greater
impact on final alcohol and acidity content of Chardonnay
wines when compared to selected yeasts. However, wines
obtained with the combined approach wem guestioned by
consumers most likely due to their acidic and bitter per
ception. Therefore, must obtained from unripe grapes can
mequire further chemical deacidification and fining to elimi-
nate excessive acidity and bitterness. Thus, the presant
study has highlighted some advantages and drawbacks of
3 comhined strate gy to counteract the impact of warm dry
vintages.
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6 Development of analytical method to examine wine parameters affected by
climate change and mitigation techniques; Identification of potential
additives to face the climate change

6.1 Introduction

The increase of alcohol in wines may be partly related to the climate change (see 4.2.2.2). The excessive
alcohol in wines could be removed by various techniques (see chapter 5). To properly determine desired
level of dealcoholization, prior to application of post-fermentation techniques (e.g. nanofiltration) it is
necessary to accurately measure the alcohol level in wines. Furthermore, to properly follow
dealcoholization process and terminate the process at desired alcohol level it is necessary to have
appropriate analytical equipment/methods. Thus, in modern winemaking apart from techniques to reduce
excessive alcohol in wines, winemakers need rapid and accurate equipment/methods to measure alcohol
level in wines as well. Therefore, the part of presented experiments was related to the assessment of red
wine alcohol level with Waveguide Vector Spectrometer. Additionally, the same equipment was utilized
to measure glycerol content in red wines which may be significantly altered during ethanol reduction by
biotechnological techniques (see 5.3.2.1).

Temperature increase and elevated air CO, concentration may enhance the photosynthetic process and
accelerate pace of phenological events (Duchéne and Schneider, 2005; Jones, 2012). This, accelerated
pace of phenological events may induce earlier technological maturity of grapes (optimum ratio between
grape sugar content and acidity) followed with undeveloped aroma and phenolic compounds. In order to
reach full phenolic maturity viticulturist often leave grape bunches to hang on plants, which is may be
followed with acidity values below optimum level and sugar content above optimum level (Jones, 2012),
which will finally cause the production of unbalanced wines. However, in a case of different timing of
technological and phenolic maturity some viticulturists may choose to harvest grapes at technological
maturity instead at full phenolic maturity. Wines obtained with grapes that reached only technological
maturity may have ‘poor’ sensory characteristics (e.g. lack of color) or low antioxidant activity if
anthocyanins are scarce. Thus, winemakers may choose to improve wine quality by addition of certain
commercial tannins. The utilization of commercial tannins is widely accepted in winemaking due to their
antioxidant, antimicrobial and flavouring features. However, certain information (e.g. toxic metals
content) are not always clearly demonstrated to winemakers. Therefore, the second part of the trial is
related to analytical characterization determination of food-grade commercial tannins with different
botanical origin.
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6.2 Rapid assessment of red wine compositional parameters by means of a new
Waveguide Vector Spectrometer

Tesli¢, N., Berardinelli, A., Ragni, L., laccheri, E., Parpinello, G.P., Pasini, L., Versari, A. 2017. Rapid assessment
of red wine compositional parameters by means of a new Waveguide Vector Spectrometer. LWT - Food Science
and Technology 84, 433-440

6.2.1 Materials and Methods

6.2.1.1 The Waveguide Vector Spectrometer and signal acquisition

The Waveguide Vector Spectrometer (WVS) works in the 1.6-2.7 GHz frequency range, and it is made of
a rectangular aluminium waveguide with a closable opening for the positioning of the 24 ml glass
container (Fig. 6.1). The WVS is connected to a PC by a USB port, and it is equipped with a control unit
with A/D and D/A converters. Spectral acquisitions of both gain and phase (resolution: Gain, 0.03 dB;
Phase, 0.18°; frequency, 0.35 MHz; A/D conversion, 10 bit; acquisition time: 36 s, number of recorded
points: 3130) were conducted in triplicate at a constant temperature of 25°C(x1°C) by Java program. The
glass container was filled with a sample volume of ~19.79 ml using a syringe. To eliminate the
interference related to the WVS warming condition state and to ambient air variations (e.g. humidity), for
each sample a background spectrum was subsequently subtracted from acquired signal.

container

Figure 6.1 Schematic of the internal structure of the Waveguide Vector Spectrometer (adopted with
permission from Tesli¢ et al., 2017).
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6.2.1.2  Red wines sample and analysis

For the experiments, forty-two red wines were produced during the vintage 2015. Red wines alcohol (v/v
%) and glycerol (g/L) contents were analyzed in triplicates according to OIV method (Resolution
OIV/OENO 390/2010) with Fourier Transform Infrared Spectroscopy, FTIR (Winescan™ SO2,
Hilleroed, Denmark), which results are presented in Table 6.1.

Table 6.1 Red wine composition.

Wine parameter Mean SD Min Max
Alcohol ( % v/v) 14.0 +0.6 12.8 15.5
Glycerol (g/L) 9.1 +0.8 8.0 11.0

Mean, average value of wine parameters (n=46); SD, standard deviation; Min, minimum value of wine parameters;
Max, maximum value of wine parameters.

6.2.1.3 Statistical analysis, calibration and validation PLS

Partial least squares (PLS) regression analysis was explored to estimate the content of the selected wine
gualitative parameters by the acquired Gain and Phase spectra. The accuracy of the model was examined
in terms of R? and RMSE (Root Mean Square Error) for both calibration and full cross validation. Test set
validation was also performed by a randomly selected 25% of the data set.

6.2.2 Results and Discussion

The PLS regression parameters (R* and RMSE) obtained for both Gain and Phase spectra are presented in
Table 6.2 for the frequency range 1.6-2.1 GHz, since this frequency range provided an improved PLS
prediction models compared to the entire spectrum (1.6-2.7 GHz). Overall, in the test set validation, Gain
spectra usually showed improved prediction capability for selected parameters compared to Phase once,
most likely due to lesser effect by matrix complexity on Gain spectra compared to Phase spectra. Test set
validation for red wine ethanol content showed the highest R? values of 0.961 (RMSE=0.11% v/v) and
0.955 (RMSE=0.13% v/v) for Gain and Phase spectra, respectively (Table 6.2). Test set validation for red
wine glycerol content disclosed an R? values of 0.834 (0.31 g/L) and for Gain, while for Phase a R? values
of 0.809 (0.33 g/L) (Table 6.2).
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Table 6.2 Partial least square regression of red wine spectra for the prediction of alcohol and glycerol
content from Gain and Phase spectra in the frequency range 1.6-2.1 GHz.

Wine Calibration Full cross validation Test set validation
parameter PCs R? RMSE R? RMSE R? RMSE

Alcohol (% v/v) 5 0.965 0.11 0.957 0.12 0.955 0.13

Phase Glycerol (g/L) 14 0.995 0.05 0.809 0.33 0.809 0.33
Alcohol (% v/v) 5 0.972 0.10 0.968 0.11 0.961 0.11

Gain Glycerol (g/L) 14 0.988 0.09 0.843 0.31 0.834 0.31

PCs, number of principal components; R?, coefficient of determination; RMSE, root mean square error.

Until today, rapid and extensively explored methods for wine composition estimation include vibrational
spectroscopy based mainly on NIR and MIR spectral analysis which is supported by the multivariate
approach of data evaluation (Teixeira dos Santos et al., 2017). According to the vast number of
conducted studies related to this topics, the assessment accuracy is shown to be influenced by the used
technique, the composition of the wine samples and by the reference method (Canal and Ozen, 2015;
Friedel et al., 2013). In particular, in validation with NIR reflectance spectra, PLS regression models of
different types of red, rosé and white wines had R* values of 0.978 (SEP=0.24% v/v) and 0.845
(SEP=0.72 g¢/L) for ethanol and glycerol content, respectively (Urbano-Cuadrado et al., 2004). PLS
regression models were also set up to predict ethanol concentration of red and white wines from ATR-
MIR spectra with an R? value in validation of 0.99 (SEP=0.11% v/v) (Cozzolino et al., 2011) and
glycerol content from FT-IR spectra obtained from a large number of wines with an r value of 0.96
(SEP=0.40 g¢/L) (Nieuwoudt et al., 2004). The combination of visible and MIR spectra with orthogonal
PLS regression technique produced R? values of 0.83 (RMSEP=0.47 g/L) for the prediction of glycerol
content of red and white wines (Sen et al., 2016). Hence, RMSE values up to 0.11% v/v for ethanol
content and 0.31 g/L for glycerol content are acceptable for wine quality control analysis and the WVS
system may be considered as an alternative to the NIR and MIR spectroscopic devices.

6.2.3 Conclusions

The global wine industry is always looking for new rapid analytical methods with high performance to
monitor product quality with respect to regulation, as well as to improve the winemaking process. Thus,
based on the study results tested WVS appeared to be able for a rapid estimation of the main wine
compositional parameters (e.g. alcohol and glycerol content) in the process control.
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6.3 Analytical characterization of commercial tannins

Ricci, A., Olejar, K.J., Parpinello, G.P., Mattioli, A.U., Tesli¢, N., Kilmartin, P.A., Versari, A. 2016. Antioxidant
activity of commercial food grade tannins exemplified in a wine model. Food Additives & Contaminants: Part A 33,
1761-1774

Ricci, A., Parpinello, G.P., Palma, A.S., Tesli¢, N., Brilli, C., Pizzi, A., Versari, A. 2017. Analytical profiling of
food-grade extracts from grape (Vitis vinifera sp.) seeds and skins, green tea (Camellia sinensis) leaves and
Limousin oak (Quercus robur) heartwood using MALDI-TOF-MS, ICP-MS and spectrophotometric methods.
Journal of Food Composition and Analysis 59, 95-104

6.3.1 Materials and Methods

In purpose of analytical characterization of food-grade commercial tannins from the different botanical
origin, several analytical methods such as DPPHe* radical scavenging, ICP-MS, total polyphenols and
tannins assays were performed (Ricci et al., 2017, 2016).

6.3.2 Results and Discussion

Total polyphenols content varied in commercial tannins, and it was the lowest in samples obtained from
leaves of Vitis vinifera (1.17 mM CE; expressed as catechin equivalent) and the highest in samples
obtained from selected Quercus woods (2.77 mM CE; Table 6.3). Similarly to total polyphenols content,
tannins concentration varied in samples, and it was the lowest in samples obtained from leaves of Vitis
vinifera (0.712 mM CE) and the highest in samples obtained from Malbec red grape seeds (1.60 mM CE)
(Table 6.3). These differences in total polyphenols and tannins contents resulted in variation of
tannins/polyphenols ratio, indicating that polymeric and monomeric fraction varied among samples
(Table 6.3). The highest percentage of tannins was detected for samples obtained from red fruits tree
woods while the lowest tannins percentage was detected in samples obtained from grape seeds (Table
6.3). These results are suggesting that sample obtained from grape seed was mostly composed of
monomeric fraction while sample obtained from red fruits tree woods was mostly composed of polymeric
fraction.
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Table 6.3 Total polyphenols content, tannins content and DPPH radical scavenging potential of
commercial tannins from different botanical origin.

Botanical Total polyphenols Tannins Tannins/Polyphenols DPPH

Origin (mM CE) (mM CE) ratio [%] (%inhibition)
Leaves of Vitis vinifera red grapes’ 1.17+0.00 0.71+0.03 60.68 22.4+0.2
Grape seeds™? 2.64+0.09 0.82+0.01 31.06 73.9+0.3
Grape berry* 2.110.01 1.030.02 48.82 44.9+0.2
Grape skins and seeds®* 2.750.00 1.1620.04 42.18 72.9+0.3
White grape seeds™? 1.94+0.01 1.05+0.04 54.12 55.6+0.3
Grape seeds*® 2.33%0.00 1.08+0.04 46.35 68.6+0.3
Malbec red grape seeds® 2.33+0.02 1.60+0.01 68.67 63.0+£0.4
Unfermented grape skins™* 2.48+0.02 1.09+0.01 43.95 76.7+0.4
American Oak® 1.42+0.00 1.06+0.03 74.65 45.8+0.3
Limuosin Oak® 2.23+0.00 1.27+0.05 56.95 77.4%0.2
French Oak® 1.770.01 1.15+0.04 64.97 63.6+0.4
Selected Quercus woods>® 2.77+0.01 1.35%0.02 48.74 76.620.5
Red fruits tree wood’ 1.91+0.00 1.62+0.00 84.82 72.020.2

Antioxidant; “Color stabilizer; Fining agent; *Clarifying agent; >Cross-linker for anthocyanins; ®*White wine body
supporter; 'Red wine clarifying agent.

Different chemical composition (e.g. Tannins/Polyphenols ratio) affected the antioxidant capacity of
commercial tannins (Table 6.3). In particular, samples with higher tannins percentage (lower
Tannins/Polyphenols ratio) or higher degree of polymerization had lower antioxidative capacity (Table
6.3; Fig. 6.2). These results are indicating that monomeric fraction of total polyphenols content has a
paramount role in the determination of antioxidative capacity of commercial tannins. Thus, commercial
tannins aimed to be used as antioxidants should have a lower degree of phenols polymerization. In fact,
commercial tannins obtained from grape seeds had most likely relatively low degree of polymerization
which resulted in high antioxidative capacity (Table 6.3). Furthermore, sample obtained from grape
leaves had most likely high degree of polymerization indicating that botanical source or extraction
methods might not be suitable to produce commercial tannins which will be used as antioxidants.

DPPH radical inhibition [%)]
80 T

* o *
L 4 * .
L 2
* o
60 -
’
* L 4
40 +
R2=0.657
20 t t I’ t t |
30 40 50 60 70 80 90

Tannins/Polyphenols ratio[%a]

Figure 6.2 Correlation between antioxidative capacity and Tannins/Polyphenols ratio of studied
commercial tannins.
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Four commercial tannins were characterized by four macroelements (Mg, K, Ca and Mn) and twelve
microelements (rest of the elements) which concentrations are listed in Table 6.4. Elemental composition
is an important quality parameter of commercial tannins due to their diverse roles. In particular, Cu, Fe
and Mn are oxidation catalysators of polyphenols which is afterwards responsible for alterations of wine
sensory characteristic (Waterhouse and Laurie, 2006). An element such as K influence the bitartrate
stability/instability etc. Most of the detected elements in presented experiment were present in a
concentration far below limits set by World Health Organization (WHO), while a concentration of Pb
exceed these limits (Table 6.4). However, in necessary to point out that concentration of Pb didn’t
exceeds limits set by International organization of vine and wine (0.15 ppm) (OIlV, 2017). Thus,
commercial tannins could be used in winemaking in that regard.

Table 6.4 Elemental composition of commercial tannins from different botanical origin expressed as ppm.

Element Green tea leaves Limousin oak Grape skin Grape seed WHO Guidelines”
Li 0.002 0.002 0.001 0.001 NI
*Mg[He]  0.500 0.200 0.090 0.080 NI

2| Nd Nd Nd Nd 0.200
¥K[He] 0.800 0.600 1.200 1.400 NI

“Ca[He]  0.400 0.400 0.220 0.200 NI

2Cr[He]  0.008 0.008 0.011 0.009 0.050
*Mn[He]  0.010 0.004 0.002 0.001 0.400

= 0.060 0.030 0.050 0.050 1.000-3.000
¥Co 0.0001 0.0001 0.0001 0.0001 NI

0N Nd Nd Nd Nd 0.070

8cy 0.040 0.020 0.020 0.020 2.000

%7n 0.990 0.250 Nd Nd 3.000

®As 0.002 0.002 0.002 0.002 0.010

88gr 0.020 0.020 0.004 0.003 NI

3B 0.020 0.020 0.010 0.010 0.700

27pp 0.033 0.033 0.033 0.031 0.010

[He] — assay conducted in under He flow; NI — not listed; Nd — not detected; *(World Health Organization, 2004).

6.3.3 Conclusions

Commercial tannins differed according to a chemical composition which resulted in differences of
antioxidative capacity, whereas samples with a lower degree of polymerization had higher antioxidative
capacity thus they are appropriate to be used as an antioxidative agents in winemaking in that regard.
However, additional test related to the sensory properties of these tannins need to be evaluated. Elemental
composition characterization of four commercial tannins revealed that all elements a part of Pb were
present in concentrations lower that limits set by WHO. However, a concentration of Pb was lower than
limits set by OIV, thus they could be used in winemaking in that regard.
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means of a new Waveguide Vector Spectrometer
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L Introdisction

Rapid and imexpensive techniques for the msecoment of the
quality parameters of foods are known to be highly attractive both
Tor olff-line and on-line proes control. The analyss of the inber-
sction af food materials with an eledromagnetic wave has been
shinwn o provide valusble information relsted to the prodict
oomposition (Berandinelli et al_, 2013, Gancia, Torres, Prieto, & De
Blas, 20 ; Ragni, Al-Shami, Mikhaylenko, & Tamg 2007), v ber
activity (laccheri et al, 2015), density (Kent, 1977) and structume
(Ragni, Cevol, Berandinelli, & Silaghi, 20012) Apart from the tem-
perature and wsed frequendy, the result of sweh interadion is
affected by the sbility of sample B initially socumslate the elec-
Lr Mg e tic energy - this propenty is associ sted with the dislectric
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constant - and then to dissipate it into heat, which originates the
loss factor. Dielectric constant and lods factor ane, respectively, the
real and the imaginary component of the comples permittivity,
which is mainly driven by the electric conduction, dipaoles, elec-
trondc, jondc amnd Maoowell-Wagner mechanisms | Nelsomn, 1999)

It is well kiown that the disledric properties of ample ane
alffected by the moisture, salt, crbohydrates, (st probein and
alcohesl conbent. During the Last S0 years, extendive literature was
devoted to the investigation of agri-food dielectric propenties, and
the moisture content of the cereal grain products was undowbted]y
the main explored parameters (Jla et al, 2011, Venkatesh &
Raghavan, 20041 This anslytical approsch was alse applied to
investigate different parameters in fruits and vegetables (Cuo
Nebon, Trabeld & Kag 2007, Nelson, 2003, Sipahicglu &
Barringer, 2003, beans (Berbert, Queinme, & Melo, 20032), hakery
products (Kim, Morgan, Okos, & Stroshiee, 1998), meat (Lyng
Zhang, & Erunten, 2005, Sipahioghs, Barrnger, Tash, & Yang
2003, fesh (Liu & Sakai, 1999, Wang, Tang Rason, Kong & Wang
2008), shell eggs (Fagni et al_, 2007, 2008), dairy prodisas |[Ragni
eral, 2006, Shiinoki, Motourd, & Ito, 19°98), and exira virgin olive
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odl [ Berandinel i etal, 2013 ) a8 well Previois works oondiscted with
a gystem composed by an alwmindem rectangulsr waveguide, 2
sweeper oscillator and 2 spectrum analyser showed that gain
wavelorms (from 20 to 2.2 GHz and from 2.9 to 10 GHz) contain
information related also o soluble solids @ntent (@Brix) and
Magneess— Taylor fbedh firmmness of lwilmeits (Ragni e al, 2012) o
tothe rpening of Parmigiano—Reggano cheese (2—-3 GHz) (Gevoli,
R.agmi, Gord, Berardinelli, & Cabsoni, 2002).

Red wine is the beverage obtained from the partial or omplete
alcohalic fermentation of fresh grapes, whether crushed or mot, o
of grape must According to the Internationsl organiza tion of vine
and wimee (DN, its sctusl slcolol motent should not be less than
8.5 miLdL (definition 18/73; O 2017L In general, the most abun-
dant components of red wine include water (85—90 miLjdL),
ethanal (10—15 mLjdL) gheeral (512 glL) and organic acids
(35 g/L) while all other components are in traces (03%) [Gaana
et al, 2016; Giaramida et al, 2013, Godden, Wilkes, & Johnson,
2015; Laguna, Bartolomeé, & Moremno-Arribas, 2017) For highe
quality wines, quality contral during production process and stor-
age plays an important role Certain official ONY | International
organisation of vine and wine) methods for alcohal, glycerl and
dry extract @ntent determination require sample preparation
[V-MA-ASIIZ-01E: 0NV 2016) and are et up for only one winse
parameter (ON-MA-ASII2-05, ON 2006) Rapid, inexpentive,
simple 1o use, sccurate and methods that are ako suitsble for
determination of more than obe compatitional parameter are
however requested.

Alcabolic content in beversges hus been proven to afiect both
the dielectric constant and loss factor. Ethano] solutions (005 mLjdL
10 mLjdL and 40 mLjdL) added with swgar have been anabysed by
diglectric properties in the 0.5—50 GHz range (Alidin, Omag &
Biak, 2014) which mexsurements asddressed discrimination of
alcohalic beverages with slcohol @ntent ranging from 42 to
99 8 mLjdL [ Alvidin, Omnar, Yogarajah, Biak & Man, 2014) Moreover,
assessment of dielectric constant and loss Bonr in combination
with linear discrimimant analyss heve been investigated to
discriminate betwesn red grape juices and red wines samples at
206y MHz aned st 3 GHz with a clasification rate of W0X (Garcia,
Torres, De Blag De Francisoo, & Ilanes, 2004) while Bohigas amd
Tejada (2000 developed a method o determine the alooha oon-
tent ol alealalic beverages: the method based on the Debye model
and on mexswrements of the permittivity at 1 GHz and 7 GHz by
wsing water sehutions of o thanal (alealalic levels up to 40 miljdl)

1t is nobewarthy that previcws studies were conducted by using
an open-e nided coaxial probe, which requires special cane to svoid
errors ot very low and very high frequency, a5 well 2550 bow valves
of dielectric mnstant and loss factor Particularly for Hoquid and
semi-solid loods, density vanstion, air gaps or bubbles be tween the
end of the coaxial probe and the sample cn ompromise the e
sults (Meloon and Duatta, 2000 In this vew, les expensve instrs-
mental chaing, auch a5 systems wing 2 waveguide probe, couldbe
vaheable sl termative depending on the nature of dieledric material,
Trequency of interest, and degres of socuracy requined

The waveguide is a method that can exploit the propaga tion of
an ele ctromagnetic wave within a closed cavity for the detection of
the dislectric properties of the materal (Belrhit, Bri, Makheli, &
Mamouni, 20031 The values of dielectric constant and loss otor
can be derived from the transmisson line theory, which indictes
that these properti es can be calcuwlsted by measiering the phase and
amplitwde of 2 refl ected microwasve gnal froma dislectric materi sl
placed sgainst the end of 2 transmissdon line, swch x5 2 wrveguide
(won Hippel, 1954)

T s Wiy, the wavegidde setup can be 2 suitable aquipment ta
obtain acowrate messurements of permittivity, and could be
attractive a5 2 function of its uwser frendliness simple sampile
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preparation, convenient temperature control, and sffordability of
owining this equipment.

Tise Wirve guide Vector S pectrome ter | WY'S) used in the present
research (ltalian patent Noa 1421744, 2006, aspplication
MIZ04ANKMIES, 2014; International application: PCTIE015)
050246, WO2015/ 1005541, 2015, Alma Mater Studiomm, Lini-
versity of Bologna, Italy) operating in the low region of the mi-
CriwaVe Spectrum, was st up with the purpee o provide a
comprehensive, rapid and dmple tool for the xesment of the
main compisitional parameters of sgri-food prodicts. An intro-
duwctory artide, forusing the perormances and novelty of the in-
strument, i reported in literature (Ragni ot al, 20071

This study 2ims toinvestigate the potentislity of the WWS for the
rapid sssessment of selected wine compos tonal parameters, eg.
alcohal, ghyeerol and dry extract contents. These wine parameters
play an important role in the @i fication of appellation wine (eg.
DOP - Protected Denomination of Origin, IGP - Proteded
Geographical Indication)

2. Materials and methods

21 The Waveguide Vecror Spactrometar and signal acquisition

The wavepuide veclr spectrometer (Fig 1) operates in the
1627 GHz frequency range, and itis composed of 2 rectangular
aluminiwm waveguide with 2 closable opendng for the place ment of
the 24 mi cylindrical gless sample containe £ The container is placed
between a transmitting antenna (connected to a radio lregquency
signal generstor) and 3 receiving antenna (3 gain and phase
COMparator is conmected tothe antennss ) The WWVS is interfaced to
a compister by 3 USE port, and it is equipped with  control wnit
wiith ATy and DA converters. Spectral scquisitions of both gain and
phase {resol ution: Gain, 0,03 dB; Phase, 0187 : frequency, 0035 MHz:
AfD comversdon, 10 bit; soquisition time: 36 £ mumber of reconded
points: 3130) were soquined in triplicate at 3 constant temperatune
of 25 °C (21 °C) by using a dedicated Jxva programme.

The gless container was filled with an approsdmate wolume of
1979 107 m® wiing & syringe. The constant symple vol ume was
ensbled by using equipment with fixed needle indicating the
attainment of the level]

I order o eliminate the inflheences relsted bo the WS warming
condition state and to ambient air variations (eg. humidity |, from
each sample spectrm was sibsequently subtracted the signal ac-
apisired with the empty contsines (blank gearim)

2.2 Snandard solutiong

A preliminary study with a standand solution (alled “model
wine") was designed tosscertain the elfect of sloohal (eg. ethanol |
and glycerol on gain and phate spectra. Gyceral (9998) and ethanol
([ 96%) were purchased from Sigma- Aldrich (Steinheim, Germany L
Sodiwm hpdrside (>00K) and L (4 )-tartare acid (>005) wehe
purdhased from Merck (Darmstadt, Germany] For model wine
preparation tartanc scid (1665 mmoll) was dissolved in pune
distilled water {18 Miem ) Toobtain pH valwe often found in wines
({36) soluion pH was adjusted with 1n NaDH Prepared solufion
wias divided i nto two batches: (1) with fixed ghoeral content(7 gL )
and ethanol concentration varying by 1 mLdL from 10 mLdL to
15 mLjdL; (1) with fixed ethanol contemnt {12 ml/dL) and glycemni
conbent varying by 1 gl from 5 g/L to 10 g/L) (Talle 1) Ranges of
ethanal and glycerl concentration were selected acconrding to
Mﬂmtﬂ]uﬂ-fﬂdﬂinfﬂh‘im[ﬁauwﬂae[aL.JﬂIEI; Gandbile i
el al, 2015, Laguna et al, 2017 For each standand salution, 3
peactral Soquis tions wene comducted
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21 Wine samples

During the vintage 2005, approximately seven humdred klo-
grams of mature Sangiovess grapes was manially harvested and
transported o the Unibo experimental winery (Tebamo, A, Italy)
Grapes were divided (2 batches) manually destemmed and
crushed. Obtained grape must (with grape skin) was tranderned
into stainless steel lermenters, treated withKa5:0s (100 mg L, AEE,
lialy) Mutristart (30 gfhl. Lafort, France) and inoodsted with
yeasts (Lalvin EC-1118; Lallemand, Switzeramd; Exotic, Anchor,
South Africa; Zymallore RNGD, Laffort, Framce; CHTOT, Endbi abech,
ltaly ). Fermentations were carried at the @nstant temperatre of
22 °C (+1] Ome fermentations were dome (residusl sugars less
than 2 gfl) grape skin was separated from wine wsing 2 semi-
sutomatic press (226200, Spedeil Oferdingen, Germany ] Ob-
taimed wines were bottled, sealed with 2 cown cap and stored st
15 °C unitil anabyss Aloohol mLjdL), gheeno] (g1) and dry extract
(/L) contents were anahysed in triplicates sooomding to 0T me thod
[Resolution O /OEN0 3090/2010) with Feurier Transform Indared
Spectroscoy. FTIR (Winescan™ 50;, Hillered, Denmark | Meaan,
standard devistion, minimem and maximum valees of the pa-
rameters of analysed wines are summarised in Table 2. For each of

Tade 2

Sanginiens e wing LR
Wine pa @ meer Mean o Min Max
A gl (i L) 140 206 128 155
Clycerd (gL} al 208 &0 1o
Dryemmai gl =3 213 51 IE

Wbean, awerage waloe of wind paEmees (o= 455 50, sandind dewarion; Min,
i e o il o meners; MG, S e of wine parame e
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the analysed 42 wine samples, 3 spectral soquisitions werne
comndiscted.

24 Sraridcal analysis, alibration and valida o

PLS regression analysis was explored 1o esimate the content of
thee selected wine qualitative parameters starting from the refer-
enie dats and the soquired Gain and Phate spectra, either in the
preliminary trials conducted on standard solutions (aleohol, glyce-
erol) or on Sangiovese red wines (alcohol, glycerol and dry extract).

Independent varables were aranged in 2 6 = 3
(sampiles) = 3128 (varisbles, Gain or Phase ) matrix for the model
wimne solutions andina 42 « 3 (samples) = 3128 (variables, Gain or
Phase) matrix for wine samples and the Unscrambler X softwarne
was used (Camo Asa, Dslo, Norway L

The sccuracy of the model wis smesedin terms of i and RMSE
(Rt Mean Square Error) for both calibration and full cross vali-
dation Test set validation was also conducted by considering only
wime samples matr ces 2 nd by using 2 randomily selected 25% of the
dlaita et The optimal member of PCs (PLS oo pone nits) was selected
by analysing the validation residusl varane plot and calod sted
where the prediction efmor is minimized | Edensen, 1994)

On the basis of the model scouracy (R and BMSE) and on the
exploration of both loadings and scores plots, an opli mum Spec-
trum frequency range was selected for wine sample models.

3. Results and discussion
31 Srandand solurions

Gain and Phase wavelorms for different @ncentrations of
alcohol (Fig. 2 Fig 3) and glyerol (Fig 4; Fig 5) are shown For
bt Gain and Phase waveloms, 4 trend passing from low to high
concentrations of both compounds, eg. ethanol and giyceral, was
obrerved This tremnd can be apprecisted in different regions of the
explored frequency range depending on the compounds selected.
Inthe described figures, foas windows are included 25 examples
PLS regreddons conducted in thede spectral ranges shiowed,
respective ly for Gain and Phase wave lorms the following B values:
0993 (RMSE = 0,14 mijdL) and 0964 (RMSE = 033 mijdL) in
calibration snd 0092 (RMSE — 016 mijdl) and 0961
(RMSE = (36 mil /L) in fisll cross val idation for the slcohol content;
00990 (RMSE — 0003 g/L) and 0,914 RMEE — 052 gfL) in calibration
and 0,999 (RMSE — 0.04 gjL) and 0886 (RMSE — 0.65 g/L) in full
cross validation for the glycerol content (Table 31
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32 Red wine saimples

The PLS regression porameters (R and RMSE) obtained for both
Gaxim sl Phus se spectra are summarisedin Tald e 4 for the frequency
range 1621 GHz This range provided an improved predicion
madels compared 1o e entire spectrum (1527 GHz)

Thee cal ibration process plays an important role in the final wine
parameter measirement values Once calibrated for wine param-
eter messurements (&g aloobhal content in red wines) with one
type of wines, WS could be alio used for wine parameter meas-
surements in other types of wines (eg alcohol content in white
wines) at a satisfactory level (Ragni et al, 2007 L However asit was
reported by e suthors(fos sloahsl content anly), tee predidion is
2 bit betier wien calibration is dome for each wine type separately
[eg red and white wines).
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Overall, in the test sot validation, Gain spectra isiully shivved
beter prediction capability companed o Plase once, most likely
e 1o Jeaser e Fact by matrx complesdty onGain spectra compared
iy Phusse spectra Test st validation for aloohol dwowed the highest
T vailwes of 1961 (RMSE = 0,11 mLL) and 0,955 (RMSE =013 mL)
dl) dor Gain and Phate spectra respectively (Tabie 4] Teat set
validation for gherol and dry extract disclosed an R valwes of
0.834 (031 gL) and Q8E1 (051 /L) for Gain, while for Phase 3 B2
values of LB0D (033 /L) and 0848 (.48 gL ), respectively.

The low acuracy expected and found for glyoersl and dry
extract was dise bo their kwer oatent companed to aloohol Pre-
dicted and observed vahee 5 ( test e tvalidation) are shownin Figs 6,
7 and B respectively lor sleohol (mljdL), glycersl (/L) and extrad
{ &L) comtents.

Limear cornel ations bet ween aloohol amnd ghoeml contents amd
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Tabie 3
Calration and validaion of mode] wine speca of sdeced paramers fram Cain
and Puse spata.
E ™ F PCs  Caldvation Ful croas
valdagion
& RMSE & SASE
Gain Aloohol (mLjdL) 1 083 014 082 0I6
Chycerd (1) 4 099 o003 099 o0n4
Phase Alcchal (mLjal) 1 094 033 091 035
Chycerd (1) 4 094 052 os:s 085
PCs, number of PLS componens; &, coef fickent of determination; RM SE, reot mean
Square eToe.
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between almhol and dry extract contents are summarised in Fig. &
Alkcohal content showed a poor linear relationship with glycerol
(R? — 0346) and dry extract contents (R? — 0.520), therefore it
seems that the spectra contain spedfic information for the pre-
diction of the two latter parameters

At date, rapid and extensively explored methods for wine
compositional parameter estimation include vibrational spectros-
copy based mainly on NIR and MIR spectral analysis supported by
multivariate data analysis (Teixeira do Santos ot al, 2017) Ac-
cording to the numerous works conduded on this topic, the esti-
mation accuracy is shown to be affected by the kind of the used
technique, the compasition of the wine samples and the reference
method (Canal & Ozen, 2015; Friedel, Patz, & Dietrich, 2013). In
particulag in validation with NIR reflectance spectra, PLS estima-
tions of different types of red, rosé and white wines were
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Table 4
LS regmssinn of rad wirs para for the pradfiorion of sebamed parame s frem Gain and Phose speora in S raguency range L5-21 CHe
Fammeser W P e FCs Calibramion Fall coeas validaibn T s validarion
'3 RME B RME '3 RMSE
Gain Adciibes] (oril JALY 5 ns72 oan nsE an D51 o
Glpcemd (gL} 14 0583 oo [VET <] a3 0E34 031
Emraz|gL) 14 055 o4 (e 044 0E51 051
Flaz bcoitecd (il LY 5 05965 o [ oz 0555 o3
Glpcemd (gL} 14 0595 oo [P 033 ) 033
Emraz|gL) 14 0563 oo nEs 045 0243 043

PO, ke of PLS cornpane ;K ooefTices 0 of S ermination; RMSE, 1 i an square ¢ 0L,

Fig & P dired veras: cbaered valees of ahoohd conaent | mi)dL ) i wed wil s i Gain( C)) amed Phae Sgnal| o) e s valtlarion, see Tathe 4] Cos Mckens of dee mudnasion
were B = 0960 and B = 095 S Gain and Plose signal, mspeiely

Fig-7. Prdoed veras: daerved vales of gycerd conten (gL in md wites ming Gain (0] and P dgnal {8 (Tes ser valid Son, e Table 4. (elfichents of dem mudnaion
e B = 0334 and B = 0300 for Cain anadl Phurie shgnal, e spe ey
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characterized by R valwes of 0978 (SEP = 024 mLjdl) and 0845
(SEP = 072 g/L) respectively for alcohol and ghoeral content
(Urbano-Cuadrada, Lisgue de Castoo, Pérez-juan, Garcis-0lmo, &
Gomez-Nietn, 2004) PLS regrecsion models were also set up to
estimate aloohol content of red and white wines from ATR-MIE
smmmmfmm in validation of 0299 (SEP = 011 mildL)
(Corraling, Cymikar, Shal, & Smith, 2011 ]IMSJ:.IEMMM
FT-IR spectra scquired on a large member of wines of varous styles
withanr vahwe of 096 (SEP = 0,40 g/L) (Nie twoundt, Prior, Preonus,
Manley, & Bawer, 2004 ). The combination of visible and MIR spectra
with orthogonal PLS regression technique produced B values of
083 (RMSEP = 0.47 /L) for the estimation of glyceral content of red
aned white wines (Sen, Drturk, Tokath, & Oren, 2006) About dry
extract mntent, FI-MIR measurements conducted on 327 oypical
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German wines shiwed, invalidation, PLS estimations cha racter ired
by an B of 0,999 (RMSEP — 099 gfl) (Patz. Bliske, Ristow, &
Dietrich, 2004) Thus, RMSE valwes wp to 001 mLjdL for alcohod,
031 gL for glycerol and 051 gL for dry extract are sccepitable for
wine quality contral analysis. Furthermore, the integration in i
single instrument of both the sensor (waveguide) and the
Maxsir g sy ok m— wiich ex tract in 2 vector Tadyion bothg ain and
phase shifts oocuwrmng throwgh the sampile — represents the novelty
of the propeed deviee in the dielectric panorama The system
could be alse considersd a5 an altermnative to the NIR and MIR
Spectroscopic devices.

Tise global winse industry is looking for mew analytical methods
o o tor produsd quality with respect to regulation, 25 well 2 to
improve the winemaking process In this view, the propeted work
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exploits an emer ging analytical techmnidgue (WVS) that e presents an
important sdvamce in the fBeld with great forthooming in the wine

imdustry.
4. Comchason

The potentiality of a full integrated system for the messure-
ments of the Gain and Phase waveforms in the L6—2.7 GHz fre-
quency range combined with PLS regression analysis was tested in
terms of prediction of the main compsitional parameers San-
giovese red wines: sloohol, glyceral and dry extract contents Pre-
liminary analyses conducked on standard sol utions simuls ting
common red wines ethanol and glwerol contents, evidemnced
changes in the acquined spectra scoonding to the levels of the two
parameters PLS models obtained from soquisition with real wine
samples showed R® values in test et validation up o 0.951
(RMSE = 011 0E34 (EMESE = 031 and 0861
( RMSE = 051 gL for the predictionof the sloohal, ghycend and dry
extract contents, respectively. For both standsnd solutions and real
wime samples, highest sccurades were observed with Gain wave-
forms Based on these pesults the tested wavegiide veclor spec-
trometer appeared to be able for a rapid prediction of the main

wie compitional parameters in the proess control
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Appendix H — Antioxidant activity of commercial food grade tannins
exemplified in a wine model
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Antioxidant activity of commercial food grade tannins exemplified in a wine
model

Arianna Ricci®, Kenneth ). Olejar®, Giuseppina P. Pampinello®, Alessia U. Mattiol?®, Nemanja Teslic®,

Paul A Kilmartin® and Andrea Versar®
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ABSTRACT HISTORY
Although commercial tannins are widely used in foods and beverages, an improved under-  Feceived 12 fogust 3076
standing of the siructure and composition of wegetable tannins i nesded to promote the — Acepied 14 Smmiber
exploitation of agrifood by-poducts and waste and their valorisation in more sustsinable 2975

industrial applicstions. This stedy sims to characterise the phytochemical compesition and oo
antioaidant activity of 13 food grade tannins wsing multiple analytical approaches, induding  Arsodant ackity:
spectrophotometry and HPLCECD 1o determine the amount of targeted polyphenclic com-  cmmercadl annins food
pounds. Moreover, the antiswidant activity of Lannins was sisesed in terms of radical scavenging  add@wes; plant polyphencls

activity (DPPH- assay) educing power (FRAP assay), and redox properties oy dic voltammetry,
OVl A setistical wnivariate and multivariate comelation analysis was pedormed on 17 parameters
including tannin content (range: 071-1.62 mM), galic acid, (+]-catechin, syringic acid and
Hlepicaiechin. The compodtional profile of tannins was relaied to their chemical moidety,
antioaddant activity and the botanical ofigin of the extracts. In particulsr, the CV signal at
500 mv was highly commelated with DPPH- value due to the catechol ring of favonoids and
trigalioy] modeties of gallic acid-based compounds. Practical examples of tannins ap plication in

winemaking are disoused

Introduction

Commercial tannins are plant palyphenolic compounds
extracted from different botanical components (eg. gall-
muts, chestnut, oak, quebracho, grape seeds) and are
composed of different chemical structures including gal-
lic and ellagic acids oligomers (hydrolysable tannins) or
proanthocyaniding polymers (Le. condensed tannins)
(zee Supplemental Data). In the food and beverage indus-
try they are comsidered as flavourings, whereas the
International Organisation of Vine and Wine (OIV)
authorises the addition of commercial tannins to facilitate
the darification of grape musts and wines. In particular,
winemaking takes advantage of these compounds to
enhance the colour stability, to improve the struchure of
light-bodied wines, and to provide additional protection
from oxddation (Versari et al. 2013), thus possibly mini-
phur  dicxide). A high content of polyphenolic
compounds is commonly associated with higher market
value grades (Mercurio et al 2010).

Based on the curent EU wine regulation (Mo, 1308/
2013), it is not mandatory to dedare on the label the
addition of tannins to wine. Similarly, the labelling of
commercal tannins provides basic information only,
without any spedfication of the effective “active principle’
(eg proanthocraniding) in terms of content, purity,
structure, activity, etc. That information would be hel pful
to winemakers to tailor the dosage and the style of their
wines. This topic of investigation is consistent with the
2015-2019 OIV steategic plan (http/)www.oiv.int/ pub
lic/medias/3345/ps-2015-2019-enpdf), which indudes
the need to (i) study and develop methodologies that
tend to guarantee product authenticity; (i) ensure con-
sistency about traceability and labelling: and (iii) draw up
specifications for products for cenological use.

Usnally, commerdal tannins are supplied with limited
information on their botanical source and composition,
therefare improved understanding is needed of the che-
mical composition and properties of commencial tannins
(Magalhles et al. 2014) to optimise their use for specific
chemnical (Lambri et al. 2014) and sensory applications
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[Villamor et al. 2013). In particular, the analytical char-
acterization of the compostion of commerdal tannins
provides useful information on the srucure-activity
refationships of these plytochemicals (Rice-Evans et al.
1996). Several pectrophotometric methods are available
to obtain a preliminary index of total polyphenols and
tannins in a complex mixure (De Beer et al 2004
Sarneckiz et al 2006) and total antioxidant capacity
[Hagerman et al 199%& Yokorawa et al. 1998). On the
other hand, structural chemical information requires
sparation technigques, which are useful tools to discri-
minate the single phenolic compounds and the extent of
polymerization of larger structures. The most widespread
method to determine the simple phenolic fraction is
HPLC with diode-aray (DAD) or eectrochemical
(ECD) detection, which allows quantification of the
manomeric polyphenols, and provides additional infor-
mation on the polymerised fraction (Gémez-Alonso
etal 2007 Versariet al. 2008).

In addition to comventional spectrophotometric
assays, a further evaluation of commercal tannins
involves the chamcedsation of their redox properties
as antioidants. Among the electrochemical methods, a
particular emphasis has been given to the use of cyclic
voltammetry, being an attractive analytical option for the
rapid screening of singe compounds and complex
matrices (Kilmartin et al 2002). Antioxidant activity is
commonly evaluated in terms of ability to scavenge the
DPPH. free radicals (DPPH. assay), reducing power
against Fe(Ill) salts (FRAP assay), and oxidizability seen
via the redox process during oydic voltammetry. The
latter approach was found to be an altemative and effec-
tive method to assess the anticsddant power of phenolic
compounds, in addition to its ability to discriminate
between reverdble and non-reversble redox proceses
(Kilmartin et al. 2001; Kilmartin & Hsu 2003).

In the cumrent work, a selection of commencial food
grade tannins was analysed using a combined analytical
approach focusing on their phytochemical composition
and anticoddant activity. The relationship among tannins

and various selected parameters was evaluated to improve
their application in winemaking and other industrial
applications

Materials and methods

Samples

Thirteen samples of dry commercial food grade tannins
with general information from the producers (Tahble 1)
(Enclogica Vason, Verona, Italyy HTS  enologia,
Marsala, Ttaly; Laffort, Bordeaux Cedex, FR: AEB
Group, Brescia, Italy) were representative of proantho-
cyanidins, commonly called condensed tannins
(lahelled “Pr’), and hydrolyssble tannins (labelled
‘Hy’). Stock solutions of dry tannins were prepared at
1 g/l in model wine solution, equivalent to 345 mM
{+)-catechin, which is a suitable concentration for ana-
Iytical purposes. The model wine solution was made up
of 12% ethanol (> 99%) in digilled water, with the
addition of L-tartaric acid 0.033M and NaOH to
reach pH 3.6 (Merck Darmstadt, Germany).

The samples, all of commercial food grade, were
directly provided by producers who daim their authen-
ticity with general information on the label Indeed, the
aim of the work was to ascertain the anthenticity (and
purity) of the selected tannins using multiple analytical
approaches, which are based on previous findings.

Chemicak and reagents

Sodinm carbonate anh ydrous (299 5% ) used for the Folin-
Ciocalten's assay (Menck), bovine serum albumin (BSA,
fraction ¥, lyophilised powder), sodium dodecyl sulphate
(S05; lauryl sulphate, sodium salt, 95%), triethanclamine
(TEA, 98%), FeCl,6H, O (98%) used for the Adams-
Harbertson's assay, and Fells anhydrous and 2.4,6-tris-
pyridyl trigzine (TPTE) for the FRAP assay, standards of
{+}-catechin monchydrate (98%) and FeSOLTHO (=

Table 1. Ust of commerdal cenoloegical tannins (samples) and their main appliations in winemaking.

Pri Leavees of Vids wintem md grapes Antiomdant
] Grape ool Articosdant; colbur stabilisation
L] Grape shins and seeds Fiming and chnfying agent
P ‘White gape seeds Anticosdant; cobur stablistion
L] Grape ool Croes-inioer fior anthooranine; ool stab listion
P Saber md gape wedc Fimimg agent
o] Unfermemed gape ddirs dnticsdant; fining agent
1 Amercan Ook ot
W2 e Gk Feing st
Myl Frend Ok Fming agent
Hyd Seflevied Querrnr woods Fiming ageni; prosides body o white wines
Hys Fed fruits tree wood Oarifing agent fior med wines
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9% were used for the calibration of Folin-Clocalten and
FRAP assays (Sigma-Aldrich, Saint Louis, MO

For HPLC analyses, eight phenolic standards - gallic
acid, caffeic acid, ferulic add, syringic acid, (+}-cate-
chin, (-}-epicatechin, epicatechin gallate (ECG) and
rutin — were used (Sigma-Aldrich) Methanol, acetoni-
trile, monosodium and disndium phosphate (Scharlan,
Sentmenat, Spain), orttho-phosphoric add  (Ajax
Finechem Pty Ltd, Sydney, NSW, AU) and 18-Ohm
purified water (Barnsted Manopure water system,
Thermo Scientific, Waltham, MA) were also used

Total polyphends and tannins analysis: Folin-
Ciocalteu and Adams-Harbertson ossays

Taotal polyphenolic compounds (TPC) were quantified
a8 mM (+)-catechin equivalent [CE] (Singleton & Rossi
1965). Tannins (mM CE) were determined wsing the
protein precipitation-based tannin method developed
for wine that uses bovine serum albumin (BSA), re-
suspension of the precipitate and a subsequent colour
development reaction using iron(ITT) chiorde that has
been shown to react with vidnal di-hydrocoylated phe-
nols making an indigo complex absorbing at 510 nm
(Harbertson et al 2002). Briefly, 500 pL of each stock
tannin solution was added to the reaction midure to
assess the reactivity of each sample against the Bovine
Serum Albumin (BSA) protein, The sample was cen-
trifuged to pellet the tannin-protein complex. Then, the
pellet was resuspended in a cuvette to which a ferric
() chloride reagent was added and incubated at room
temperature for 10 minutes, and the absorbance was
read at 510 nm (tannin final measurement) against
TEA buffer as a blank (tannin background measure-
ment) using a Shimaden UV mini 1240 spectrophot-
ometer (Kyoto, Japan). The guidelines for dilution set
forward by Jensen et al (2008) were used for the
tannins’ analyss by protein precipitation aseay.

HPLEC analysis of simple phenofics

Phenolic monomers were assessed using the method
described in Olejar et al. (2015). Briefly, samples and
standands were weighed on a Shimadm TW2200H ana-
bytical balance (Kyoto, fapan) and diluted in model wine
solution to a final concentration of 0.1 mM (+)-catechin
equivalent (CE) (29 mg/l) for the tannin samples,
whereas the standards covered the range between 0.1
and 100 mg/L. Solution of both samples and standards
were then filtered through a 045 pm syringe filter prior
to assay on an  Agilemt 1100 HPLC (Agilent
Technologies Inc., Santa Clara, CA) equipped with col-
wnn hester and ESA CouloChemn IT dectrochemical
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detector (Thermo Fisher Scientific, Waltham, MA).
Separation was undertaken using a Supeloo Ascentis
RP-Amide column, 30 x 100 mm, 3 pm (Sigma-
Aldrich, 5t Louis, MO) at 4XC. The system operated
in the gradient mode with mobile phase-A being 30 mM
phosphate buffer at pH 2.6, and mobile phaze-B being a
10:60:30 viv'v ratin of methanol, acetonitrile, and
100 mM phosphate buffer. Compounds of interest
were detected at 450 mV and 750 mV and the chroma-
togmms were processed with Agilent OpenlAB CDS
ChemStation Edition software (version C01.06 (61)1

Ferric-redixing antioxidant power: FRAP assay

The ability of tannins to reduce Fe(Ill) ions in acidic
conditions was assmyed according to the ariginal colori-
metric method (Benzie & Strain 1999). Briefly, samples
were diluted in model wine to reach a 0.2 mM CE
concentration (58 mg/L for each tannin sample), then
100 pL solhations were added to 1900 pL of FRAP reagent;
the resulting mixtures were stored at 37°C FRAP vales
were obtained after 30 minutes using a Shimadm UV
mini 1240 spectrophotometer (Kyoto, Fapan) and results
were expressed a8 mM Fe', in the mnge 0.02-0.31 mM,
using a FeS0,«THLO calibration carve.

Radical scavenging activity: DPPH: assay

The DFPHs amay was performed using the original
procedure [Brand-Williams et al. 1995) and further
developed (Villato et al 2007). Briefly, for the mdical
scavenging assay, 100 pL of tannin solutions 0.2 mM
CE were added to 2.9 mL of 200 pM DPPFHe- solation
in methanol Solutions were incubated in the dark and
at room temperatire for the time required to reach the
steady-state of reaction, then absorbance was measured
at 517 nm in 10 mm plastic cuvettes against pure
methanol wsing a Shimadmn UV mini 1240 spectro-
photometer (Eyoto, Japan) and expressed as percen-
tage of inhibition (Dudonné et al. 2009), using the
following formula:
sinhibition = [{4, — 4,)/44] x 100 i
where 4, = absorbance of the reagemt blank, and
A, = absorbance of the sample. The absorbance vahes
have been further used to estimate the total stoichio-
metry of the radical scavenging reaction for tannins, as
calculated ndng the formuls (Villato et al. 2007):
n = [(A—42)/4] x ol @)

where A, = absorbance of the reagemt blank
A, = absorbance of the sample at the steady state,
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oy = the initial concentration of anticdidant (0.2 mM
CE), [ = optical path (1 ¢m) and £ = the maolar extine-
tion coefficent of DFFHs at the working conditions
(e = 11563 /M cm), as calculated by (Villato et al.
2007

Redox process: cydic voltammetry experime nis

Cyclic voltammetry of tannins in model wine solution
(0.2 mM CE) was performed according to the method
previously described (Kilmartin 2001). A Bicanalytical
Systems (BAS) 100A dectrochemical analyser was used
to record the voltammograms. The BAS C2 eectroche-
mical cell stand was used with a 3 mm glassy carbon
disc dectrode (BAS M-2012), a platinum counter elec-
trode and an AglAgCl reference electrode (+207 mV
versus SHE). Prior to each experimental run, the glassy
carbon electmode was polished with 3 pm alumina
powder (PE-4 polishing kit), then rinsed with ultra-
pure water. The voltammograms were recorded at a
scan rate of 100 mV /s and a sensitivity of 1 pA. A blank
run was recorded daily in the model wine solution, and
was msed to subtract the background current. The
initial scan was taken from —200 to 500 mV, in order
to record the first anodic peak Further scans were
taken from —200 to 1000 mV to detect subsequent
oxidation peaks. Each experiment was run in triplicate
and the average value of the current integmted under
the anodic peaks (increase in anodic current with
potential, pAsmV) were expressed in mM CE. A cali-
bration curve of (+}-catechin monchydrate over the
concentration range 0-1.0 mM was used for the mea-
surement of the first anodic peak, following integration
aof the anodic current produced by the standard solu-
tions, A second caloulation was made based upon the
integral of the total anodic curent to 1000 mV .

Data processing and statistical analysis

Microsoft Excel was used for data entry, whereas deri-
vatives of the cyclic voltammograms were caloulated
using OriginPro § (Origin Lab Corp., Northamptan,
MA), and statistical analyses, induding Principal
Component Analysis (PCA) were performed with
Unscrambler X.1 (Camo  ASA, Oslo, NO) and
XLSTAT (Addinsoft 40, Paris, FR) software. All ana-
lyses were performed in triplicate and results were
provided as average vahes.

Results and discussion
Characterisation of food grade tannins

allowed characterisation in terms of polyphenaol con-
tent, highlighting different composition of samples
(Tahles 2 and 3). Total polyphenolic compounds
(TPC) content ranged from 117 to 277 mM CE, of
which tannins vared between 0.71 and 162 mM CE,
which corresponds to 34-80% of the potential TPC
considered. The wide range of TPC & most likely
related to several variables, induding the botanical
source, the effectiveness of extmcion methods and
the purity of commerdal formulation (Versari et al
2013).

The commercial tannins based on proanthocyani-
dins (Pr) showed an overall high content of total poly-
phenals, in particular the sample from unfermented
grape skin (Pr8) with 248 mM of total polyphenols,
L9 mM of which were tannins, and a significant
contert in  flavan-3-ols and flavonol monomers
(Tahle 2). Among the ‘Pr’ series (Le condensed tan-
nins), the sample Prd - a blend of grape skins and seeds
extracts - showed the highest TPC value (.75 mM CE)
with a significant tannin (1.16 mM CE) and quercetin

Gallic acd (] (+HCatechin ] Smingic add (M) (-Epicatechin b Femalic acd M) ECG (pM)  Quercetin glyooside (i BU™)

Bl B4 A1 87 401 nd 12404 S0 404 a8 +11 nd

] LEFY:T] S 03 172+ 02 1=1+03 BF +07 G + 05 nd

5] 23+ 17 137 a1 144 & 00 |- nd 42 00 Tx2T
] ME+ a1 11 +a% 115+ a1 136 +01 &1 +318 a0 +09 177+12
21 LEEY:T] 1L 110 120 + 08 ELRER R S4 403 101 £23 nd

] 1601 & G4 o+ 68 143 4 62 nitos 51 +£03 &5 £ 08 nd

B 494+ 0r mi1+18 s+ ar 161+08 105 + 0f 21 £03 M2 111
2] 424 a1 418 1.7 FAFRF BEE10 s £00 &1 00 M5 47
Myl 166+ A1 df + 04 112+ 04 nd 63 +08 18 400

W2 marza S0 +02 1124 04 nd 70+ 00 10 +02 nd

Hyl 153+ A6 4F 8 117+ 00 mnd 93 +10 r5 00 LT-N

By 134 + A0 166 03 1834 02 11507 6T £04 me +13 nd

Mys 14.7 & Q1 45 & 0.0 ned nd 50 & 0.0 18 & 00 nd
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Table 3. Antlowidant activity of food grade tannins determined with multiple analytical approaches jmean + S0).
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P2 184 4 009 0= + 0002 719 £ 030 OS2 + 00 QX9 4 000 08T 4 0008
Pl 211 4 OO0 163 + Gons 449 + 00 [=E_r._JE Y el i G177 4 OO0 CLr 4 0D
P 275 & 0004 106 + 0039 719 +030 OLEH 4 OL0E QX & 0004 OTE +0m
Ps 154 & QOO 105 + Qa7 558 + 030 05T & 000 Q1S & 000" O&E + 0.8
Pt 233 4+ 0004 108 + 0037 BEE + 030 OUSEY + 00H QXIT + 0.00E O.T4E + 0002
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Myl L¥7+ 0009 115 + 0oa7 E16 + 040 O6W + 0004 0301 + 000 OTE + 008
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MyS 191 + D004 1562 + Q00T FIED £ 0J0 Q55E 4 0UODS: 0335 + 006 OLrE 4+ OODE

glycoside content (177 pM RU). These results are
consistent with data from berry skin extracts of Vitis
vinifera L. white grape cultivars, whose total polyphe-
nolic compounds averaged at 3.01 mM CE, induding
0,190 mM CE of total flavonoid compounds (Katalinié
et al. 2010). Extracts from white grape skin rich in
phenolics and stilbenes are weful in winemaking to
enhance the co-pigmentation phenomena, which
increases the colour intensity of red wines (Boulton
2001). Gallic add peaked on sample Prd (24.8 pM)
followed by sample Hy2 (212 pM) and the effect of
this molecule on wine is controversial as it may
enhance the bitter and astringent sensory perceptions
(Robichaud & Moble 1990). Tannin Pr5 from white
grape seads had the highest content in flavan-3-ol
compounds, namely (+)-catechin (356 pM), (-)-epica-
techin (362 pM), and ECG (10.1 pM), with a lack of
quercetin glycosides as previously reported (Rodrigues
Montealegre et al. 2006). The grape seed samples PrSs
and P17 resembled each other with the exception of
increased level of (+)-catechin and (-)-epicatechin in
Pr5, and quercetin glycoside in Pr7 (Table 2). Although
the differences in flavonols can be partly due to grape
varietals (Pinelo et al. 2006), and genus (Yilmaz &
Toledo 2004, the presence of large amounts of flavo-
nols in Pr7 suggests that this sample does not corre-
spond to a pure grape seed extract.

Similarly, the sample Prl - an edract from Vitis
vinifera leaves - despite of the low content of total
polyphenols (1.17 mM CE) and tannins (071 mM
CE) and a lack of flavono] glycosides and hydrocydin-
nmamic acids is recommended by producers as an anti-
oxidant. HPLC analysis revealed the presence in
ample Prl of (-)-epicatechin and ECG (124 and
90 pM, respectively] followed by (+)-catechin
(8.7 uM) and gallic acid (8.6 pM). The origin andfor
the purity of this sample seems questionable as the
leaves of Vitis winifera were reported to be rich in

182|Page

flavonol  gyoosides and  hydrowycdnnamic  acids
(Monagas et al. 2006). Alternatively, the hypothess
that the extraction method needs to be improved, eg.
in terms of sobvent, temperture, time, solvent-to-solid
ratin, was formulated

About hydrolysable commercial tannins (Hy series):
samples Hyl, Hy2 and Hy3 were ellagitannins from
American and European - Limousin and French -
oak, respectively, that are routinely used to produce
barrels, chips and exogenous tannins to be used in
winemaking Limeousin and French oak extracts (sam-
ples Hy2 and Hy3, respectively) showed a high content
in TPC (223 and 177 mM CE) and tannins (1.27 and
1.15 mM CE, respectively), whereas American oak
(Hyl1) had the lowest content of both TPC and tannins
(142 and 106 mM CE, respectively). Sample Hyd, a
blend of sdected Quercus woods, revealed an extended
tannin fraction (1.35 mM CE) that accounts for almaost
48.7% of the total polyphenalic compounds (277 mM
CE). The significant amount of (-)-epicatechin mono-
mer (13.5 pM) and the high content of tannins found
in Hyl suggested the presence of bark blended in this
sample. Amaong ‘Hy' seres, the sample Hy5 showed the
highest concentration in tannins (162 mM CE) that
accounted for 84.8% of the total polyphenols content
(191 mM CE).

Cydic voltammetry

Cyclic voltammetry provided an insight into eecro-
chemical properties of the tannins which can be
related to the redox properties of the plant phenalic
compounds (Kilmartin et al. 2001; Kilmartin & Hsu
2003). Figure 1 shows cydic voltammograms of sam-
ples with high hydmlyzable tannins (Hy series, Figare 1
(a)) and those related to condensed tannins (Pr series,
Figure 1(b)). The edecrochemical parameters derived
from the woltammograms are listed in Table 4.
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Fgure 1. Qydic voltammograms (background subtracted] Samples ‘Hy' fa) and samples “Pr' (b) in the model wine solution,
measured at 100 mV/s above the potential range —200-1000 mV, at a 3 mm glassy carbon electrde.

Anodic axidation peaks, which were largely irreversible
and located around 380 mV on the voltammograms of the
Hy series with hydrolyzable tannins, were attributed to
gallate (and ellagic acid) groups attached to central sugar
maoieties, Small amounts of flavanol compounds contri-
bute to the small return cathodic peak in each case (see
Table 4), while the peak separtion values (E, , - E.) were
dlso much larger than the 29 mV expected for a fully
reversible system (Kilmartin et al 2001) Although the
further presence of an irreversible oxidation peak in the
range 506-510 mV for the Hy extracts might reveal the
presenceof rutin (Wang et al. 2012; Ervin & Fariuki 2016),
this attribution seems controversial when applied to the
analysed tannins, given the lack of this peak in the grape
extracts “Pr’ (zee Tahle 4), which generally contain rutin
(Sovak A001; Tacopini et al. M08 Castillo-Mufice et al
2010). The hypothesis is formutated that the peak charac-
terising the “Hy" series would be attributable to molecular
features of hexahydroeydiphenic add derivatives that
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oocur a5 ghioose esters in ellagitanning and are not present
in the grape extracts (Singleton 199% Bors et al. 2001).
Samples Hyl and Hy5 exhibited anodic peaks at
slightly higher potentials (871 and 86% mV¥, respec-
tively), similar to oxidation potentials occurring in the
Pr series and previcusly attributed to secondary elec-
trochemical oxidation of flavan-3-ol (Kilmartin ot al.
2002). This attribution was consistent with the compo-
sition of sample Hyt, containing a significant amount
of ECG (135 M) and (-)-epigallocatechin (20.9) mono-
mers when compared with the other hydrolysable
extracts. Corversely, its ocourrence was controversial
in sample Hy5, which showed an amount of flavan-3-
ols comparable with the other Hy extracts. Sample Hy5
also showed a consistent reverse cathodic peak at
350 mV (see Figure 1(a), Table 4) which is related to
the reduction of quinone to catechol and could suppaort
the hypothesis of the occurrence of a flavonoid-based
compound, but the selectivity of the elecrochemical
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method and the compositional information were not
sufficient to unambiguoushy attribute this peak; a maore
detailed analysis of the composition is required for the
red fruit tree wood extract.

Even though the ECG compound, with a gallate
goup, was ako detected in the condensed tannins
‘Pr' series, this anodic peak likely owerlapped the
main anodic potential in the range 390—410 mV,
which originated from the mxidation of catechol ring
of (+)-catechin (and (-)-epicatechin) wunits for

184|Page

FOOD ADCITWES & CONTAMINANTS: PART A (i) 7

Fri_ Graps msds

-«
= preves ___—__—"'}III G -
- ;
- \\ i
= KT
Fr e
- o - L - L (L]
¥ (AEARCT)
Frd _ rrapo shim and seeds
e e
s Al
] ¥
IE = 1 i, =y
e p ST
S £ ————— "
Y . Fa
Ama ™, i
A
- o T
L -
Fowiv gy
Trfi _ Grapy peeds
Lrm
(B 2] ﬂ:‘
s f b5
IlI \‘u.-"' "-.,_ 95_.:.!
=, ! e
I e i — ——
L Y - '\-‘_\\ -III'
- \\':.,'
BN oS ELt]
FE.
- L F A L o L
£ im¥ {Ag'dgl]
¥ _ Unfermenred grope sidos
avmr
Ex:]
1R - Iﬁll
e Ch e e
o 1 h R g
T — e lll{_d-——___
o G ™, K
1L N "-\ |II
1%
FEE
£ [ ] CH a E3 [
Famv fhpragt)

proanthocyaniding and of the triphenol of gallic acid
present (Kilmartin et al. 2001, 200Z). A prominent
reverse cathodic peak, typical of catechin or epicate-
chin, was always chserved (Figure 1(b)), consistent
with the oxidation of ortho-diphenols to guinones
being followed by the meverse process on the return
scan (Janeiro & Oliveira Brett 2004). The presence of
an earlier well-defined peak at 378 mV for sample Pré
suggested a predominance of galloylated flavanacls in
the larger oligomeric phenolic structures of the
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unfermented grape skin extract This hypothesiz was
confirmed in previous work by HPLC and MAIDI-
TOF analyses on crude grape skin exracts (Katalinié
et al. 2010; Monagas et al. 2010), and suggested by the
authors as a camse of the high antioxidant activity of
the analysed unfermented grape skin extract. The oxi-
dation peak at 310 mV - detected on sample Prl only -
can be ascribed theoretically to gquercetin (Kilmartin
et al. 2001; Fieliiska et al 2008), which was not
detected by HPLC in Prl, and to ascorbic add
(Loewus et al. 1987 ) which oxidises at the same poten-
tial under similar analbytical conditions (John 2005).
Further anodic peaks or shoulders around
650-670 mV could be due to malvidin-type anthocya-
nin units, or to stilbenes, which can produce peaks at
potentials greater than those seen for the catechal-
containing phenolic compounds {Corduneanu et al.
2006). All condensed tannin extracts showed an oxida-
tion peak in the 870-888 mV range, attributable to
soond oxidation peaks of catechin-based compounds.

Antioxidant activity

Tahle 3 summarises results for the antioxidant assays,
dlongside the TPC and tannin content. Information
gbout redudng power, redox properties and radical
scavenging activity related to effective elecron and
hydrogen-transfer processes were combined to provide
a more comprehensive overview of the antioxddant
activity of the extracts (Table 4). In the Pr series,
sample Pr8 showed the highest radical scavenging
activity followed by Pr2 and Prd (DPPH. = 767%,
73.9% and 729%, respectively), which correlated well
with the redox properties given by the peaks seen at
potentials less than 500 mV (CV gemy = 0.240, 0.229
and 0221 mM CE, respectively). The meducng power
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given by the FRAP assay was high [FRAP = 0628,
0,638 and 0624 mM Fe(ll), for Pr8, Pr2 and Prd,
respectively], but the valnes were not significantly dif-
ferent when compared with the other Pr samples,
showing similar redudng effectiveness for flavanol-
based extracts derived from the grape source, regard-
les of the extent of the tannin fraction. Samples Pré
and P17, procyanidins from grape seeds, were effective
reducing agents in accordance with the FRAP assay
results (0662 and 0641 mM Fe(ll), respectively), with
good redox properties according to the opdic voltam-
metry response (CWapgey = 0227 and 0,200 mM CE,
respectively; CV gy = 0748 and 0738 mM CE,
respectively). On the other hand, the low concentration
in phenolic compounds in sample Prl leads to a low
response according to all of the antioxidant mechan-
isms investigated (DPPHa = 22 4%: FRAP = 0.52 mM
Felll; CVamew = 015 mM CE
C‘lrimm".l = 0.70 mM CE:I.

The "Hy' series was characterised by a high antiox-
idant activity for samples Hy2 and Hy4, which were
rich in phenolic compounds. Sample Hy2 was espe-
cially effective as radical scavenger (DPPH» = 77.3%)
with the highest redox walue of the series
[CVapamne = 0256 mM CE), while the reducing power
(FRAPy,; = 0.642 mM Fe(Il); FRAPy,, = 0.650 mM Fe
(1)) and redox activities over the 1000 mV potential
range (CV g = 0.737 mM CE; CViy =0.734 mM CE)
were quite similar for the two compounds.

The Hyl sample, American oak, exhibited the lowest
antioodidant activity, in agreement with the lowest content
in phytochemicals (DPPH= = 45.8% FRAP = 0.504 mM Fe
(I} CV sy = 0 175 mM CE: OV yopey = 1714 mM CE).

The Pearson correlation analysis (Table 5) showed
the best correlation to be between the DPFHs assay
and the cyclic voltammetry usng the current integrated



FOOD ADCITWES & CONTAMINANTS: PART A (i) 9

Table 5. Pearson conelation matr of phendics and tannins content and antloxidant activity determined with different analytical
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under the anodic peak to 500 mV (r = 0.949). The
anodic current to 500 mV accounted for the anticxi-
dant effect of chemical moieties such as catechol and
galloyl groups having faster reaction rates with the
DPPHs radical, itself a weak ooidising agent
(Kilmartin et al 2001). The ortho -di (catechol) and
+n (pyrogaliol) hydrooryl substitutions on flavonoids
and berzoic acids increase the antioddant activity of
these compounds (Rice-Evans et al 1996; Leopoldini
et al. 2011). Furthermore, galloylation of the flavanol
monomers increases the effectiveness of phenalic com-
pounds as radical scavengers (Yokozawa et al 1998),
and this structure is likely to ocour in oligomeric
proanthocyaniding derived from grape sources, but to
be less prominent in highly polymerised tannins
(Kuhnert et al 2015). The correlation between
DPPH» value and the full anodic current caloulated to
1000 mV curve (r = 0.59) dropped as the additional
phenolic compounds with a high redox value are
weaker reducing agents, which are not readily oxidised
by the DPPHs radical. On the other hand, although the
oydic woltammetry response to 1000 mV provided
higher correlation with total polyphenok (r = 0.74),
the low cormelation with tannins (r = 0.39) mggested
that they underwent oxidation at low potential vahies
(=500 mV, see Table 3). The correation between
DPPHs value and the TPC as calculated using the
Folin-Ciocalten method (r = 0.811) is consistent with
results from Magalhdes et al. (2014), where a correla-
tion coefficient of 0L86 between the same methods was
observed for a selection of commercial tannins.
Moreover, the additional correlation found between
DPPHs asmay and tannin fraction caloulated in this
work (r = 0811) indicates that most of the activity is
attributable to the polymerised polyphenol com-
pounds, regardless the botanical origin.

The FRAP asmy was similady comelated with both
the anodic current up to 500 mV (r = (.70) and to
1000 mV (r = 0.71), and moa of the contribution was
likely provided by the current in the 200-700 mV
range. Fe*, the ionic species that is reduced during
the ferric-redudng antioxidant asay, has a cathodic
potential of 180 mV versus SHE (Fimz et al 2005);
in our working conditions none of the phenalic
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compounds cocdise at such low potential value to cou-
ple with the Fe(IIl) present (or generated from coupled
oxidation processes). However, the formation of cooe-
dination complexes between phenaolics and iron makes
the Fe(Ill) a gronger oxidant in the FRAP assay system
(Danilewice 2015), which makes the reaction posshle.
The satisfactory correlation between DPPH. and FRAP
values (r = 0.704) underlines the important contribu-
tion provided to the electron transfer process involving
the maost active phenolic molecular  features.
Discrepancies between the two methods were due to
lability of the DPFPH reagent compared with the
increased stability of the reagent Fe(III)/TPTZ (FRAF
reagent] in the buffered model wine solution
{Danilewicz 2015).

The discrepancy between the TPC vales caloulated
with the Folin-Ciocalteun and the OV gy my & most
probably related to the nature and purity of the com-
mercial products, which might contain significant
amount of lignin degradation products, resinous ab-
stances, reducing sugars, and artifidal food additives
such as dextrn, starch, and other vegetal amides
(Villavecchia & Eigenmann 1976). The total antioxi-
dant stoichiometry of tannin samples was caloulated as
the number of radical molecules reduced by one maole-
cule of antioxidant (Bgquation (2)), and correlation
between total polyphenols and n,., calolated was
good (r=0811). Table 6 shows the radical scavenging
stoichiometry calculated for tanning and compared
with the literature (Villafto et al 2007) for the mono-
meric constituents of tannins (gallic acid and flavan-3-
ok derived structures). It is well known that the ability
of monomers to scavenge radicals effectively increases
with the number of -OH substituents, however the
increase of hydroogy]l groups following polymerisation
does not provide an additive effect in terms of avail-
ability in the proton-tramsfer process. In fact, the
occurrence of polymerisation slightly increased the
stoichiometry of the radical scavenging reaction when
compared with the reaction of phenolic monomers
against the DPPH. radical Two hypotheses were con-
sidered to mainly influence the availability of hydrood
groups to participate in the radical scavenging reaction:
(i) the steric arrangement following the polymerisation
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Table 6. Stolchlometry of scavenging of DFFH- radical with
enological tannins (ng,) and data from the literature for moma-
meric and ol gomeric phenolic com pounds (n, . *) (Villafo et al
2007

Sample mode

Sample: desoiption
Vitls wiifen leaves
Grape bermes

Gape
Grpe skin and weds
‘White grape seedc
Cape seeds
alber red grape seeds
Unifermented grape dkire
Amencn cak
Limousin oak

Frnd ook

Lelected Queres wood
Trees wood

FIFTIFIFRTERT

3414 Eﬁﬂﬁﬂﬁi‘ﬂlﬂﬂtﬂﬁlf

i

!

]
b

Fesmmairol 10

process, and (ii) the stability of intermediate products,
such as dimers or quinones, which could further react
with the radical increasing the stoichiometry. The com-
pounds with high stoichiometry m-value are charac-
terised by an extended polymerisation of flavonoid
monomers andior a high degree of galloylation, as
gallic add has three -OH groups and the n-valhe
calculated for the reaction with DPPHs radical was 6
(Villafio et al 2007).

From the practical point of view, the sample derived
from Limowsin cak and from selected Quercws woods
showed a higher contert of active compounds and a
sronger total anticeddant capacity. When considering the
condensed tannins series, the extract from unfermented
grape skins showed the highest performances, despite a
contert of phenolic compounds that i lower than other
‘Pr’ samples, probably due to the high ocorence of fla-
vonoid gallate structures that implement the antioxidant
mechanizms The stoichiometry of radical scavenging reac-
tions was not additive with respect to the related mono-
mers, suggesting a contribution of the spatial arangement
in the availability of active functional groups,

Principal component analysis (PCA)

Principal Component Analysis (PCA) was used to dis-
dose the hidden structure of extracts from different
botamical sources on the basis  of HPLC,
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Figure 2. {[colow online) Principal component analysss of inves-
tigated tannins: somre pot for PCA first and second factos.

spectrophatometric and CV results. The first two prin-
cipal components accounted for the total variance, in
particular PC1 (explained variance: 99%) provided the
maost useful subset for explaining the data The projec-
tion of the tannin samples over the first two principal
components (Figure 2) deady grouped the condensed
tannins (series “Pr’, right-side of the quadrant) separat-
ing them from the hydmlysable extracts (series “Hy', left-
side of the quadrant} the separation was easily achieved
showing how the two chemical subdasses exhibit dis-
tinctive chemical-physical and compositional character-
istics. The ability to separate the commercial tannins by
their compostion in pobyphenalic compounds and anti-
oxidant mechanisms (recently highlighted by Magalhfes
etal 2014) was further confirmed in this work by using
the PCA.

The model provided an unexpacted pradiction for the
exceptional smmple Hy5, grouped between the ‘Pr’ com-
pounds Tannin Hy5, a hydrolysable extract, differed
from the other samples to the high extent of a paly-
merised fraction (84.8% of the total polyphenol content);
mareover, it was distingnished within the “Hy' series for
the presence of a reverse cathodic peak at 350 mY, as
detected in oydic voltammetry. This electrochemical fea-
ture supggested the presence of a flavonoid-hased com-
pound that was not detected in HPLC, which influenced
the PCA dassification of the sample.

The discrimination was mainly based on the presence
of a revemsible cathodic peak in the oydic voltammogram
of condensed tannins; this cathodic current peaked at
350 mV (see Table 3) and is generated following the
oxidation of catechal to quinone, which is reversible at
the time-scale and diffsion limit of the voltammetry
experiment. Flavonoid compounds and the content in
between flavonoid-based tannins and the “Hy' series. A
significart fraction of flavonoid featires [resorcinol



group and the heterocyde of catechin-based compounds)
oxidises inthe range S00-1000 mV, and this is the reason

for a high anodic carrent ohserved up to 1000 m for
sample Hy5 and the ‘Pr’ series.

The peculiar composition of tannins based on flavan-3-
ol make them suitable for several technological applica-
tions. In more detail, proanthocoyanidine are flavan-3-ol
oligomersand pobymers, containing resorcinol, coygenated
heterncyle, catechol ring, and occasionally catechol-gal -
lated structures. Their structure-activity effectizalso refated
to their interaction with the chemical environment, in
particular the pH value and alcohal content affect the
efficiency of the anticccidant mechanisms and the balance
between anticedidant and pro-mddant activities

It is generally established that the catechol and
pyrogallol rings act as electrophilic centres, and are
mainly responsible for the antioxidant activity of these
compounds; conversely, the resorcinol ring is les
active as an antioxidant (lower electrophilic effect)
but it is characterised by high mcleophilicity.
Phenolic compounds can easly deprotonate to form
a phenoxide, undergoing resonant stabilisation. In
general, condensed tannins are suitable for wastewater
treatments (e.g. winery effluents), since the deproto-
nation is promoted by electronic delocalisation within
aromatic ring, thus increasing the electronic density
to the unpaired oxygen atom. It follows that the more
phenolic groups are available in a tannin structure,
the mare effective its coagulation capability (Ozacar &
Sengil 2003). On the basis of this assumption, we can
predict the coagulation capability of these compounds

ing an ‘effectiveness scale’ for the tannin series
irvestigated based on the cydic voltammetry response
aof the anodic current up to 100 m, which is related
to the number of active sites in the extract (-0OH
groups). The series was classified as follow:
Pr2=Pr4>Pré=Pri=Pri=Pri>Hyl>Hy3>Hy4 >Hy5 »H-
y1=Pri=Pr5. The series begins with Pr2, Prd and Pré
samples, all extracts from grape seeds, whose
proanthocyanidins are partly galloylated (about 20%
galloylated units), followed by Pr8 a grape skin
proanthocyanidin that is characterised by (-)-epigal-
Incatechin asa major component (Sougquet et al. 1 996;
Sarni-Manchado et al. 1999). The proanthocyanidins
Prl and Pr5, located at the end of the series, are
characterised by a low content in total polyphenols
and tannins when compared with the *Pr* series, and
the low electrochemical activity could be related to an
occasional low extraction yield for these compounds.

A similar consideration makes grape tannins extracts
suitable for the production of high-performances poly-
meric films In a previous work, a plastic film hased on
ethyl cellilose and blended with a grape seed extract was
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prepared, taking advantage of the ordered condensed
structures of the natural extract based on C4-C8 linkages
between monomers Therefore, the tannin molecules
allowed the —OH sites to be available for imeraction
with theactivesites of the plastic, and to keep some active
sites available for anticeidant activity (Olejar etal 2014).
According to the PCA dassification (Figures 2 and 3), the
Pr series is confirmed to be the main candidate for this
application, with high TPC valies and a significant elec-
trochemical activity in the whole range up to 1000 mV'.
On the basis of these considerations, a tentative classifica-
tion of the condensed tannins investigated in view of their
application as plasticadditives could be made on the basis
of the total polyphenoltannin ratio: Pe2 (322) > Prd
(237) > P (228) > Pré (216 > Pr3 (205) > Prs
(1.85) > Prl (1.65) > Pr7 (L46). This dassification was
based on the premise that most of the monomeric frac-
tion consists of flavanok and flavonaols (Table 2, Figure 3)
able to interact with the active sites of the plastic and to
support the anticcdidant activity of tannin molecules.
High exidation current values were calculated up to
500 mV (3T8-383 mV) for the ‘Hy' series, also showing
a high correlation with the ability to scavenge the
DPPH synthetic mdical of these molecules the scatter
plot shows the dasdfication of hydrolysable com-
pounds as active radical scavengers (Figures 2 and 3).
The scatterplot shows a correlation between the redox
activity up to 500 mV, the radical scavenging capacity
and the percentage of poalymerised fraction in tannin
extracts. In particular, samples Hy2 and Hy4, which are
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Figure 3. Principal component analysis of investigated tannins:
loading phot for FCA first and seamnd factors.



T ) ARCIETAL

extracts from Limowsin cak and a blend of selected
European Quercus woods, respectively, were particn-
larly rich in tannin fraction and strong radical scaven-
gers. Furthermaore, extracts located at the left-sde of
the plot (Figure 2) are generally characterised by a high
content of gallic add monomer, as expected for the
hydrolysable series of tannins; the hydmlysis of glyoo-
sylated chains and the degradation of lignin of heart-
wood following extraction are the two main breakdown
processes responsible for the high occurrence of gallic
acid (Quinn & Singleton 1985). The effectiveness of the
radical scavenging mechanisms could be related to the
high resonant stabilisation for gallic acid compounds,
5.14 keal/mal in water (Leopaldini et al 2004), which
make this monomer and its derivatives suitable as
radical scavengers Hydrolysable extracts, especially
derived from European cak species, could be the basis
for formulations of additives for long-term conserva-
tion of foodstuffs; nevertheless, the presence of these
compounds influences the performances of hydrobysa-
ble tannins when used as food additives, due to the
astringent perception supplied by gallic and ellagic
acid-based compounds. A tailored introdoction of
these extracts in food technologies would reguire a
detailed investigation of the relationship between che-
mical composition, dosage and snsory impact (Ricci
et al. 2016).

Conclusions

The proposed approach was successfully applied for the
ducidation of the amcture-activity relationship of food
grade tannins. It reflected their effectiveness as natural
anticcidants due to their complex combination of
reducing and redox activities, which als contributes
to their abiity to scavenge radicals. In particular, the
tunahility of the oxidising potentials enabled a discri-
mination between the high-reactive polyphenol frac-
tions, which oxidise at lower potentials within
500 mV, and palyphenalic compounds, which are less
reactive and participate in the antioxidant activity with
low-rate secondary reactions.
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Tamnine are fond additives widely wed dus #o their antimddant and antimicrobial soivities, and
flavouring properties. Nevertheless, the information provided by the manufacturers are ofien generic,
and data on the presence of specific phenalic compounds and potentially tocc slements are nesded. In
thiz wark 2 s=lsction of food -grade plant sxtracts = also @llsd “ommencial tamins” = from different
botanizl sources: Wis vinffers sp, Cemadlis Sinends, (pewus robar, were profiled wsing UW-vis
(MAID]-TOF-MS), and inductively conpled plsma-mass spscirometry (ICP-MS) The combined

Fund compasition ical appr aach w suitahle far quality contral of the palyp henalic fraction to highlight authenticity
"“Fx markers (2.5 gallofated flavonaids, glycasides, =llagitanning |, a1d & asceriin the content of Emic
Tanmiin aushe nsciry elemeents (o, St As, Co, O, Fe, Pn, Li Ba amd Ph) nespect to thedr begal and o r recommeendesd mits
Tannins qualicy © 2017 Elsevier Inc. All rights nessrved.
Memls moidny

1. I trosdiset iom compounds which reflects their technological performances

There is an increasing interest in the exploitation of phyto-
chemicals from agri-lbod by-products and wastes In this
perspective, tannins - secondary phenolic metabolites: produced
by plants - Tuave gaine d incrassing interest for Dt exploitation in
the food industry, due to their application in human and animal
vutr it oor &S b st o0d donds | A rogha, 2000; Cliineg ef al, 19598)
and feed flavourings (EF5A FEEDAP Pamel, 2014)

Commerncial tanning are natwral polyphenolic compownds
occurming in plant woods, fruits, seeds and extracted from
different plant tisswes. Few selected species are empiloyed in the
food technologies, due to their high content in bioactive
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Procyamniding are condensed molecular structures composed of
Mavan-3-al monomeric units; the main natural sources are
comstituted by grape seed, skin and lesves, mimoss bark
Quebracho wood, and tea leaves. Hydralysable tannins consists
of gheosylated units of gallic and ellagic acid monomers and
polymers; the aak, chestnut and gallnut woods provide primary
soinrees of Inydrody-<able tanmins for the food industry (Versan et al,
2m3

Tl;l:l-'ﬂ'liﬂi comnsist of & complex matrix inchuding polymenized
fraction and sdditionsl components such x5 phenaic monomers,
oligomeric fractions, phenolic aldehydes, stilbenes, sugars and
gheosyated compounds, among others (Versan ef al, 20013]) The
propertie s of tannins are strongl y depende nton the compos tion of
specific classes of bisactive compounds occuming &5 4 conse-
quence of the extraction process, amd on the lack of contaminants
(Vivas et sl 2004a) In particulsr, the phendic compounds can
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remove free radicals and dhelate transition metals and proteins,
improving quality and stability of food and beverages (Haslam,
1958 However, tanning could induce astringent, antimutritional
and toetic effects (Avallone e al, 1997; Makkar, 2003 Therefore
their analytical characterization is a suitable toal for the valor-
isation of plant et racts (e g tea lesves) and for their expl ol tation
2% sources of food supplements for human nutrtion and animal
feed. In particulsr, the bissccesibility and fermentability of
tanning by colonic microflora is highly affected by their degres
of polymerisation (Serrano et al, 2009)

The we of tannins in the lbod industry i regulsted by
Communitarian and Intermationsl legislations (FDA- Code of
Federal Regulstions Title 21; Directive 2001212 /EU of the Eunspean
Parliament and of the Council, amending Couwncil Directive 2001
112[EC; Beer Judge Certification Program (E)CP) Style Guidelines
2015; Resolution OIV=-0END 554-2015, among others) but imited
recommendations are provided for the sufhentication and
typification of raw materisls. The compostion of the momome ric
ey e ic Traction and buwilding blocks of oligpmers are specific
for each botanical class, and provide indrma tion on the effective
origin of the extracts The main markers of quality and suthe nticity
of commercial tanding ane related bo the content of condensed and
Irydrohysate s nsctunes, akoinchuding (i) the degree of galloyiation
of polygalloyiglucose chaing and fAsvanel monomers, (i) the
glycosylation patterns derived from degradation of plant tisses,
amed (iii) their molecular arrangement lollowing extraction
{Amakira ot sl 2009: Nonier et al, 2005)

Ome of the most beneficial groups of pol yphenolic compownds
olbaimsed by matural edracts is constiteted by proanthocy amiding
with procyaniding a5 the most prominent subclas; miotures of
procyanidolic oligomers naturally oo in frits, with red fruits
and grapefruit a5 the main sources, and tea lesves The relsted
extracts have technodogical and nutritional impact, being exploited
st i thee bevera ges indust ry and x5 food supplement. The grape
extracts are commonly composed of svonoid monomers and
procyanidin aigomers and polymers extraced from Vit v
sp. grape seeds and skin; among them, 2 large amount of flavan-3-
ol monomers esterified with gallic acid wnits has been observed in
the grape seed procyanidine (Krseger et al, 2000, resul ting in an
enhanced bioactivity and 2 sStronger sensory impact when
compared to the skin extract

Dise 1o the steric hindrane produced by esterification of
i el e mneomer s, the degree of polymeni sation of procyamidins
could resch a maximum of 16 wnits; the occurrence of higher
polymers may derive from oxidative condensation of oligomers
following extraction (Priewr of al, 1954) The grape skin extract is
charscterisad by a higher degres of polymerisation, related to the
low degree of esterification of favan-3-0] monomeric wnits. Both
skin and seed extracts from grape are effective antioxidants and
cam be added to foods and beverages to retand deterion tion

Green tea (Camellio sinensis ) lesves are recognized a8 2 major
souree of gallofl svonoid and flavomnol d gallstes, with a prevalence
of (- )-epigailocatechin gallxtes [ Graham, 1992; Yoshizawa et al,
1987); the peculisr compisition makes the extract a suitable
candidate 25 probection from aidative stress (Frazier et al, 20010,
Perumalla and Hettiaracholy, 2011) Nevertheless, the ability of
galloylated structure to interact with proteins i sbso responsible
for the astringent perception induced by gallic add-based
compounds [Hasertson et o, 2012; Obreque-Slhier ot al, 2000):
the wie of both grape seed ectract and green tea tannins would
requires detailed invest gationon the chemical compos tion of the
phenalic fraction and on the sensory impact for their addition

Thee water-solubile hydrolysable tannins contained in Eunopean
oak [Quercid species) heartwood heve been historically exploited
for cooperage, and they are recognired a5 providing bemeficial
stabilising and fvouring elfects. Ouk wood is mainly used for the
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conservation of fine beverages: aging wines spirits, and balsamic
Wire gars afe traditonally stored in barmels where the oont i
oontact with wood naturally extracts and relessesellagitanning in
Sivhtioon ; e llag tanming contained in the oak edracts inoresde the
antioxidant aciity, due to the high content in gallic and ellsgic
acids-based compounds [ Landete, 2011 | Several scientific surveys
have explored the differemces between Evropean and American
Quencis species wed for coope rage, to dete mine the most suitable
Tormulation for food industry needs. Among them, the work of
Chatonmet and Dudsoisndien (1958 ) has highlighted the sipremacy
of pak obtained from Limousin forests in relation to its content in
water-soluble precursors (Chatommet and Dubowrdien, 1908)
Limousin oak forests are located in the sout hwest area of Frances,
with a prevalence of § robur trees; this species has a high content
im ellagitannins, vanillin and phenaic aldehydes when compared
o ) perraed and f albva ok Speecies ( Chatonme t amnd Dosbsour diew,
1908)

Simce there & no regulstion constraining manufsctures to
provide a detsiled composition of the extracts o the methods of
extraction used, information on adulteration and possible con-
i it o5 et v il e oy thee ComcSme 1, & med € hee o Oy e thee
Tl thiimeess o commercisl tanming can be qued ionable Monitor-
g the composition of food additives is a key step to guarantes
consumer safety, through the identification of markers (both
qualitative amd quantitative) which infbrm on their elfective
comntent in bicactive compounds, their authenticity and non-
tosdcity (Li and Vederas, 2000, Penmington, A02) Mareover, &
comrect balance in macroelements (Ca, K. Mg Zn, among others)
ool enhance the mutritional valwe of this food sdditive (Swlaiman
et al, 201, Win et al, 2004)

Dhve b0 thee large variety of commernci al botamical et racts uwsed in
thse Bood imsduat vy, there is 4 feed to explore both targeted and fodn-
targeted approaches to assess the qualityfauthe nticity of commer-
cial tanmin formulstions. In this work, the compositionsl param-
eters of four tannins employed for human consumption and
selected to represent commerncially svailable extracts from: grape
seed, grape skin, green tea lesves, and Limousin oak heartwodd,
were investigated, and quality and authenticity markers wene
identified MALDITOF ME, ICP-MS and spectrophobmetric 15y
were used for qualitative and quantitative analyss; in particulag
the elementsl and moleculsr @mposition, slong with the
palyphenclic content and antiradicsl sctivity were msessed lor
these commencial food additives, and brieflly discussed

2. Exjperinmental
21 Cheriicals

Salvents L-tarta e scid| = 100%) pure ethanol (=00%) to pre pane
tammin solutions, and HNOy and HyOy resgent grade used for ICP
M5 anahysis weresupplied by Merck (Darmstadt Germany | Bovine
serum albumin (BSA) anhydrous Fell; and 2.2-diphend-1-
pierylhydraryl radical {DPPH) for spectrophotometric determi-
nations were purchased by Sigma Aldrich (SU Losie MOL
Phosphorus red reference standard (99999%) wsed for MALDI-
TOF analyses was purchased from Acros Organics (Fair Lawn, ML

2.2 Samples preparation

Four food-grade commercial tannins from different botand cal
soeroes: grape seed (SEF) and skin (SKP) proanthocyaniding, green
e proscya midins { GTP), andl Limodrsin aak e Legit anmin { LDE), wene
puerchased from the Endogica Vason company (Enalogica Vason S
PAL Verona, Italy) & lyophilized powders and sored 5t mom
temperature; any purification trestment was camied out on
commencial samples before analyses. According to Harbertson



A Ricei or ol [Journal of Food Composision ond Amalysk 59 (2017) 95 04 @

etal (2002) 1gL of tannin powders were dissolved in hydro-

slealalic slution (125 [wh) ethansl in distilled water, with

adddition of L-0033 M tartaric acid and 1M MaOH to reach pH 16)

o abtain a“stock solutions” of each sample; then, stock solutions

werne properly diluted in distilled water for spectrophotometric
3

For MALDI-TOF experiments, powder sample s were dissoel ved in
acetone/water 50/50% (yv) at a concentration of SmgfmlL, amd
thee i the solutions were mixed(1: 1 wv )with 2 st andard sol wtion of
2 S-dilydrosybenrodc scid at WDmg/ml dissalved in the same
solvent Then, 1.5 pl of the mixed sol ution were spotted on a 384-
well MALDITOF pilate, followed by evaporstion of the solent st
ambient temperature before analyss.

For |CP-MIS anal ysis the stock sodtion (5 mL) werne sdded with
ImL of HNOy and 2mL of Holy resgent grade, then hested o
130 C( digester DigiBlock ED365; LabTech, Hopkinton, MA ) for 3 h;
sl quee nitly the mixture was diluted with 25 mL of wh rapure HaD
befiore amahysis.

2.3 Deermination of toml polyphenols, tannin focfon and in vitro
antiaxidans capacity

Total (iron resctive) polyphensis and tannins were quantified
using the method of Harbertson et al. (Harbertson et al, 2002)
which is based (i) on the abiity of protein (ie bovine serum
albumin, BSA) to precipitate tanmins, and (i) on the reactivity of
ferric chloride with phenolic compounds that podssess omho-
dilaydroxyl groups, as previoudy described (Versar et al., 2007)
This method is pamicularly suitable for commercial tannins
analyss a5 it estimates the degree of purity and the amount of
irnereactive polyphenalics, which play a critical role in redox
AyElema.

The in viro antisidant capacity of tannin samples was
determined using the DPPH® radical scrvenging method (Brand-
Williams et al, 1995) that evaluste of the decay of radical
absorbance at 517nm; results were expressed as Trodox equiv-
alents (mmal TELL

All spectrophotome tric de terminations were performed wsinga
Shimadry UV Mini 1240 spectrophotometer [Shimadzw Kyota
Japan}.

2.4 MALDN-TOF ffsa pectnm elry

MALDI-TOF spectra were recorded wiing 3 Kraips compact
MALD Axima Performance TOF 2 instrument (Shimadey Biotech,
Manchester, UKL, equipped with 2 nitrogen laser (337 nm ), an ion
gate for the slection of precursor ions, and a collision cell
ascoording o Lagel et al (2014) The windows for separation of
Precursor ions wene approximately 4 Do Argon lhas been used a5
thee ool lisi o gk Al il s weere ol needl i oo tive jom linear mode
applying the sccumulstion of 441 scans per spectrum. Linear
megative mode was wied for the i nvestigation of hydoolysable and

Tabile 1
Pihiytoechsmical com position and anbondant

dity of sebaced

ghycosylated molecular pattems which characterise the Limowsin
oak extract The calibration of the linesr modes was done usng
phosphorus red pigment 25 2 reference over 3 mass range up to
250004 Na0l was sdded in the sampling wellk a5 the salt to
enhance jon formation previous deposition of samples|51) . The
MALDN-TOF target was then analysed to give the resulting spectra,
ki & Faster analysis over the targe 1 Maldi-MS soltwa re was used
for data treatment (Shimadzu Biotech, Manchester, LK)

2.5 KCP-MS ambses

Metals were analyzed weing an Agilent ICPMS aquipped with 2
T Apex + 5 piro TMD | Agilent Technology, Santa Clara, CA); the
stamdand nebulizer for sample introduction was replaced with 2
desolvation system. The APEX ) stomizes the sample into a
cydonic chamber heated to 140°C and subsequently cooled, thus
inducing the removal of most of the aqueous component of the
sample_ After condensation; this prooess enasbles concen trati on of
the sample by sbout 10 times. The Spino TMD (Teflon membr ane
desolvator] is composed of a spiral interfaced with a Teflon
membrane eated at 100 °C ¢ hat further removes e water vapor
froim the sample seroso] stream, enabling only the dry com poment
o reach the plasma_ The scid digesion step and the comibined wse
of APEX (0 and Spira TMD technologies ansble the smultaseous
determination of macra, micro and trace elements, amd it is
routinely used a5 an internal laboraory protocsl for elemental
prafiling: nevertheles, in this work only the first two categories
showed significant concentrations and are accordingly discussed
im the Results and Discussion section The instrument is also
equipped with a collision chamber sparged with He for the
removal of interferences, such a5 axides (below 01X); analyses
were perfomed with and without He stream, to svodd overesti-
mation die to occasional adducts formed

Imibeerua | Standands Ge and T were sdded throwgh a tee into the
Apex, before the introduction of the sample and used for
LAt Lation.

2.6 Sraristical amalysis

Micrasoft Bxcel was weed for data entry, and statistical analysis
was performed with Unscrambler 3.1 (Camo ASA, Dslo, Norway)
Al sl yses were performed in triplicate and the feul 5 eopre sed
a5 mean +standard deviation (SD) The statistically significant
level was contidened ata =0005.

3. Results and discussion

31, Tatal {iron reactive) polyphenols, tannin fracrion and in vitrs
antiadon capaciry

The total polyphens] content, tannin fraction and the in vt
antiooddant capa city of the four commenci sl estracts (Talde 1) was

cial ranmins. Resols fram replicanes (m=3) am repored a5 mean walos = Sandand Seviain.

Legend: grape sord (SEP) and siin [ 30P) proanth ocyanidine, g ted procyanidins (GTP) Limoesin ol ol giannin [LOEL

Tammin sampiles

P 5K GIF LOE
Tl puodyplhamesds jmbd CE* L2+al 18+ 00l 28 +00 134+ 008
Tanmin {mbd CE} L8+ 00 123001 L0400 L4Z+ a0
“Tannire ol X} s aza 475 &0
DFFRH (m 000 o= a0l o4z o 03900
* - phenedic ©om pamnds” (%) 4a7 &7 300 13
sPrprested as [ +}-catechin sy “Pqprested as Tidox ay *Calonlaned 35X wiight tanmines)ma] podyphened: *Caloolnsd 2% weighs | gL dny powde —

emaed Dl polypherds.
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camied out to set-up a rapid screening approach to provide both
pisalitative and quuantitative information wsehsl for quality control
of commerncial products. Samples were ranked in terms of total
polyphenols content a5 follows: SKP > LDE> GTP> 5EP

The SKP extract pasked in the totsl polyphencl comtent
(ZB3ImM CEL of which 42.9% is the polymeric tannin fraction
(123mM CEL The seed procyanidin (SEP) was lowest in total
polyphenols [ LE2mM CE)L, most of which (93%) comprised the
polymernised fraction (lavonoid oligome s and polyme s | The SKF
SEP ratio of proanthocyaniding estimated in this work (value =13)
isalmost doubled whe n compared to the valwe of 055 abitained by
Vivas et al (2004 b) when studying smiler commencial
formulations. This result emphasised the high varisbility of
bisactive compounds in commercial extracts, which i affected
by several factors, including the extraction process (eg., time,
temperature, solvent, etc.) and the raw material (e.g | grape variety
s maturity] Although the tannin fraction (T of the totsl
polyphensl content) defines the effectivensss of the extraction
proces and influences the technologicsl potential of the extracts
T instlisitrial appdications (Kallithraks et al, 1995, the monome e
fraction contributes to the antieidant properties and constitutes
af impoartant parameter to be monilofed The green tea extract
showed a high content in polyphenolic compounds (211 mM CE)L
part of whidy was tannins (476%), and the highest antioxidant
capacity as radical scaxvenging (042 mM TEL The green tea leaves
are fich in svonoid-based monomers with a2 high degree of
galloylstion (Perumalls and Hettiarschely, 20110, and the effec-
tiveness of the galloylation pattems in the radical scavenging
activity was alie olserved in the SEP sample (026mM TE)
compared to SKP (034 mM TE] The enhanced antioxidant capacity
of Limousin oak extract (039mM TE) compared to the grape
extracts can be axplained by the high content in total polyplenols

{234 mM CE ), with a great content in lydrolysable tannins (60.9%)
that provides an efective prolection apainst oidstion

In general, samples shwed a variable comtent in non-phe nolic
compounds [ SEP> GTP> LOE> SKPL, which was attributable to the
presence of degradation by-products following extraction or
addition of stabilising additives during processing ie arabic
gum powder, profeinscecus materisl, cellulose (Romani et al_
2006

32 Targeted anahai by MALDI-TOF mass S pechnim ey

321 Seed proanthocyasidin (SEF)

The MALDITOF prafile of SEP sample highlighted the galloy-
lation pattems that are a valusble marker of edracts fom grape
seeds and skin (Souwquet et al, 1996), the liter with high
polymerization index and less astringent sensation (Vidal et al_,
2003 ) The SEP shivwed monomers from fragmentation pattems of
Navoneid compounds (231 Da), wheress the 2710a peak was
Abtri bt able o fise tinddin (o catechi nwith loss in =—0H), whil e the
catechinwas present in protonated form (291 Da). The ocowrence
of (- }gallocatechin{-}-epigallocatechin compounds was repre-
st ed by the pesk 41303 Da, toget lser with typical fragme nts 258
220Da [M5? [mjz]] The 152Da kagment was relsted to the
presence of galloyl wnits relessed during fragme nitation The major
Mavonoid monomedc units wene found to be [+ }cateching--
Fepicatechin (mass increment: 289Da) However the building
lock af the first semes of polymerc stroct wnes Wi represented by
a fisitinedin-fsetinidin dimer (540Da), increasing its degree of
polymerisation with cateching »¢ repeating wnit (Fig 1) B27Da
(trimer); 11250 (tetramer); 14160 (pentamer); 1708 Da {hex-
amer); 19920a (heptamer); 2Z78Da (odamer) Although the
MAIDITOF analysis was mof able o discriminate bbebwesn
steresisomers, due to the steric hindrance provided by flavanol
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Table 2

Caloolared and MAID-TOF paals relaed o the gligylaed
proscya niding series in S SEF sample

oF no.of galloy] onis Caboolaned (M3G*)  ObarredeNa')
(=152 0a)
Lingas pudirkee mode
Tiimer o 890 a0
1 104 -
b T s
3 1344 B4
Toams @ nE 17E
1 k- BE
b 14 iz
3 =N 33
Pantamer O 1465 -
1 18E -
2 T -
3 12 B2
4 b1 0
Hemmer 0 754 -
1 1508 -
2 058 -
3 2w -
4 383 -
Hepmmer O 42 w37
1 1511 M7
2 134 TI4E
3 2455 2487
n 3939 -
Ooamer @ 133 -
1 2433 480
2 3635 -
3 3787 -
4 3939 -

"D degres of podymn ek |-} Mot present.

units, we hypotheszed a (-jepicatechin-like sructure a5 a
building block for grape seed procyaniding, with (+Fcatechin as
2 podsible terminal umit (Vivas et al_ 20041) The second series of
polymeric structures was characterised by the presence of
galloylated compounds with & varishle number of galloyl units
a5 summarnized in Table 2. Flavonoid compounds wene 2150 fownd

Tabde 3

inthe grape seed extract, &5 sodium addwcts (309 Da, kaemplemnl;
324 Da, qiver e tin); on the bags of the it molecular weight, the 463
peak was attributed o the quercetin-3-glycoside monomer, and
thee 609 Da peak was related tood quence tine-3- ruti nodde [ntin) -
like strsctine.

322 Skin proanthocyanidin (SKP)

The MALDITOF spectra of the grape skin proanthocyanidin
(SKP) showed (+)-catechin){-epicatechin (peak 283Da) and
gallocatechinepigallocate chin (pesk 303 Da with sdditions] frag-
ments 250 and 226 D) as the main wnits, in agreement with the
literature (Souquet ef il 1906 Notewortly, the peaks st 166
169D (gallic acid), 436 Da ([~ }epicatechin-3-gallae ) and 462~
45404 ([~ -epicatechin-3-gallste sodium adduct) were markers
Tor the presence of galloylated wnits_ Catechin gall sbes are generally
recognized as the main constitwents of grape seed extracts (Vivas
et sl 200db; Yang snd Chien, 2000), with a varisble degree of
galloylation in grape skins, mainly featired s | - -epicatechin-3-
O-gallate structures (Souwquet, Cheynier, Brossaud, & Mowtounst,
1995). The 453D0a pesk could be allematively asigned to the
occurence of quercetin-3-ghooside (Soquerceting, although naot
sidacisted with complimentary fragmentation patternd The only
confirmati on for this sttribution derived from the presence of the
peakatB17 D, o5 a possible isogquence tin gallate dimer The 605 Da
peak was relermed to a5 quercetin-3-rutinoside (ntin] with loss in
protons

Thee compeition of procyanid i for the SKP ample is lised in
Talde 3. Itis mainly @mposed of thres building blocks: catechin
dhime s procyaniding B catechin- gall ocatechin dimers, s tinidin
dimers; among these three combinations, the main repest wnit
consists of atechins (+288 D, Fig. 2]

3.23. Green (e procyaniding (GTP)

The green tea lesves were characterized by prodel phinidin
compounds and flnvonol-glycosides (Table 4] According to the
procyaniding composition, two series were detectedin the MALDI-
TOF spectra: the first seres was charactersed by procyanidin
dimers, trimers and tetramers (mostly prodelphiniding, with
various combinations of monomeric unite The 467Da peak was
attributed to catechin gallste or robvinet inddi n ga il ate, wivere as the
628 Da wis tenitatively attribated to 4 catechin digallste proton st-
ed adduct that might represent & marker for authenticity of the

Cabonilated aned experime el MALD-TOF pealks for prcyanidins dewoed in e 53 sample.

Caboolansd (M, Oa) Dcmsraed (M, Da} Amsbation
Lindar podirine modt

542 544 Finsind®in Jimer
572 5 Canechin-galloca wnchin with boas of wansr
5T 531 AJE- type precygnidin
sa1 582 Cangchin-galloas wechin Jimer
&0l =] B-rype pcyanidin, (+Ra*)
33 B34 Cralflzeza i g B anechin JimeT [P
TE TG Canechin gallare-+ camechin Jime{, with b in —0H
823 818 Cralficsca nechiin + Cambchin -+ Ml dl s gm s, Dim s
24T 47 Cralilcara nchin + Catcbin -+ fla v ol T g s nlmer (=N
mi 4 ol chhiin + T chiin= 1l d i
nm nu i o i = AL .

walith Inorease in carechin i [ <258 Da)
LEEE) HE [Pt o
mar oz [Hi 2 e
155 B0 Hiepia mer
1300 e ey (= M arachin®)

"D, g loramechin as a pocsible wemin| ooz
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extract Despite the presence of the 574D peak - attributed to 2
procyamiding B-like structure - the oligomers sefes was mainly
charscterisad by gallste compounds: 73508 (catechin gallate-
fisetinidin, dimer), 889Da (catechin gallste-fisetinidin gallae,
dimer); 903 Da (catechin gallste-caiechin gallate, dimer): T75Da
(3 catechin gallstes uvnits-fisetinidin gallate, tetramer) The
1978 D amdd 2419 Da were asigned to the same series and wen
compsad of catechin gallate unit linked to higher oligomers
Remarkably, the mas region of jon peaks of the second series
(951~ 1112-1274- 1436~ 1602-1765- 10 7-2088-2247-2406],  with
occasional los in protonated sdducts, was olserved with a
peak-to-peak mass difference of 162Da, condstent with the
repeating wnit of 3 hexote Sructure, pesibly glucose (Fig 3).
This finding suggested the presence of ghyoosylated chains either
derived from degradation products of the folisr tssue of relaed o
rearrangement of glucose relexe during estraction, since

Tabile 4
Cabonlared and experime nm | MALDETOF peais for

e in the CTF s mpile.
Calonlared (M, D} Obcerwad (M, D) Arwilbeoson
1 ine o padirive moda
308 30 Kasmplerad [}
IB IE Iy in
315 =1 Qe ceiin (30"}
s i Kasmy 2 gy { smragalin}
454 454 Qesrcein-3-ghycoahis
(Eueyercesin)
50 50 My iy 3- gty | 4a )
&0 i Qrosrcein- 3-roneckde (non)
&I7 &7 Wil 3-rovinecide (<)
247 247 s cein- 3 rotnaiis (Mt}
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Mavonoids in green tea are predominantly present a5 glyomides
raither than mon-glyeosylated frms | Warg and Helliwe 1], 2001 L As
an sltemative hypothesis the use of 2 sugarbased chain a5 2
stabilising agent was formulated [although net labelled by

suppliers).

324, Limoudin oak ellogiranmin (LOE)

The Limodidin aak heartwood extract was rich in distinetve
compounds, such &5 valoneic ascid, polygalloyiglecose structures,
aldehyde derivatives and ellsgitanning. The occurrence of &
hydmolysable tannin i unambiguowsly confirmed by the presence
of fragmentation patterns related to the polygalloygluose
Strintiies: the 127D0a peak is melated to clesvage medhanisms
involving the glucse ring the 152D peak is attributed to galloyl
maieties (coupled to the 166D pesk, due to the presence of gallic
acid molecules) Moreover ellagic acid (305D ) and hesahydros-
yiphenic acid (HHDP, 343 Da) monomers were detected in the
extract, which are typically found in ellagitannin-based extracts
Several patterns were attributed to the fragmentation of poly-
galloyl compounds and sugar chaing, which are likely to derive
Trom oak wood following extraction; the basic unit for this seres
was 3 glucose dimer (gheoose + glucose fragment, 21908, sodium
adduct: 248Da) Table 5 provides a list of the fragmentation
patterns produced by the Limousin oak tannin, including poly-
galloyl glismaes: the gallic acid multi protons ted reddees inkedas
egers, through carssylic scid moiety, to sugar or gallic acid
molecules (Fig 4] Vescal aginjcastalagin (934 Da) were detected a5
ithe main constituents of the extract, s confirmed by the 5893, 623
and 609 Da peaks attributed to castalinfvescalin fragments (most
likel y castalin with loss in —OH moieties, and castalegin molecule
with lss in an ellagic acid function and a water molecule,
respectively) The oocurmence of these compoun & in the (. mobur
eXiract i consistent with the litersture (Nomier et al, 2005) The
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sodium adduct of roburin Afroburin D dimers (1873 Da peak) can
e considered a marker for the Querars wood extract.

1.3 Hemenml profiling

Besides fur macroelements( Mg, T *Ca and TMn), twelve
trace isotopes (TLL T Al 2Cr, "%, ®Co, T, OCw, **Fn, sy, Ay
TR and TPh) were investigated a5 possible contaminants
derived from the botanical source or processing. Overall, the
comeentr ations of macroelements ranged from 0.08 to 05 ppm for
Mg and from 02 to @4 ppm for Ca The microelements ramnged
between 0U00-001ppm for M, up to 0.99ppm for Zn, and
sround 0000 ppm for Co (Table 61 lron and copper wene
generally present in samples at very low levels (GTP sample:
0.06 . *“Fe and 0.04 ppm 0w, respectively ) wikich is switalie
for beverage application Cu, Fe and Mn are important catalysts of
oxidation of organic substrates (Danilewice, 2007 ) and they form
stable complexes with polyphenols, afecting the aroma, txste and
color of many beverages, including wine | Wate fhouse and Laurie,
2006 ) and beer { Bambrth, 2001 L

As, Ni, Cu, and Ba, with respective security limits of 0U0, 007,
2,060, anl 70 ppan. recommended by WHO | 2004), were i below
the legal limits for all samples assayed AlthowghCr, Li Al and Sr are
not included in the WHO guidelines, their concentrations Ly
within the ppb level in the four samples In particul ar shminem,
which is likely to induce clowding and decre asing wine stability at
increasing pH valwes | Mrak et al, 1937), was below the limit of
qiuanititation (in the order of ppt) for a1l samples investigated The
content of Cr, which is crucial in foods due to its teicity, ranged
betwesn 832-10.7 ppb, which i& far below the ppm levels
previouwsly published for tanmnin extracts (Zmozindd et al_, 2005
Mehra et Al 2003)

Thee Ph levels excesded the lmit set wp by WHD for drinking
witers [ Table 6); the occurrence of the same Pb level in all samples
supgested that 2 possible sswree of contaminationoocurred during
processing rather than from the botanical sounces themselves
Besides the WHO recommendations, several Community regi-
lations have focused on exposire of humans to |esd through food,
and the SCF sugpested a PTWI [ provisional tolerabile weekly intake)
ol 25 pgfkg bw (Reports of the Scientific Commit tee for Food, T2nd

Tablde 5
I LD TONF i et i e [Pl o ellagivaninine aned paity S i o d in e LOE s pibe:
Caboolansd (M, Oa) kit (M, Daj ATribaion
i Rty mvie Wl
354 =3 Galllic 2k i = Sogar Sragment
390 I oyl ety + Sogar = sogar Sragment
o34 4 i 2 i e = Sogar Sragment
453 43 Bl ackd hewakde
453 454 WVialowaebe kel Silacyoes | =Ha¥)
507 506 506 Digallog] g oae [+Ma' ) Valonse ackd
557 566 Gallic acid mrimer sugar fragment [+ M) hocs in rwe - 0H
E34 ET-E34 oy HHIDND o e
IES waEs Esamer| ] 1 2 gallic ackds and 4 byl polysccharsde »glomas woine
143 a3 Castalagin oF pasntagalleylfinneas:

Einied 0 3 by Amory hphe Tads a2 [+ M)
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series, 19 June 1992) in more recent times, the Scientific
Commitiee has strested the harand relsted o metal contaminant
intake with a directive that encourage the minimisation of lead
levels in dood (Reports on tasks for scientific co-operation, txsk
3201 Assessment of dietary expoture (o arsenic, cadmiem, lead
and mercwry of the populstion of the EU Memiser 5 tates, Directive
93/5/CEE, M)

It has o be noticed that the maximem concentration of Ph
allowed in wine is 03 mg/L sceording to the Internationsl
Organization of Vine and Wine (01V); accordingly, the lead level
in the extracts lies far below the salkery threshold defined for
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enalogical applications (hanma-Petropilos et al, 2013 Regard-
less ol the amilbiguity in the defini tion of 3 common risk thre shold
for the Pb content, the hypothesis of accasional contaminat ions
occurring slong the supply chain would require a detailed
investigation in & representative number of samples to be
confirmed, and the implementation of purification processes

i, Conehusions

In this work, the composition of commercially availabie food-
grade tanming was explored to achieve two objectives: (i) identifly
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markers for the authentication of commencial products scoonding
o the declared botanical origin, and (i) monitor the presence o
peovtenitial by bosdc oont aminants. Objective (i) was schieved throwgh
the combined use of MALDI-TOF M5 and UV-vis spectrophoto-
metric methods which showed varable degree of purity and
variabile peroent age of tannins; in particul ar, the highest content in
pohyphenols was resched by the SKP extract (933%), fallowed by
LOE=GTP=SER. The quantitative analysis of  polyphensls
scoounted for the antiradical activity of the extracts which
reflects the nutritional properties of additives According to the
chemical composition of the polyphendlic fraction the main
discriminant fingerprints between the plant extracts evah ted 25
st ventication tools were found: the composition in lavwomnodd amnd
their degree of galloylation for SEP, SKP and GTP samples, and the
specific glycosylation patterns and castslagin/vescalsgin deriva-
tives gocwrring in the LOE sample The GTP sample showed 2 high
varety of molecular fragments srtributable to flaonol, which
have ahigh antioidant power and may legitimire the uwse of this
extract x5 & food supplement. Recognition patterns were de tected
for the GTP sample (628 Da proton sted fragment) and for the LOE
extract (sodium asddwct of roburin dimer st 1873Da); the two
miadecular finge rprints were aiggesed a5 suthenticity markers for
the tea leaves and Quencis woord extracts. In objective (i), the 10P-
M5 elementsl profile confirmed the levels of potentislly boic
contaminants; Pb levels were found to exceed the level suggested
by the WHO regulations for drinking water, despite higher
comoents ations are sllowed in other food applica tions. The present
work has highlighted the meed for comect production practices
slong the supply chain, to minimize the occwmence of exbernal
contamination soures. To our knowledge, the elemental compa-
sition of 2 Limousin oak food-grade tannin was reported for the
firat time

The present work constitute a preliminary study, and will be
implemented incressing the number and varety of samples 1o
Ieuxiled & el tabase of commerdal produwcts currenthy available in the
market, thus contribwting to their proper exploltation in the food
imdiustry.
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7 Final conclusions

In the Emilia-Romagna region, evidence of ‘climate change’ was detected during the recent past decades
(1961-2015). In general, viticulturists faced a significant increase of daily mean temperatures during the
growing seasons in the magnitude up to 1.5°C (depending on the DOP areas) in the last 30 years (1986—
2015) comparing to the period 1961-1990. Furthermore, climate conditions in the ER were also drier
during the last 30 years in certain DOP zones. Due to high sensitivity of vines to climate conditions, these
changes affected grape production and grape quality at a certain level in the ER. In particular, sugar
concentration in Sangiovese grapes from the Romagna area has increased up to 1.38 °Brix from 2001
until 2012. Higher berry sugar content in Sangiovese grapes occurred most likely also due to
climatological factors (81% probability according to multiple linear regression), such are longer drought
periods (DSI) and higher thermal accumulation (HI) during growing seasons. Normally, apart berry sugar
concentration other grape quality parameters, such as organic acids concentration, aromatic compounds
concentration, phenolic compounds concentration etc., may be also influenced by warmer and drier
conditions in certain cases as well. Grape yield could also be affected by the climate change even if not
concluded for the Sangiovese grapes from Romagna area (21% probability according to multiple linear
regression). Further increase of temperatures and drier conditions comparing to nowadays conditions are
expected according to 9 Regional Climate Models simulated based on two potential trajectories of air
greenhouses gases concentration until the end of the 21% century (RCP 4.5 and RCP 8.5 scenarios). The
magnitude of warming and droughts would depend on the socio-economic development of human society,
with logical outcome that scenario with higher pollution and higher emission of greenhouse gases into
atmosphere (RCP 8.5 scenario) will cause higher variations in climatological patterns comparing to
scenario with reduced pollution and emission of greenhouse gases into atmosphere (RCP 4.5 scenario). In
any case scenario (RCP 4.5 and RCP 8.5 scenarios), according to models simulations until 2040 the
majority of DOP zones in the ER should be still suitable for production of high-quality grapes, at least for
the later ripening varieties (e.g. currently produced Sangiovese) while production of high-quality white
grape varieties would be guestionable (e.g. currently produced Chardonnay). On the other hand, toward
the end of the 21* century mean growing season temperature could rise even above 22°C in certain areas
of the ER. This could be particularly possible under RCP 8.5 scenario where most of the ER DOP zones
could be characterized as ‘too hot’ (mean growing season temperature above 22°C) suggesting that
production of high-quality grapes would be highly questionable. Therefore, to enable production of high-
guality grapes and wines (at least until 2040) certain techniques need to be applied to moderate the impact
of upcoming warming and drier conditions. Logically, mitigation techniques may ‘correct’ grape and
wine quality up to a certain limit point. In particular, a combined method of ‘early green harvest’ and
non-Saccharomyces may be used to reduce excessive alcohol in wine (~1.20% v/v alcohol removed in
Chardonnay wines during vintage 2016) and to increase wine total acidity (~2.5 g/L total acidity
increased Chardonnay wines during vintage 2016). However, certain mitigation technologies (a combined
method of ‘early green harvest’ and non-Saccharomyces) may also cause a negative ‘side effects’ (too
bitter and too acidic wines), thus development of reliable mitigation techniques which are causing minor
(or not at all) negative ‘side effects’ should be the direction of wine industry development. A future
research should particularly direct towards the development of a combined method with two or more
techniques involved since at real industry level, the proper solution is a combination of different
techniques most of the time.
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Appendix J — Utilization of sage by-products as raw material for
antioxidants recovery -Ultrasound versus microwave-assisted extraction
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Im this work, sage (Sobio gfficralis L) by-products from filter tea Factory, ie. sage herhal duost, was
valorized as raw material for extraction of phenclic antiowidamt=. Ultrasound-assisted [LME) amd
microwave-assisted extraction (MAE) of polyphenols from sage herhal dust wene separately optimized
Iry simmultaneous maximization of total phenols (TP) and total flavonoids (TF) yields. Box-Behnken exper-

| deign and response surface methodology [ESM) was ussd for extraction optimi ation. In cse of
Kywonts: UIAE, temperature [40, 60 and B0 =C), extraction time (40, 50 and B0 min) and ultrasanic power (24,42 and
BOW/L) were independent wariables, while optimized MAE parameters were sthanol concentration (40,
60 and B0, extraction time [ 10, 20 and 30 min) amd iquii to solid ratio (20, 30 and 40mlg] Antioxi-

Folyphanals dant activity of sage extracts was determined by DPPH®, FRAF and superaxide anion radical neutralization
Antioxidant activity aszays,and good comelation between pofyphenols content and antioxidant adivity was observed. Accord-
imgto resalts, it could be concluded that novel extraction technigues (UAE and MAE) provided significant

adwantages for recovery of sage polyphenols comparing to traditional methods.
© 2017 Elsevier BV. All rights reserved.
1. Introduction extraction or subcritical water extraction, varies from 0.7 to 5.2%

Sage (Salvin officnols L) is a valuable medicinal plant from
Lamiaceae family, which has been recognized for many medicinal
plants with designated radical scavenger activity (Eabovic et al,
2010) Traditionally, it has been widely used as herbal tea, spice
and food flavouring agent, while industrially it found application
a5 fragrance agent in cosmetics, perfumery and phammaceutical
industry. Up to date, sage has been wtilized in production of var-
ious pharmaceutical formulations, due to wide range of biological
activities, namely: antimicrobial (Bozin et al, 2007), ative
[Hayouni et al, 2008 ), immunomodulatory (Capek and Hhilhalowva,
2004), anticxidant (Babowic et al, 2010} and anticancer (Sertel
et al, 2011 ) properties. Different functional preparations have been
prepared from sage such as essential oil, and both lipophilic and
hydrophilic extracts. Content of volatile fraction in sage, isolated
by. either, solvent extraction, hydrodistillation, supercritical fluid

* Coresponding author.
E-mafl aekdresses: bpa o ac s, bnmrpavic@gmal.oom (B Paviie)

it [ dodolLorg 1010 G indorop 0T T O 1028
DO26-EEDIME 2017 Bsavier ELW. All righis reserved.
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{Clisic et al, 2010), while a-thujone, B-thujone and camphor are
its most abundant terpenoid compounds (Aleksovski and Sovovd,
3007, Moreover, sage represents a good source of polyphenols,
particularly phenolic acids derivatives (rosmarinic, carnosic, caf-
feic, ferulic, cinnamic and ic acid) {Hossain et al, 2000;
Dragovic-Ukzelac et al. 2012) and certain Aavonoids (Roby et al,
2013), which has been recognized as bioactive compounds with
high antioxidant activity.

Nowadays. people are returning to the use of traditional herbal
preparations, rather than synthetic drugs, for treatment of vari-
ous medicinal conditions. Therefore, herbal tea is rapidly becoming
mare and more popular beverage worldwide. During the pro-
duction of filter tea, plant material is subjected to varsous unit
operations. such as drying, cutting, grinding, fractionatson, etc,
described in details by vidovit et al (2013 ). During hammer mill
grinding, certain amount of fine powder (approx. 20%) is being pro-
duced, which has been recognized as herbal dust and has been
considered as by-product. This fraction could not be used for fil-
ter tea packing since its particle size (<0.315mm) is lower that
filter pore size, therefore, this fraction is uswally being discarded
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from the factory as by-product (Ramit et al., 201 5], Although, pro-
cessing of plant material during the production of filter tea causes
loss of binactive compounds: (essential oil, polyphenols, ascorbic
acid, etc) (Vidowit et al., 2013), this material still possesses cer-
tain amount of health benefit compounds and could be potentially
utilized a5 raw material for extraction. Volatile compounds from
essential oils rather easily evaporate from the herbal dust, however,
significant amount of low-volatile compounds such as polyphenols
is being retained in plant matrix. Moreover, solid-liquid extrac-
tion from herbal dust ocours rather quickly due to particularly
low mass-transfer imitations, since particle size of plant material
is rather small. Ultrasound and microwave-assisted extraction of
polyphenols from tea factory by-products, ie. herbal dust, has been
recently performed from various plant materials such as horse-
tail {Mihotinovit et al, 20014), yarrow [Milutinovit et al, 2015) and
chokeberry (Ramif et al., 2015 The most commonly used filter
tea in Balkan countries is being produced from aromatic medicinal
plants {chamomile, mint, lemon balm, sage, etc.), or fruit (apple,
rose hip, etc), and amount of herbal dust generated from these
plants is particularly high. Therefore, there is an initiative to val-
orize utilization of herbal dust as raw material for extraction of
various bipactive compounds.

Classical extraction techniques commonly wsed for chemical
standardization of botanicals and herbal preparations have been
overcome by emerging green extraction technologies such as
ultrasound-assisted (LAE . microwave-assisted [ MAE) and pulsed-
electric fields assisted extraction, as well as, high pressure
techniques such as accelerated-solvent (ASE), subcritical water
(SWE) and supercritical fluid extraction (SFE) (Heng et al, 2013).
Al these techniques have the same goals: 1) increase of yield of
target compounds, 2) reduction of time, solvent and energy con-
sumption, 3) minimization of environmental impact using green
solvents. UAE and MAE have been particularly useful for extrac-
tion of from various plant materials (Chan et al, 2011
Roselli-Soto et al. 2015). Recently, MAE has been utilized for the
recovery of polyphenols from sage (Pumik et al, 2016). According
to Tiwari (2015), the most important parameters influencing LIAE
are ultrasonic power and frequency, btemperature, extraction time,
matrix and solvent properties. Whilst. solvent polarity (dielectric
constant), extraction time, irradiation power, temperature and con-
tact surface area have been recognized as the main MAE parameters
affecting the polyphenols extractson ( Routray and Orsat, 200121

In this work, the most important UAE and MAE parameters
affecting the polyphenols extraction from sage herbal dust have
been dentified and these extraction techniques have been opti-
mized separately. Response surface methodology (RSM) was used
for optimization of UAE and MAE of polyphenaols extraction from
sage herbal dust, which was valorized for utilization as raw mate-
rial for extraction of polyphenols. Influence of UAE {temperature,
extraction time and ultrasonic power) and MAE {ethano] concen-
tration, extraction time and solid to liquid ratio) parameters on sage

extraction was evaluated by RSM influence analysis.
Moreover, antioxidant activity of obtained extracts was evaluated
by DPPH*, FRAP and superoxide anion radical newtralization assays.

2. Materials and methods
2.1. Fant materal

Sage (Smhvia officinolls L) originated from Montenegro was
kindly donated by domestic flter tea factory, Fructus (Batka
Palanka, Serbia). Dry plant material was subjected to processing in
the filter tea factory and production of herbal dust (by-product ) has
been described elsewhere (Ramit et al, 2015). Herbal dust fraction
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with ©0.315mm mean partide size was discarded as by-product,
was used as raw material for present study.

2.2 chemicals

Following reagents were purchased from Sigma-abdrich
Chem, steinheim, Germany: Folin-Csocalteu reagent. (4 }-cate chin,
gallic acid. 22-diphenyl-1-picrylhydrazyl (DPPH)L 3,5-di-tert-
butyl-4-hydroxytoluene (BHT), phenazine methosulfate (FMS)L
23, 5-triphenyltetrazolium chloride (TPTZ. Tetrazolium Red) and
p-nicotinamide adenine dinucleotide 2'-phosphate reduced tetra-
sodium salt hydrate (NADH) Nitroblee tetrazolium (MET) was
purchased from Alfa Aesar (Karlsrube, Germany), while ferric
chloride-6-hydrate and ascorbic acid were purchased from Cen-
trohem (Stara Pazova, Serbia) All other reagenis used in this study
were of analytical reagent grade.

23 Conventional solid-liquid extraction (CE}

Conventional solid-liguid extraction was performed in order
to determine experimental domain for the ethanol concentration
used in optimization study and to compare yield of polyphenols
obtained by conventional and novel extraction techniques. In each
experimental mn, 5.0g of sample was extracted with different sol-
went (100mL) Extractions were performed at room temperature
for 24h with 150rpm shaking speed. Water and following mix-
tures of water and ethanol were used: 20%, 40% 60%, 50% and 06%
ethanol. After extraction, obtained extracts were filirated through
flter paper. Extracts were collected into glass vials and stored at
4 “C prior analysis.

24 Nowvel extraction techrigues

Z4.1. Ulrasound-assisted extraction (LAE)

In all UAE experimental muns, 5.0¢ of sample was mixed with
100mL of 60% ethanol in 250 mL glass flasks. Ulirasound-assisted
extraction was performed in sonication water bath ( ELIPS.404, Ewin-
strumenis, France) with frequency fixed at 40 kHz. Temperature
(40, 60 and B0 “C), extraction time (40, 60 and 80 min} and ulira-
somic power (24, 42 and 60 W/L) were independent variables which
were set by the control panel of the instrument. In order to prevent
evaporation of the extraction solvent, condenser was added on the
Aask during extraction. Flasks were always positioned in the posi-
tion of the ultrasonic bath in order to provide constant wirasonic
power. After extraction, extracts were filtered through filter paper,
collected into glass vials, sealed and stored at 4°C prior analysis.

242 Mioowave-assisted extraction (MAE )

Mono-mode microwave-assisted extraction (MAE) was per-
formed in experimental setup described in details by Zekovit et al
(20161 In all MAE experimental runs, certain mass of sage herbal
dust (depending on applied liquid to solid ratio) was mixed with
100mL of extraction solvent (40, 60 and 80% ethanol) in 250mL
round glass flasks. selection of experimental domain for the ethanol
comcentration was based on results of CE, and optimal ethamol con-
centration obtained in CE was chosen as the middle level of this
wariable for MAE. Extractions were performed at fixed microwave
frequency and irradiation power (600 W, always positioned at the
same distance from the magnetron. Ethanol concentration (40, 50
and B0, extraction time (10, 20 and 30min) and liquid to sold
ratio {20, 30 and 40mijg) were independent variables. After the
extraction, crude extracts were filtered through flter paper under
wacuum, collected into glass vials, sealed and stored at 4-C prior
analysis.
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25 Totol phenok content (TF)

Toital phenols content{TF) in all Eiquid extracts, obtained by both
conventional and novel [LAE and MAE) extraction techniques was
determined using Folin-Ciocalteu procedure {Singleton and Rossi,
1965 Gallic acid was wsed as standard polyphenol compound
for standard diagram, and absorbances were measured at 750 nm
(6300 Spectrophotometer, Jenway, UK)L Content of total polyphe-
nols was expressed as grams of gallic acid equivalents (GAE) per
100g of sample dry weight (DWW L All experiments were performed
in triplicate, and results were expressed as mean values.

26 Totm flavonoids contert (TF)

Total flavonoids content was determined wsing aluminum chio-
ride colorimetric assay (Harbome, 1984). Standard diagram was
obtained using catechin as Alavonoid compound and absorbances
were measured at 510nm. Resulis were expressed as grams of
catechin equivalents (CE) per 100g DW. All experiments were per-
formed in triplicate, and results were expressed as mean values.

27 Antioxidmt activity of soge extrocts

27.1. Reduction of DPPH rodical

The ability of the plant extracts to scavenge the DPPH radical
wias tested using a previously described, customized method for
g&-well microplates {Saler-Rivas et al, 2000; Beara et al. 2009).
Briefly, ten microliters of examined extract solutions, in seties of
different concentrations, were added to 100 pL of 90 wmol /L DPFH
solution in methanol, and the mixture was diluted with 190 0L of
methanol. In the control, the exact amount of extract was substi-
tuted with solvent, and in the blank probe, only methanol (200 wL)
and extract (10pL) were mixed. The absorbance was measured
after 1 h at 515 nm. Well known synthetic antioxidants, PG {propy
gallate) and BHT (batylated hydroxytoluene) were used as a pos-
itive control. All samples and the control were done in tmiplicate
and results were expressed as mean + standard deviation. Results
of the antioxidant potential were expressed as the concentration of
plant extract which decreased the initial DPFH* concentration by
S0% (g g miL).

272 FRAF assay

To evaluate the reducing power of extracts, the ferric ion reduc-
ing antioxidant power (FRAF) assay (Bemzie and Sirain, 1996),
mdified for 95-well microplates (Lesjak et al, 2011), was con-
ducted Extracts were prepared in series of different concentrations,
whereas the ascorbic ackd ranging from 125 to 140 pgimL was
used to create a standard curve. FRAP reagent was prepared by
mixing 10 mmal/L 24 6-tripyridil-s-triazine (TPTZ) in 40mmeoliL
HCl, 002 molfL Fecly, and acetate buffer, pH 3.6, in ratio of 1:1:10,
respectively. Following the addition of the extract or ascorbic acid
[10peL) to 200 i of FRAP reagent { substituted with distilled water
in the bank probe), the absorbance was measured at 593 nm after
Gmin. All samples were made in triplicate and mean values of
reducing power were expressed as milligrams of ascorbic acid
equivalents (AAE) per gram of DW, calculated according to the
standard calibration curve.

273 Superoxide anion scovenger capacity

The potential of the extracts to neutralize superoxide anion rad-
ical formed by reduction of NMET with NADH mediated by PMS,
under aerobic conditions, was conducted according to the method
of Mishikimi et al. (1972), adapted for 96-well microplates. The
mixture of 50 pl NET (144 pmolL], 10 L extract (concentrations
ranging from U625 to 5.00 mg mL for UAE extracts and from Q.15
o 10.0mgfimL for MAE extracts), 20/l NADH (0.68 mmol/L) and
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20 L of freshly prepared PMS (60 pmoliL) was diluted with 220 pL
of phosphate buffer pH 8.3. In the control, the extract was sub-
stituted with the solvent, while the blank probe was prepared by
mixing 310 pL of buffer and 10wl of extract. The absorbance was
measured at 560nm after 5 min. All samples and the control were
dome in triplicate and the result was presented as the 1Cs value
(pgimL)

2.8 Design of expertments

Thee R5M was applied to evaluate the effects of extraction param-
eters and optimize extraction conditions TP and TF as investigated
nses. Box-Behnken experimental design with three numeric
factors at three levels was used for both WAE and MAE. Design con-
sisted of seventeen randomized runs with five replicates at the
ceniral point. Investigated UAE variables used in present exper-
imental design were temperature (40, 60 and 80+C), extraction
time (40, 50 and B0 min) and ultrasonic power (24, 42 and G0WILL
Whilst investigated independent MAE parameters were ethanol
concentration (40, 60 and BIE], extraction time | 10, 20 and 30 min)
and kiquid to solid ratio (20, 30 and 40mL/g). Each of the coded
variables was forced to range from —1 to 1, in order to normalize
parameters so the units of the parameters are irrelevant (Bag and
Boyac, 2007 ). The natural and coded values of independent UAE
and MAE variables used in BED are presented in Tables 1 and 2,
respectively. The response variables were fitted to the commanly
used second-order polynomial model (Eq. (1))(Ferreira et al., 2007;
Leardi, 2009);

Y-ﬁu+iﬁm +iﬂ;ﬁt§+z iﬂﬁxx, in

b=l

where: ¥ represents the response variable, X; and ¥; are the inde-
pendent variables affecting the response. and Bo, B, Pe, and 3 are
the regression coefficients for mean, linear, quadratic and cross-
product terms. Optimal extraction conditions were determined
considering total phenols and total favonpids content, while selec-
tion of optimal conditions were based on desirability function, 0
{Derringer, 1980). Design-Expert v7 Trial (Stat-Ease, Minneapolis,
Minnesota, USA) was used for multiple linear regression analy-
sis. The results were statistically tested by analysis of variance
(ANOVA). while model adequacy was evaluated by the coefficient
of determination (B2), coefficient of variance (CV) and p-values for
the model and lack of fit. In order to verify obtained empirical mod-
elks, validation was performed by extracts preparation at optimized
UAE and MAE conditions. Confidence interval (95%) of predicted
values was compared with experimentally observed TP and TF in
optimized extracts.

29, HALC malysts of phenolic adds

HPLL system (Dionex DX500, Milana, taly) equipped with tem-
perature control oven (30<C), photodiode armay detector (DAD],
Chromeleon chromatography manager software v. 6.60 5P2 and
an Agquapore O05-300 RP-C1E column (250 = 4.6 mm; 7 um par-
ticle size; Applied Biosystems, San Jose, CA, WSA) was used for
identification and quantification of phenolic acids according to
Ivanova-Petropulos et al. (2015), The standards and samples were
fltered using 020 pm cellulose acetate membrane (GVS Filter
Technology, Indianapolis, USA) before manual injection into the
HFLL system. Mobile phases were water) formic acid ( 98/ 2, viv, sol-
vent A) and acetonitrilewaterf formic acid (B0J 18/ 2, viviv, solvent
EB) at flow rate of 0.5 mLU/'min. The proportions of solvent B were;
O-50min, 9%; 6570 min, 10%; 77 min, 30%; B0-97 min, 0%, Caffeic,
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Table 1

Bon-Behnken experimental design with natural and coded parameters of sitrasound-2ssished extraction and experimentally chseneed and predicted values of ikl phenoks

omienit (TF) and total Aavonoids content [TF)

Ror Independent variables Responses
Temperature |=C] Extraction me [min| Uitrasonic power [WIL] TR [ GAEJ 1005 0W] TF | O 100 g 0%]
oded natural onded natural onded natural Experimental Predicted Experimental Fredicted
1 o 60 o B0 [ a2 2,061 9347 ESI0 B375
2 o 60 -1 a0 1 60 713 ET2D ESE0 EA5E
3 1 80 -1 a0 [ '] EL ] 1064 EETT E5T
4 o ED o ] [ ] 04 0347 E345 BT
5 o B0 1 a0 1 =] o308 0347 ETE8 ET64
[ -1 A0 1 a0 o a2 7230 7003 5454 5367
7 1 a0 o B0 1 =] 2105 4041 ETI0 ETES
= -1 a0 -1 a0 [ a2 EET GITE 5112 ERES
2 o 60 o 60 o a2 9385 9347 EA4%3 B3Ts
1] -1 a0 o ] 1 =] EELE BT 5341 5371
n o D o B0 [ 4 EOE 0347 B33 E3TS
12 o ] -1 an -1 24 LGN EES51 B3 E306
13 1 80 o B0 -1 24 9319 231 EETS ETIE
14 o ] 1 80 -1 24 040 4033 E54 =3
15 -1 a0 o B0 -1 24 E220 6740 5007 s.001
16 1 a0 1 80 [ a2 2633 746 7.050 7058
v o ED o 1] [ '] 2003 2347 E300 3T
2 randomized.
Tahle 2

Bon-Behnken experimental design with natural and coded parameters of micmwave- Zoskded extraction and experimentally niserved and predicied values of inkl phenoks

nient (TP} and iotal Aavonoids content (TF).

o Independent variables Responses
Ethamol moncentration[E]  Extraction me [min| Liquidisolidratin|mijg] TP g GAE/1008 OW] TF | CF 100 g D%
onded natural onded naturzl onded natural Experimental Predicted Experimental Predicted

1 o BD o o o 3o QO aTs0 BT T2
3 a BD o o o 30 D.4480 arsn 7312 T2F
3 -1 40 1 EL o 30 Qunas axan T356 T4
4 a ED o o o 30 LBSS aFs0 73w T25F
5 L1} BD o 0 o o 10253 ars T3 T2
L] -1 40 -1 m o o | -0r E034 T35 TII
T o BD 1 an -1 20 75T 000z 73012 T
E] 1 an -1 m o o T 207 Ly 5059
9 1 an o o 1 40 Ny B155 BESE BBES
L1 1 an o o -1 20 7747 Ta3 EIED E2ED
m a ED -1 o -1 20 2252 BS54 EI1ET [T
12 L1} BD 1 an 1 40 407 0805 T AT
13 -1 40 o 0 1 40 10135 0034 783 TEIS
14 -1 40 o 0 -1 20 QBET aT3e B.EET EEED
15 o BD -1 m 1 40 o519 aI74 736 TS
16 a ED o o o 30 o541 aFs0 T4 T25F
w 1 an 1 EL o 30 | r 7880 EE30 ETT0
4 randormized.

ferulic and rosmarinic acids were gquantified at 256 nm, whereas
p-coumnaric acid was quantified at 308 nm.

3. Results and disoussion
3.1. Model adequacy

Results of the experimentally obtained values of the total
phenols (TP) and total Aavonoids (TF) content obtained by
ultrasound-assisted [UAE) and microwave-assisted [MAE) extrac-
tion, presented in Tables 1 and 2, respectively, have been fitted o
quadratic polynomial model (Eq. (1)), Analysis of variamce (ANOVA)
was employed in order to check adequacy of the applied models and
p-values of regression coefficients for each investigated response
are summarized in Table 3. Coefficient of multiple determination
() was used a5 first indicator of moded fimess. Acoording to par-
ticularly high &2 for TP and TF obtained by UAE (0,058 and 0084,
respectively), it has been suggested that applied second-order
polynomial model represents good approximation of experimen-
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tal results. Similar situation was with TP and TF obtained by M

where observed B were 0.910 and 0.932, respectively. Coefficient
of variance (CW) was observed as another descriptive statistics
parameter. In case of WAE, observed OV of applied models for TP
and TF were 395 and 198X, while in case of MAE, these values
were slightly higher (450 and 2 90, respectively). According to
reasonably bow CV (< 10%) for all responses, good reproducibility of
the investigated systems was suggested, since OV describes disper-
sion of thedata and small walues indicates low variation in the mean
walue_ Since, descriptive statistics often does not often provide suf-
ficient data of the model adequacy, ANOVA, ie. decision making
statistics, should be applied Therefore, mode] adequacy was deter-
mined by Fisher's test (F-test) for the model and lack of fit (Table 31
Good adequacy of the models indicated by descriptive statistics
was confirmmed by highly significant p-valwes (<0,01) for all applied
meadels (Table 3). Proper model fitness has been also confirmed by
insignificant lack of fit (p= 0.05) for all models. This means that
dispersion of experimental results was model-independent mea-
sure of the pure error (Myers et al, 2009). Therefore, acconding to
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Table3

Analysis of the variance [ANOVA) of the fitted second-onder polynomial models.
Ulirasound-assisted extraction Micrveave- aesisted extraction
Total phennls mntent
Sowrce p-walne S p-value
Midel 05 Midel n006E
X1-T empermture <0000 X1-Ethamnl ronceniration 00005
Xy-Extroction Hme LOTE0— Xy-Extroction Hime [ilichE
Xy -Lirasosic pawer L4402 X3-Ligukifsolid ratio n4mzs
XyX; mEm3 XX OLET4D
Xy 03046 Xy, Loaas
X3y n73ET XX 4TIz
0t 0 x0T noms
X? ne2sT X7 w100a
it [ prli] Xq? 5804
Laci of At 02463 Lack of Ak 0I5
Total Ravonoids comtent
Model <0000 Model oS
Xy -Temperature <0000 Xy-Ethamol ronceniration 0noos
Xy-Extroction Hme oooaT X-Extroction Hme noIz4e”
Xy-LiErasoic power L1406 X 3-Ligukgsnlid ratin nnms
Ky kEFT1 Xy¥3 il ]
Xn s misa3 X3 02337
X3Xy L9554 X1Xy DO012E"
0t 0z 0t nn3s”
X osT x® L0966~
X7 LEIET X7 4044
Laci of it L4561 Lack of At L1647
) [p<mo}
= significant {01« p< 005k

~ moderately significant (L0 p< 0@

ANOVA and descriptive statistics, applied quadratic model (Eg. (1)) R

represented good approximation of experimental results for both
UAE and MAE. Method of least square (MLS) was used fior caloula-
tion of regression coefficients in Eq. (1), which provided descriptive
muodel equations (Eqgs. (2 -5 ) for TP and TF, obtained by UAE and
MAE, respectively:

= Ulirasound-assisted extraction:
TF = 0.25 4 1.24X; + 0.25%; — 1.06x3 (2)
TF — 6.38 4+ 10.E1X; 4+ 0.16Xz — 0.44XF 3 01332 (3)
= Microwave-assisted extraction:
TF = 8.75 — 0.88X; + 0.37%; — 0.90¢ (4)
TF =7.25 — 0443 + 0.2 + 033 — 03430 — 0.26K7 + 0.1m] {5}

wisere: X, X2 and X3 are temperature, extraction time and ultra-
somic poweT incase of LAE. and ethanol concentration, extraction
time and solid to liquid ratio in case of MAE. Predictive model equa-
tions (Egs. (2 - 5]) represented reduced Eq. (1), since coefficients
of variables with insignificant influence could be neglected.

32 Totol phenok content (TF)

Results of TF in extracts obtained by conventional solid-lsquid
extraction (CE) are presented in Fig. 1. TP varied between 1.761
and 5.872 g GAE/100g DW, depending on the proportion of water
and ethanol in extraction solvent. The highest TP was obtained
using G0 ethanol as extraction solvent, suggesting that this sol-
wvent wiould be suitable for UAE. On the other hand, TP observed in
sage extracts obtained under different UAE conditions (tempera-
ture, extraction time and ultrasonic power) was between 6220 and
9003 g GAE/100g DW. It has been known that Sabvio officinalis L
represents a good source of heowrever, particularly high
TF obtained by both UAE and MAE showed that sage herbal dust
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Fig. 1. Yiedd of palyphenols compounds [TF and TF) obsenved in sxtracts obained
Iy conventional solid-Siqmid exirartion.

could be potentially utilized as raw material for polyphenols extrac-
tion. In case of UAE, the lowest TP was observed at temperature of
A0+, extraction time of 60 min and ultrasonic power of 24WJL,
while the highest TP was obtained at central point {run 17; middle
level of LIAE parameters) at temperature of 80 <C, extraction time of
G0min and ultrasonic power of 24'W/L All UAE extracts obtained
at 40°C had significantly lower TP (6.220-7 230 g GAE/100g DW),
comparing to extracts obtained at 60 and 80C (»8.5 g GAE/ 100 g
Dw({Table 1). This indscated that temperature could be designated
as the most influential UAE parameter. Roby et al (2013) deter-
mined TF in sage extracts obtained by maceration using methanal,
ethanol, diethyl ether and hexane as extraction solvents, and the
highest T was obtained using ethanol and methanol as solvents
(580 and 5.95mg GAE/g dry extract (DE)L Farhat et al (2013)
reported that geographical bocation significantly influences TP in
methanaolic 5. officinalis extracts (approx. 10-16 g GAE/ 100g DW],
however, the same authors investigated only sage from different
site in Tunisia, while sample wsed in this work, originated from
Montenegro. Therefore, when comparing polyphenolic content of
one plant species, one must have in mind that different cultivars,
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geographical origin and cultivation could have significant effect
on TP, besides applied extraction solvent and technigue. Hossain
et al.(2010) applied pressurized-liguid extraction using methamnol-
water mixtures(32-BEX) as extraction solvent in order o maximize
TP from sage and reported that 650% methanol and increased tem-
perature ( 120 “C) significantly increase TF (6167 GAE/ 100 g DWWV ).

In case of MAE. TP varied between7 747 and 10.283 g GAE 100 ¢
Dw, depending on applied extraction conditions (ethanol concen-
tration, extraction time and solid to liquid ratio). &t could be seen
that both UAE and MAE provided significant increase of TP yield,
comparing to CE. The highest TP obtained by MAE was observed
in sample 5, which was obtained at central point (60% ethanol,
20min of extraction time and 30 miL/g of lsquid to solid ratio). Com-
paring maximal TP obtained by UAE and MAE, it could be seen
that MAE provides slightly higher TP, howewer, the main differ-
ence in applied conditions could be higher liguid to solid ratio
used in MAE (30-40 mLig). comparing to UAE (20mL/g). Higher
liquid to solid ratio increases concentration gradient between solid
and kiquid phase, therefiore, it is rather expected that TP would
similarly increase, if higher liquid to solid ratio was applied in
UAE. Dragovic-Uzelac et al. (2012) performed MAE of sage on sim-
ilar extraction conditions and the highest TP (4.70g rosmarinic
arid equivalents (RAE)100g DW) was observed after 9min of
exiraction, using S00W of irradiation power and 30% ethanol as
extraction solvent. On the other hand, Dent et al (2013) inwes-
tigated influence of ethanol concentration, extraction time and
temiperature, and reported that extraction with 30% ethanol at 60+C
for 30 min provided the highest TP (6.278 g RAE 100 g DW ). Chem-
ical profile of sage polyphenols have been investigated in detail
and it has been reported that phenolic acid derivatives {rosmarinic,
camasic, caffeic, ferulic, cinnamic and chlorogenic acid) and certain
flavonoids (luteolin and apigenin) were the most abundant com-
pounds {Hossain et al., 2010; Dragovic-Uzelac et al, 2012; Dent
etal, 3013; Roby et al, 200131

Durling et al. (2007) reported that ethanol-water mixtures
(55-75% ethanol) i the most suitable solvents for simultaneous
extraction of the most important phytochemicals from sage (ros-
marinic acid, camosic acid and essential oil), therefore, G0% ethanol
was used as extraction solvent in all UAE runs in present work.
Effects of WAE and MAE parameters on TP has been presented
on Fig. 2, while their significance was determined by R5M influ-
ence analysis expressed as p-value (Table 3], In case of LIAE, linear
and quadratic terms of temperature exhibited highly significant
influence {p- 0101}, while linear term of extraction time exhibited
muoderately significant influence on TP (Table 3). Positive influence
of liner term of temperature was the most noticeable effect. which
is rather expected, since temperature directly affects mass transfer
increasing diffusion, causing degradation of the plant matrix and
improving physical solvent properties in terms of penetration and
solubility power (Ramit et al., 2015). This was in accordance with
prewiously reported works investigated UAE of polyphenols from
different plant samples. butin similar experimental domain { Ramit
etal, 2015; TomSik etal, 2016). According to Eq.( 2 ), quadratic term
of temperature exhibited significant negative influence, meaning
that TP will increase with increase of temperature and after certain
|point {70-75 “C). it will start to decrease with further temperature
increase, probably due to degradation of polyphencls at increased
temiperature and extraction time. Moderately significant influence
of extractions time cawses slight, but constant increase of T with
increase of this variable in investigated experimental domain. This
was in accordance with study of UAE kinetics of total extractive
substances from sage, since rapid extraction of solutes ooours in
the first ten minutes of extraction and further increase of extrac-
tion time (up to 80min) causes slight increase in extraction yield
(velitkovic et al., ZD0G),
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In case of MAE, linear and quadratic terms of ethanol concen-
tration exhibited highly significant influence on TP. while linear
influence of extraction time was significant {Table 3). Linear termof
ethanol conceniration exhibited negative influence on TF. accord-
ing to Eg (4] However, influence of quadratic term of ethanol
concentration was also negative, meaning that TF will start to
decrease ethanol concentration is too bow (40%), suggesting that
optimal ethanol concentration for TP extraction will be higher than
A0, but still near that value. Again, positive influence of linear
extraction time was observed, as it was the case with UAE, however,
it has been reported that TP would start to decrease if
MAE was applied (Dragovic-Uzelac et al., 2012; Dent et al,, 200131
Results obtained in this work were in accordance with previous
claim since MAE sample obtained using 60% ethanol and 40mL/g
liguid to solid ratio at 10min of extraction time (Run 15) was
slightly higher than TF in sample obtained using same ethamol con-
centration and liquid to solid ratio for 30 min of extraction time
{Run 12} (Table 2). Dent et al. (2013) reported that 30% ethanol
provides significantly higher TP in sage extracts obtained by MAE,
comparing to 50% ethanol, which was in accordance with results
from present work (Table 2).

33 Total flovonoids comtent (TF)

Experimentally obtained values of TF observed in sage extracts
obtained by UAE and MAE are presented in Tables 1 and 2, respec-
tively, while results of TF obtained by CE were presented in Fig. 1.
Application of water as extraction solvent in CE provided the lowest
TF{1.112g CE/ 100 g Dw), while 60% ethanol provided the highest
TF (4,452 g CE/100g DW), as it was the case with TF. TF in sage
extracts obtained by UAE was between 5.027 and 7.090g CE/100g
DW. The same UAE conditions that provided the lowest TP (tem-
perature of 40-C. extraction time of G0 min and ultrasonic power
of 24W/L: run 15) also provided the lowest TF yield, suggesting
good correlation between influence of UAE parameters and TP and
TF, respectively. Again, relatively low TF (<5464 g CENO00g DwW)
was observed when UAE were performed at 404C, as it was the
case with TP, meaning that temperature would be crucial DAE
parameter affecting TF (Table 11 On the other hand, the high-
est TF was obtained at temperature of B0“C, extraction time of
EDmin and ultrasonic power of 42 WL (Table 1). Gird et al. (2014)
reparted that TF in sage extracts obtained by heating in reflux
with 70% ethanol were between 1.1323 and 2.0994 g rutin equiv-
alents (RE)100g DWW, and flavonoids content significantly varies
with time of harvest. According to Velifkovit et al. (2006), TF in
sage extracts obtained by UAE using methanol and 70% ethanol as
extraction solvent were 5806 and 63.2 mg rutin equivalents (RE)Ng
dry extract. According to results obtained in present work, UAE sig-
nificantly increases TF yield which was in accordance with previous
reports{Ramit et al., 2015; TomEik et al, 201 &), however, velitkovit
et al (2006) found no significant difference in TF observed in sage
extracts obtained by classical extraction and UAE.

TF observed in MAE extracts was bebween 5857 g CEMNOOg
Dwi, obtained with 80% ethanol, 10min of extraction time and
30miLg of liquid to solid ratio, and 7.803 g CE/100 g DWW obtained
with 40% ethanol, 20 min of extraction time and 40mLg of lig-
wid to solid ratio (Tabde 2). Again, nowel extraction techniques
{UAE and MAE) provided significant advantages in terms of yield
of polyphenols compounds, comparing to CE Dragovic-Lizelac
et al. (2012) reported that MAE significantly increases TF yield
{1.61 g/ 100 g DW) comparing to classical extraction (0.54g/100g
DWW L TF obtained in present work [ Table 2) was significantly higher
comparing to TF determined in sage extracts obtained by MAE in
previously reported works{Dragovic-Uzelac et al, 2012; Dentet al,
2013), due to difference in applied assays. Colorimetric assay with
aluminum chloride applied in this work was rather nonselective,
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comparing to TF obtained as sum of individual flavonoids deter-
mined by HPLC (Dragovic-Uzelac et al,, 2012; Dent et al,, 2013)
According to ANOVA results from Table 3, it could be seen that
linear terms of temperature and extraction time and quadratic
term of temperature exhibited highly significant influence on TF,
while influence of quadratic term of extraction time was moder-
ately significant. Both linear terms of temperature and extraction
time exhibited positive influence on TF (Fig. 3a), suggesting that
prolonged UAE at elevated temperature is mandatory for complete
flavonoids recovery, which is in accordance with previous reports
(Ramit et al, 2015; Tom5ik et al, 2016 However, the highest
applied temperature (80°C) would not be optimal for flavonoids
extraction due to significant negative effect of its quadratic term
(Table 3). Therefore, TF would increase with increase of temper-
ature and eventually start to decrease due to possible thermal
degradation, similar to TP. In case of MAE, all linear terms of inde-
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anat) total phencls content (TP).

pendent variables exhibited significant influence, which was highly
significant (p<0.01) in case of ethanol concentration and liquid
to solid ratio, and moderately significant (p< 0.05) for extraction
time. Extraction time and liquid to solid ration exhibited positive
influence on TF, while ethanol concentration influence was nega-
tive which imply that sage flavonoids were better extracted if polar
solvent mixtures, i.e. reduced ethanol concentration in extraction
solvent, were applied. Negative effect of quadratic term of ethanol
concentration on flavonoids extraction was previously reported by
Silva et al. (2007 ). This suggested that TF reaches maximum with
decrease of ethanol concentration then starts to decrease as ethanol
concentration is approaching its lower level (40%). This is in accor-
dance with results reported by Dent et al. (2013), where MAE of
sage was investigated at different ethanol concentrations (30, 50
and 70%) and higher flavonoid yields are observed when 30 and 50%
ethanol were applied as extraction solvent, suggesting that moder-
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ately polar solvent provides good recovery of sage flavonoids which
were dominantly in the form of flavone (luteolin and apigenin)
glycosides.

34. Antioxtdant activity

An imbalance between the production of free radicals and
antioxidants present in the organism can lead to a state known
as oxidative stress (Wen et al, 2013). Oxidative stress is charac-
terized by an increased production of free radicals, which include
reactive oxygen species (ROS), reactive nitrogen species (NOS),
carbon-centered and sulfur-centered radicals (Wu et al, 2013).
ROS, such as superoxide anion (0z"-), hydroxyl (*OH), peroxyl
radical (ROO+) and hydrogen peroxide (H;0,), can induce oxida-
tive degradation of proteins, unsaturated fatty acids, carbohydrates
and nucleic acids leading to many pathophysiological conditions
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such as atherosclerosis, cardiovascular disease, arthritis, asthma,
Parkinson's and Alzheimer's disease, autoimmune disorders and
cancer (Sindhi et al, 2013). Antioxidants are molecules that can
slow down or completely inhibit the harmful effects of free radicals.
Due to numerous side effects of synthetic antioxidants, PG and BHT
(Pop et al, 2013), there is an increasing interest for antioxidants
from natural sources. Owing to their structure, plant's secondary
biomolecules, phenols and flavonoids, exhibit strong antioxidant
activity. These compounds are capable of neutralizing free radicals
by transferring electrons or hydrogen atoms onto them, chelat-
ing and reducing transition metals, inhibiting oxidizing erzymes
and, also, regenerating essential vitamins (Sharma, 2014), Having
in mind the role of oxidative stress in the development of severe
chronic diseases, it was worthwhile to investigate the antioxidant
activity of sage extracts and dependency of this activity on phenolic
and flavonoid content. Since different mechanisms of antioxidant
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Antioxidant activities of sage herbal dust exiracts obizined by LAE and BMAE
Run Ultrasound-assisied extraction Mioowave-aesisted extraction

DFFH'] gimL| FRAF [mg AAE] g DW] " Jpgimi] DPPH[jpgimL] FRAF [mg AAE)g DW] Oy [pgmi]
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FG* 24.09+0300 17100+ 1000
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* propyl gallate.
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Table 5

Correlation matrix with Pearson’s oorelation co=Micents () for TF, TF, DPFH®, FRAP and Oy .
r Ll TF DFFH" FEAF TP L DFPH" FEAP 0"
T 1 1
TF omy 1 075 1
DFFH: —nElT —nso 1 —nTr —08 1
FRAF OTEs {10 -0bm 1 1= osE o774 1
Oa= -oore —-0.343 oo 45 —04TE: —a3n oESE —nsay 1
4 Pearson's coarelation coefMickent.
" pins

activity were invalved, different methods should be used to eluci-
date the antioxsdant potential of plant extracts or pure compounds
respansible for the beneficial effect on human health (Sharma,
2014 ) Therefore, extracts, as well as the standard antioxidant BHT,
wiere examined for their reducing power and scavenging capacity
towards superoxide anion and DPPH radical.

Radical scavenging capacity of sage herbal dust extracts towards
DPPH radicals, expressed as ICsp value, was between 9.02 and
21.44 pgiml for sage extracts obtained by UAE and from 1040 to
17.24 pg/mi for extracts obtained by MAE. The highest antioxi-
dant actiwity of UAE extracts (902 pg/mL) was obtained at 80-C,
40min of extraction time and 42 WL of ulirasonic power, while
extract obtained with 40% ethanol, 30min of extraction time and
with 30mL/g of liquid to solid ratio provided the highest antiox-
idant activity {1040 pg'mL) among exiracts obtained by MAE.
Moreowver, moderate comrelation between 1Cgp and TP and TF,
respectively (p«0.05) [Table 5, suggesting that polyphenols were
the maost important compounds responsible for antsoxidant activ-
ity. Moreover, all sage extracts obtained by both UAE and MAE
exhibited higher activity than commonly wsed synthetic antioxi-
dants, propyl gallate (2499 pg'mL) and butylated hydrooytoluene
(5077 pgfmlL) Jeshvaghani et al. (2015) reported Iz value of 5
officinalis extract obtained by classical extraction with methanol
was 233.0 pg'mL, which was rather high ICxp value for sage. This
indicated that application of modern extraction techniques, in this
case UAE and MAE, could significantly improve antioxidant capac-
ity of sage extracts, howewer, Velifkovit et al (2006) found no
significant difference between antioxidant activity of sage extracts
obtained by classical extraction and UAE. On the other hand, Farhat
et al. (2003 reported that antioxidant activity of methanolic sage
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extracts varies from 3.37 to 10.08 g/ mL, depending of geographi-
cal locatson of plant collection.

Although, there was no significant difference bebween TP, TF
and radical scavenging capacity of towards DPPH radicals between
sage extracts obtained by UAE and MAE (Tables 1. 2 and 4], fer-
ric reducing antioxidant poweer (FRAF ) of sage extracts obtained by
LIAE (124.1-221.0mg AAE g DW) was approximately twice higher
comparing to FRAF in extracts obtained by MAE (68.19-92.57 mg
AAE[z DW). Possible explanation for this phenomenon could be
oxidation of certain antioxidant compounds during severe MAE
conditions which were rougher comparing to WAE conditions. The
highest FRAF of sage extracts obtained by UAE (221.0mg AAEE
DwW) and MAE (92 57 mg AAE/g W) were observed at central point
(Run 1) of both applied techniques. Relatively high values of TP
and TF were abso observed at central points for both UAE and MAE,
suggesting good correlation between content of polyphenol com-

and FRAF. According to Pearson's cormelation coefficients
(r) from Table 5, good correlation between FRAP and TP and TF,
respectively, was confirmed {p - 0.05) and it was better in case of
UAE. According toliterature data, FRAF of sage extracts obtained by
classical extraction were 167 M Trolox/ 100 g DWW (Wojdybo et al,
2007) and 178.65-197.33 mM Fe(lly mg (Farhat et al,, 2013), while
FRAP of sage exiracts obtained by pressurized liquid extraction
using aquecus methanol as extraction solvent was between 5.84
and 2034 g Trolox/100g DW (Hossain et al, 20100

superoxide radical-scavenging activities of sage herbal dust
extracts obtained by WAE and MAE, expressed as ICq value, were
presented in Table 4. In case of UAE, extract with the highest
Oy*~ scavenging activity, ie. the lowest 1Csy (3403 pgmL), was
obtained at temiperature of 40-C. extraction time of 40min and
ultrasomic power of 24WIL, which were relatively mild UAE con-
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Table &
Estimated optimal LAE and MAE parameters for simultansous maximization of iotal phenois and total favonoids content.
[Extraction technigee: Orptimized conditions Fredicted responses” ‘Diserved responses”
Ultrasound-asisted extraction : 75.4°C TP=S.E76 + L5854 § GAE/100g W TP=0.251 + 15 § GAF 100 0W
Extraction time: 50 min TF= 7052 0209 CE/100 5 DW TF= 6007 £ 11341 5 CE/100g DW
U lbrasomic power: £2.54 W)L
MCTowa e - sk extraction Ethanol conceniration: 4527 TP= 10105 + U525 g GAE 100 W TP= 103704 01935 GAE/1 00 § DWW
Extraction time: 18.7min TFa7.802-£0.338 CE/ 100 5 W TF=7.544 £+ LI9E 5 CE/00g CW
LS ratio: 40mijg
2 precticted value £ 05% confldence interval.
b mean value £siandard deviation [ m= 41
ditions, comparing to optimal parameters for TP and TF extraction.  Tabke7
This indicated weak correlation between 0%~ scavenging activity Ve ofmain mlmﬂwu Extracts ohtained by CF (G sthanal], and
and polyphenols content which was confirmed with low Pear-
son's cormelation coefficients from Table 5. On the other hand, the Compomnd Extraction technique
highest Oz*- scavenging activity of sage extracts was obtained = UAE MAE
on following MAE parameters: 60% ethanol, 20 min and 30 mlg
liguid to solid ratio. Even though, polyphenoks yield at these Yietd |mgr100 ()
conditions was rather good, week correlation between Kzp and Lafteic acd 3350 nag 1EDF
polyphenals content (TP and TF) was observed (p> 005} (Table 5).  F-Tiarmameacd S BT i
Evidently. some other compounds may contribute to O,*— scaveng- Rasmarinic ackd s4na 167391 172481

ing activity. Fhenolic diterpenoids, mostly derivatives of carmosoic
acid, were reported as the most significant antioxidanis in sage
(Babovic et al. 2010) Propyl gallate exhibited higher O0y=- scawv-
enging activity (17.00 pgiml) than sage extracts obtained in this
work (>34.03 pg/mL). Lu and Foo (2001) reported that caffeic and
rosmarinic acid were the most important compounds from sage
responsible for 0= scavenging activity, which was approx 15-20
times higher than Trolox activity.

15, Process optimization

Optimization of UAE and MAE processes in order to maximize
polyphenols yield was the primary objective of this work. In order
to simultanecusly maximize investigated responses (TF and TF),
desirability function was applied ([ Derringer, 1980). The optimal
UAE parameters for maximized polyphenols yield and predicted
values of responses were presented in Table 6 1t could be observed
that UAE conditions which would provide the highest TP and TF
were temperature of 75.4 “C, extraction time of B0 min and ultra-
sonic power of 42.54W/L On the other hand, optimized MAE
parameters were application of 46 2% aqueous ethanol as extrac-
tion solvent, extraction time of 18.7 min and liguid to solid ratio
of 40mljg. Optimized UAE and MAE conditions were in accor-
dance with analysis independent variables parameters determined
by RSM and ANOVA (Table 30 It could be seen that MAE provides
skightly higher yields of polyphenols, which could be explained
that higher liquid to solid ratio applied in certain MAE. MAE abso
provided certain advantages in terms of time consumption, how-
ever, UAE should be more suitable for polyphenols extraction in
terms of instrumentation, operational costs and potential scale up
of the extraction process. In order to validate predictive mathe-
matical models, validation was performed by separate extraction
at optimal conditions for AE and MAE. According to results from
Tabde G, it could be seen that experimentally obtained values were
in accordance with predicted results, i_e. both TP and TF for UAE and
MAE were within 25% confidence interval for predicted results. This
suggested that UAE and MAE optimizations were adequately per-
formed and that obtained model equations could be used for point
prediction within investigated experimental domain.

HPLC amalysis of sage extracts obtained by CE using 60% ethanol
as exiraction solvent and by UAE and MAE at optimal conditions
was performed in order to determine content of main pheno-
lic acids, particularly rosmarinic acid. According to results from
Tabde 7, it could be seen that both UAE and MAE provided signifi-
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cantly higher {approximately twice higher) yield of rosmarinic acid,
suggesting again that novel extraction technaques would provide
significant advantages in terms of polyphenols extraction, com-
paring to raditionally applied techniques. Significant increase in
yield was observed only in case of rosmarinic acid, while in case of
caffesc. p-coumaric and ferulic aced. changes in yield were rather
insignificant.

4. Conclusions

According to satisfactory statistical parameters (B2 and CV) and
analysis of variance (ANOVA) for the model and lack-of-ft testing,
it could be concluded that second-order polynomial model pro-
vided adequate mathematical description of the WAE and MAE of
sage polyphenols. Therefore, RSM could be successfully applied for
simultaneous optimization for maximized TP and TF yields. Tem-
perature (for UAE) and ethanol concentration { for MAE) have been
designated as the most influential extraction parameters affect-
ing palyphenols yield, while all other parameters influence was
maderate. Therefore, optimized UAE conditions for maximized
extraction of TP and TF were temperature of 75.4 “C, extraction time
of B0 min and ultrasomic power of 4254 WJ'L, while optimized MAE
parameters for achieving the same goal were ethanol concentra-
tion of 462%, extraction time of 18.7 min and liquid to solid ratio
of 40mLfg In vitro antioxidant activity of extracts was determined
through ferric reducing antioxidant power and scavenging capac-
ity towards superoxide anion and DPPH radical Results indicated
that obtained sage extracts possessed high antioxidant activity,
which was particularly increased towards scavenging capacity of
DFPH radicals and reducing power towards ferric ions, while 05—
scavenging activity of extracts was rather moderate. According to
results in this work, it could be conchsded that sage
herbal dust could be considered as interesting raw material for
polyphenols extraction. Therefore, it could be used for production
extracts rich in antioxidants, instead of being discarded from flter

tea factory as by-product.
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1. Introduction subgroups phenolic adds {nosmaminic, ferulic and caffedc acid) (Farhat

et al |, 201 3), favonaids (fotealin, apigenin and naringenin der vatives)
(Parhat =t al, 2001% Dent =t .al :'S'IJ'?I} amd ph:nd:c ﬂm'p-mﬂ

{camosic acid, camosol, epi l and iso

Medicdnal plants from Lomiorene family (rosemary, thyme, sspe,
peppemnt, e ) have been widely used in traditional medicine due to

their specific health benefit actions. Sxge (Sahda officdnalic 1) has besn
recognived for its di fferent pharmamlogical effecs, such 25 antimiono-
bisl (Bomn =t al, 2007), ant-inflammatory, fmmomemodolatory
(Capek and Hihalovd, 20040, antioxidant (Ivanovic et al, 20049) and
amticancer {Kamaton =t 2l , 308} effects, while it has been also nsedin
fior the trestment of nervors oonditons (Bariceavic and Bartal, 20000
Beside its medicinal applications, it has gained commercial nenest 2
flavouring agent in food industry {Gali Muhtsib =t al, 2000) and
fragrance in perfumes. Varions classes of secondary plant metabolites
hawe been isolated from sage. Among them, erpenoids and polyphenols
hawe evhibited centain biosctive potential Main trpennids in sxge
emential oil are a- and ftimjone, camphor and 1 8-cineale (Al slsovs D
and Sovovd, 2007), whille palyphenalic fraction consisted of three main
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{Babovic et 2l , 2010). Sege has been widely nsed in the fom of filier
e Therefore, a large q ity of by-product is being g d within
filter tea factory. Plant processing and generation of sxge by prodoa,
i herhal dust, in filter tea factory has been described in detdls by
Pavlié et 2l (2016). Moreover, it has been proposed that sage herhal
dust oowld be used 2= rew material for evtraction of polyphenolic
bioactive compounds by novel extraction techniques {ul tresound-
2 isted extraction, mioowave- assisied eviradion and subhortcal waier
extraction] (Fav B etal, 201 6) This way, relatively cheap ew maierial
oould be wed for recovery of valuable health benefit compounds in the
form of liguid extracts. However, liqnid sxtracts ame commonly mane
sensitive o effacts of emdronmental facinrs and biosctives conld easily
degrade due to water, light and oxypen effects. Therefore, it &
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naemary to tramsfmm ligud evtcts in thar solid (powder) form,
which i nsmlly more stable (Mumin and Edwards Lévy, 3011]), esier
to handle, sbndandize, transpont and sione (Oliveira et 2l , 2006) This
is in aconrdanes with nmversal five necovery siages of high-added valoe
compaents from food wastes and by-produods (Galanalds, 2012}, sinoe
dry evtract muld be directly inmrporated in other food and pharma-
ceutiml product, without further proce=ming. Finally, it must be forther
imvestigated, is it more sonomimlly fesdble o apply comentional or
emerging processing technologies, which are able to answer to 2
sped fic challenges and oppantunities (Galanakis, 2003
PFurthermore, nstant sonbillty and consnmers’ aceptance anes
advamizges of dry extracts, which are commaonly producesd from Hguid
feed wing spray diying tedinology. The main ressmns for wide
application of spray drying for production of dry extracts from either
fruit juices and medicinal plant exiracts (Bordevic etal |, 2004 Caliskan
and Dirim, X116} are- 1) short contact with drying medinm and high
evaparation rate, 2) ey handling and low operating cost, 3) wide
range of carmier maderialk, 4) good reproduocibility and 5) high prodoc-
tion rate at industrial level Althongh, rdatively high temperatnnes ans
used in spray drying (= 100°C), good recovery of thermos sensithe
compomds is provided doe io fast svaporation and shont contset of
extract and heated air at clevated Empoamne. Fast evaporation is
provided by the generation of small droplets which will =ignifimnthy
incresse specific surface anea, which & in contect with 2 hot flow of
drying air {Cortés: Hojas etal , 201 51 Thenefore, spra y drying techm qoe
has bem soesfully appled for drying of medicnal plant {$zhin
Nadeem =t al, 2013), fmit (Deza =t 2l, 20146}, food indostry by
products (de Sowra et 2l, 2015) evtracks Obtined high-quality
powders could be forther incorporated in food products, 25 well 25 in
solid dosage forms (blets and @psoles), which are the most com-
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microhbial actvity inwards sdected microhbial sirains.
2, Materials and methods
2.1. Flant maievial

Sage (Sabia officinalic L) onginated from Montensgro was kindly
donaied by local filer tea factory, Frocws DOO (Bafla Palanka,
Serbia). Detadls of plant material procsssing within the filter tea Bctary
weore described elsewhene (Hamic et al, 2015\ Sxge herbal dust,
obtainsd 2 by-prodod, was used 2 rew material in this neseanch
Sample had mean particle sire les than 0315 mm.

22 Chemicak

Following remgents wers punchased from SigmaAldrch Chem
{Steinheim, Germamy): FolinCiomlien reagent, { = Joatechin, gallic
acid, 2 2-diphemd-1-picryhydrazyd (DFFH), ABTS (2 2-amino-bis-(3-
ety Then mothi aon binef-sulfonic acid) dismmoniom salt), TFET {2, 46-
tris (2pyridil)-s triazne], inon (I0}-chloride and Iron {0)-sul &thepta-
hydraie and potasciom permifae Troloe (S-hydrmoe2 87 8-tetra.
methyl chroman -2 carboxylic add) wes purchased from Sigma-Aldrich
(Milamo, kaly) Sodivm acetate and hydrochlonic add wers obtained
from Menck (Dammstadt, Gemmany)l. Pormic ackd wes obtained from
WWH Internationa] {(Milan, Italy). Makodertrin (¥ 9.7) was punchased
from Bremniag (Miilheim, Germany). All other resgents mad in this
siudy wene of analytia] rexgent grade

2.3 Bxhradhion

monly wed forms of pharmacentical prodocs and distary supplements
{Levenberger and Lane, A5}

Differert polymer materialk from proteins, polyssccherides and
gums could be used 2 @mer material in spray drying process
Among them, maltodevirin hes been usmlly applisd doe to its wide
range of axets sch 25 low cost, high solnbility, low hyg roscopicity, low
viscosity and good bulkng and film-forming propertes (Goula and
Ademaoponle, M05; Sshin Nadesem ot al., 2011; Caliskan and Dirim,
201 5), while poor emulsifying properties has been underlined 2= its
main dissdventege Maltodewtring with different degree of dexvtoose
equivalents are obixined by acid hydrolysis of corn starch. The main
ampects of application of curiers duwing spray drying is inoese of
ligmid feed glass tramsition Emperamne in onder to awaid col lapee and
its adherence to the dryer’s chamber (Marques =t 2l 20040

Sahin-MNadesm et 2l (2013) investigated influence of inlet air
temperature and @rrier concentration on the spray drying proces of
Sahda fruticosg Miller. Accarding to them, addition of different carrier
materials and their concentrations provided powders with omgoe
physico-chemical properties, ie instant soluhle powder which had
improved solubdlity, coloor, totl phenols ontent and antioddant
activity. Porthermaone, spray drying technigne wes snoossfn Ty applisd
for production of high-quality powders from Achillea s Befolizm herbal
dust obixined from filter tea Betary (Viadi€ =t al | 201 8) Therefare it
was zumed that spray drying of sage herbal dost Hquid extracs
obtzined by novel extradion techniques wouold alko remlt with dry
extracts with sperific chemiral properties and binlogicl activibes

The main aim of this work wes application of spray drying
techniqne for prodnction of dry extracks from sxge by prodoct Bqmd
extracts obtzined by comrentional {maceration and hydnodist Ration)
amd mowvel {olirasoond assisted extrachion, microwave: aisted exirace
tion and suberitiel weter extraction) extradion techmiques
Funthermone, drying was performed with and without addition of
carrier {maltodeviTing, in order 0 compane il mpact on dry powder
properties. Chemical characterirzation of dry exiracs wes examined by
determination of palyphenn]l content, while their hinsctive potential
was determined for antiocident (DPPH, FRAP and ABTS) and anti-
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2311, Maceration. Conventional  solidlquid  extraction, ie
mareration, was perfomed unsing previonsly optimimsd sthanal
concantration for polyphenal extraction (Zekovic =t al, 20160} Plant
material (Ag) and 60% ethanol {4 L) were mived in gles flask
Extraction wes performed at room emperainre for 5§ days. Plesk was
thoroughly shaken twice a day. After extraction, obtzined extracts wene
immediately filtraeed throngh filter paper nnder varmm. Briract was
onllecied into glass flask and siored at 4 °C untl forther experiments.

2313 Hydrodicillaion. Hydrodist]lation was performed in order to
separate essential oil from low-volstie compomnds wiich wene netained
in postdistillation weste The official procednre from Phlug [V wes
applied for hydrodistillation. After that, postdistillation Hguid (wasie)
was immediately fil rmted throogh filer paper mder vemum, oollacted
imto glass flask and siored &t 4 °C ontll forther experiments.

232 Novd sctadtion dmipes

2321 Ubessemdacdoted extocion  (UAE. Ultrasound-secisted
extraction wes performed in sonication weter hbath (EUPS40A,
Enimstroments, Prance) with fived freqnency at 40kHzr. Exirachon
was performed at previosly optimived conditions temperature of
75°C, eviaction time of 80 min and somication power of 43 W/
{Lekovic et al, 201 6b). Therefore, 53 of sage herbal dust was mixed
with 100mL of 604 ethanal in 250ml glex flsds Condenser was
addesd on glass flask in order to prevent any possibl = svaporation of the
extraction solvent. Flasks wene always positioned in the same distanoe
from the tramdnoer. Exirastinn af same conditions was contimons y
repeied in order to collect enough liquid feed for spray drying (2 L)
Afher eviraction, extracs wereimmed istely filtened through fil ier paper
under vacumm, callected into glass flacks 2nd stored 2t 4 °C untd forther
experiments.

2323 Micowave-awdoed exiroction (MAE). Mono-mode micnowane-
smisted srtaction (MAE) was paformed in experimental ssmp
described ekewhere (Zehovid =t 2l, X162 BExbosction wes
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periormed &t previmely optimizsd MAE conditions  ethamal
concentration of 46%, extraction time of 147 min and lguidAaokid
matio of 1-3X) (m/v) (Lebovic o al, A160) Sample was mined with
extraction sohvent in glees fleck and placesd in MAE apperasins and
extractions wene performed on fixed frequency and imadiation power
{600 W) Flasks wene always pasitionsd on the same distanes from the
magneimn and no addiional agittion was applied In this case,
extraction wes also repeaied at same omnditions in order to oollect
enough liqid feed for spay dying (21 After extraction, extrads
were immediastely filbered through filter paper mnder vaomm, collected
into glass fasde and sinred at 4 °C onbl forther experments.

2323 Subcritical walr scvoction (SWEL SWE wes performed at
previomsly optimived eviraction conditions temperatore of 201 °C,
extraction time of 158min and no additon of HCl in extradion
solvent (Faviié & al, X016} Comparing with previmnshy pohlished
optimiration study, SWE in this work was performed in pilot plant
baichtype high-pressre exiractor (Farr Instmment Company, USA)
with imternal volnme 15 L and maimom operating pressune of X0 MPa
and tempermture 350°C, comecked with temperatore  controller
{4844EM, Parr Instrument Company, USA)L Por evtraction, 1 kg of
plant material and 10L of water were mized and extaction was
periommed at dsoheric conditions (3 MFa) and nitrogen wes nsed to
pressurize extracior. Stirring (1000 rpm) wes employed in arder to
increzee maess and heat transker, and prevent local overheat on the inner
walls of exiractor. After the extraction, extractor wes maled in iced
bath o room tempersture and oude extract wes filtered through filier
paper mnder vaomnm, collected into glaes flads and stored at 4 °C ot

further experiments.

24 Spray drying

Liquid ewtracts ohizined by comentional and nowvel exiradion
techniques were driad wsng spray drying process in piot Anhydno
spray dryer plant (AF¥ Anbydro AS, Denmark ). Process temperatumes
for spray drying wene inlst emperamre of 1220125 C, ontlet tem-
perature 7545 C Liquid feed wes transferred in drying chamber using
lzbhorainry peristaltic pump (FH100 Series, Thermo Scientific, USA)
with 1.36 L/h flow rate Por each experimental run, 2L of lquid feed
was dried. Rotry disk with spesd range from 20,000 to 21,000 rpm
wais Eal for atomization of hquid fesd Afier drying of droplets, dry
extract was separated from heating mediom in cyclone and millscted in
plastic vessel All Hguid exivacts were spray dried with (20%) and
without addition of carmier. Malindewtrin (DE19.7) was nsed 2 carier
material 2nd its solubon wes added to liquid feed, and both wene mixed
cant shy with a magnetic shrrer at temperatore of approe. 40 °C
prior drying. Obimined dry extracts wene colleciesd in glas bottles,
sealed and lept protecisd from air and homidity.

2.5 Chemicol gnalysis

2.5 1. Todnl phemols comimt (TF)

Total phenoks content (TF) wes determined in both liquid exiras
and dry powder=s. Liquid eviracts were dinsc]y nsed for analysis, whils
dry powders wene recomstitnted in their nespective extraction sohent
prior analysiz TP wes determined unsing Paolin-Ciomlten proosdume
{Singleon and Hossi, 1965) Gallic acid was veed as sendard com-
pound for preparation of calibration owrve, and aleorhence of the
samples was messured 2t 750 nm (6300 Spectrophotometer, Jenway,
UK} Content of phenolic compounds in liquid extracs was expressed 25
mg aof gallic acid equivalents (GAE) per ml, while content in dry
extracts was expremed as mg GAE per g of dry extract All experiments
were performed in triplicte, and remits are expressed as mean
values = standard deviation (SDL
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252 Toml flavonoids coment (TF)

Similarly o TP, total flavonoids content {TF) was also determined in
lignid and dry extracsnsing alimimm chloride colorimetric ey
{Harhome, 1984} Catechin wes used for prepamation of standamd
dizgram and absorbance was messured at 510mm. Results for bguid
extracts were expressed 2= my of catechin squvalents (CE) per ml,
while TF in dry extracts were expresed as mg CE per g of dry exiract
All experiments were performed in triplicate, and neolts were ex-
pressed 2x mean valoes

24 Biologeal acthity

24 1. In vitro amtoxidoat acthvity

Xa 11, DPFPH ocay. The sample ability to scavenge 2 2. diphemyd-1-
picrylhydrary] free mdicals (DFFH) wes messred wing 2 modified
methnd originally presenied by Brand Williams o 2l {19950 Briefly,
methanalic solution of the DFPH resgent (65 pM) was freshly preparmed
and adjusted with methanol to reach absorbance of 070 { = 0.02)
DFFH resgent and properly diluted samples, reconstimisd in their
respective sohents, were mized (29 ml + 1 ml) in the 10 mm
plestic onveties and incohated at room emperamne for 60 min Pree
madical scavenging messwenents wene perfbmmed at 517nm, din
triplicates with UV =¥15 specrophotometer (Shimaden, UVmin 1240,
Milkam, Iimly}. Calibration curve was obiained by messmring free mdical
scavenging of freshly prepared Trolox aqueons solntions {0=0.8 mM,
7 = (.99} Olstained resulis were reparted 25 mg of Trolox equivalents
pex g of dry extract.

2612 Fovic reducing autiooidont power (FRAF) axsmoy. The sample
ability to redue Fe'™ was measured using slightly modified method
firsily presented by Benrie and Strain (19496 The FRAP neagent was
freshly prepared & om 300 mM scette buffer (pH = 16), 10mM 2 46-
tris(2-pyridill-s trizzine (TPZT), 40 mMHC] salution and X0 mM FeCl
aquecus salution Solotions wers mived in ratio 1cl] (wAeil
Froperly diloted ssmples, reconstitoted in their respertive sol vents,
and FRAF resgent wers mived {(1ml + 19 ml) and stored to
imcubate in the dak &t ¥°C for 10 min. Messurements wens
performed at 893 nm, in triplicates, with UV-VIS spectrophn tomeier
{Shimadm, UWmin 1240, Miln, ltaly) Calibration wes performed
using freshly prepared Pe®* aqueows sohtions (-0 23 mM, r* = 0990
Fesults were finally reporied 25 mg of Be”™ equivalenis per g of dry
exiract

2613 ABTE™ fee madimlscmenging assay. The ABTS free radical
scavenging ability of samples was measured nsing 2 modified method
originally desoribed by Be =t 2l {1999 ABTS sindk solution wes freshly
prepared from mictore (1:1, v of 245mM potession persulfaie
TS saltion and T m ABRTS {2 2. axinn-bis-{-3-
ethylbenrothiam lineé-sulfnic  acid) dismmoninm =it agqoeous
solotion and left in the dark at room temperature for 16 b A stock
solotion wes dilnesd wsing 300 mM acetate buoffer (pH = 16) to an
ahsorbamee of 070{ = 0,02 Properly dilnted ssmples, reconstitoted in
thair respedstive solvents, and ABTS reagent wers mivad (0.1 ml
+ 29ml) and siored in the dark at room Eemperamre for 300min
Meznrements were perfimmed at 734 mm, in doplicates with UY=VI5
spedrophotometer (Shimadm, UWmid 1240, Milen, kaly). Preshly
preqared Trolox aqueons solntions {(0=0.8 mM, = (.97 were nsed
to ohtain the calibration curve. Remlts wene finally repored 2= mg of
Trolox equivalents per g of dry extrac

2463 Antmicobial acivity

2421, Bagtedal and yrast strainc The bacterial strains used to
evaluate the antimicrobial adivity of different exiracts from &
officnalis were: Esdheridiia coli ATOC 25902, Poaslomonas asruygingca
ATCC 27853, Sephylomoeris mrens ATOC 25903, Barilhe cerems ATOC
11778, Listeria ivanovil ATOC 19119, Baterocoorus fasralis ATOC 19433,
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Stophylororrus mprophyiine®, Baribe cavae™, Licenia monooytognes™,
Emterococas fperalic™ (™. wild strain]). 'Wild strains were obtained from
food and tap water and identified by Vitek'? Compact System
{BioMérieux, Prancae].

The yeast strains used in this study wens Sacchoomyos coevisior
ATOC 9763 and Candida albirans ATCC 10231

2622 Antimicrobial soeming Two different methods wene applied
for the estimation of the antimicrobial adivity: disk diffesion method
and zmesment of minimal nhibitory onoentration (MIC) by the
method of serial dilntions in microtier plates.

2623 Didk diffudon mathod Bacierial strains wernes grown on Miiller-
Hinton agar (HiMedia, Mumbad, Indiz) 2t 37°C for 24h and 2t 30°C
{Bacilbs corens ATOC 11778 and Bacilbe coreas™) for 18 h. Yeast straims
were grown on Sabourand Malioee agar (HiMedia, Mumbad, India) at
25°C (Saccharommyoes cevevigar ATOC 9763) or at 37°C (Condida
albioms ATCC 10231) for 48

Cells were smpended in a sierile §.9%% Na(l solntion. Sospensions
were adjmted 0 2 ooncentration of l-m‘dw'mliﬂ:in-ni v
Densichel; BioMérizny, Prance) Afterwards, 2ml of the prepared
suspensions for inomlation were homogenized with 18 ml. of melted
{45 "C) media {the ssme 2= for spspension preparation)) and poured into
Petri dishes

Afier the solidification, four serile diss (§mm in diameer)
{HiMedia, Mumhbed, India) were placed anto the previoushy inoolated
agar plabes. Applied disks were impregnaied with 15pl of the MAC,
UAE, MAE, SWE or PHD extracts water solution (S0 mg/ml) Sterile
distil led] waster was mmed 25 negative control, whils 25 & positive contral
the following antibiotics andantimyrotics wene wed: sohbion of ACY
supplement 1 mg/ml. and (.8 mg/ml. (HiMedia, Mumbad, India) for P
aerypinosa ATOC 27853, actidion (3 mg/ml) {(Acves Orgamic, New
Jersey, LEA) for & cerevigdor ATOC 9763 and C alldeans ATOC 10231
and for all the other te=ted microorganisms CTC {(ofotaodme 30 pg and
clvulanic acid 10pg per disk) (HiMedia, Mumbad, Indiz) were msed
After the inmbation period, the dismeder of the inhibiton halo mone
was mezsured for each disk wing HAntibiotic Zone Scale™ (HiMedia,
Mumhedi, India) Esch sevperiment was performed in trplicass (n =30

26i2d. Mirndibgion method Minimal inhibitory onoemmation was
asemned for grame positive baceria wing the micodintion methad in
sterile flat-bottom 96-wd] micotiter plaes. The preparation proasdune
of sepersions for inoonlstion is previonsly described Digk diffucion
medhod. 1ml of the prepared suspension {1 = 10%cfo/ml) was
homogenired with 9 ml. of Miiller<Hinton broth (HMedia, Mombad,
Indiz}. In order o obixin final concentation m each well {n = 3)
100 pl. of moculated media wers mized with 100pl of extract
dilutions. In esch test microfiter plate there were 2 positive contral
{inooulated media without extracts) and a negative ontral (100 pl. of
medium mived with 100 pl. of extracts). All best plates were incubated
for 24h at 37 °C ar at 30 °C (Baglks strains) Aferwands, 2 100 pl.
aliquot was poured into Petri dishes and homogmnired with Faie Comt
agar (HiMedis, Muomhbei, India) Petrd dishes wers inonbated mnder
identiml oonditions as microtiter plates and the colonies wens
enumerated by viahle connt following the incobation period.

Minimal inhibitory coneniation (MEC) & mown 2 the lowesit
omomiration of antimioobial agent that, under defined in vito
conditions, prevents the apparance of visible growth of 2 microongan-
ism within a2 defined period of tme MIC & wsmlly elousted 2
100 . (e — Mo WNe (96, where N, and N arenumbers of o=k of positive
contral and trestment, respecthvely.

2.7 Seticical analycic

Al experiments wene perfomed in triplicate for statisties] proposs
and results wens pressnied 25 mean value = standand deviation (S5,
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while significant levels were defined at p < (L5 msing tbest. Stadistical
amalysis was carried oot vsing Statistics 1000 {StatSoft Inc, Toka, OF,
USAL

3. Results and discnssion
3.1, Chorasterivation of Bpdd faed

Liquid feed nsed for spray drying proces was first characierized in
terms of total solids, motal phencls (TF) and total flavonoids (TF)
omtent {Tablz 1L Morsower, total extraction. yield (Y) obtained by each
extraction techniqgne was also determined  According to data from
Table 1, it could be observed that the highest Y (35 62%) was obtained
using snberitical water extraction (SWEL This i s rather expeched nemlts,
since severe SWE conditions, pressurired solvent and incressed tem-
prrainne, dismopt the o] stmonre of the plant matriy and allow essier
diffnsion of the swtrarthle ompounds from solid to Hgoid phese
{Mustafs and Tumer, 2011)L Porthermare, ¥ obtzined by SWE in this
wk was lower that ¥ achievel at optimized SWE conditions at
laboraiory plant (FavhE =t 2], 20160 In this work, SWE wes also
periommed at optimired conditions, however, it was performed at pilot
plant which significantly prolonged heating and maoling phase of the
SWE The lowest ¥ (2582%) wes achieved by maceration. This
techniqne demanded the highest time consnmption (5 days), however,
extraction was performed at room temperatmre. All other techniques
were performed at inoessed emperatune, which @used incresse in ¥,
together with other mechanizms specific for esch applisd techniqoe
Total solids content in sage byproduct bquid extrack was betwesn
1291 and 3562 mg/ml. Evalnation of this parameter was ssential
since it can significantly affect physico-chemical properties of the dry
powders obtained by spray drying (Couto =t al, 2012) In case of
palyphennl content, the highest TP and TF were olserved in extract
obtzined by SWE, while the lowest contents wene in posidistiDation
wasie (Tzhlz 1) Om the other hand, TP yield obtxined by MAC, UAE,
MAE SWE and FHD wes 794, 283, 1057, 690 and 6.75 g GAE/100 g
dry plant material, respertivedy. The highest TF and TF yields wene
achieved by MAE, since solid-lquid ratio wes 1:10 {m/v) in case of
SWE, while applied solidJiquid matio in all other techniques was 1220
{m/v). TF and TF obtained by UAE and MAE wern= in accondance with
previous nepart{ Zekovic et al | 201 6h), while pilot plant SWE provided
lower TF and TF, comparing with resuolts obtained at shoratory lewel
{Pavli€ ot al, 2016) The TP/TF ratio & almost comsistent among the
several extraction methods (Tange 1.46-1.72), therefone the selectivity
versis these two aggregate groups (Le TF and TF) ssems affected to
litil = extent.

32 Pobyphenol comtent in dry exiracs

The main isme of manzgement of plant extracks is 2 lack of
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stamdard fration procedures in terms of bioactive compound(s) oonbent.
Sinre, polyphenalic compounds have been regandesd with high binsctive
potential, it is essential to determine their content in dry extcts which
omuld be further used in phameceutial fonmulations, distary supple-
ments and for fortification of food prodoets. The ot phenals (TP) and
total flavonnids (TF) conbents observed in spray dried sage extracts with
and without addition of carmier material ane presented in Tzahle 2 The
highest TF (290 28 mg GAE/g) wes observed in ewimot prepared by
UAE, while the lowest (9020 mg GAE/g) was in exiracts prepaned by
PHID with ad dition of mal indewtrin . To onr best Imowd sdge, therearena
previoms reparts about spray drying of £ officinalic extracs. However,
rosemary has been reganded 2= plant very similar to sxge in #=mms of
palyphenaol content 2nd antioddant activity. Acoording to Coutn et al
(2012, TF in spray dred rosemary exvimad prepared by maoeration
varied betwesn 132 and 174 mg GAE4. Snce all eviracts were drisd
under the mme spray drying conditions, TF is directly comeced to
applisd extraction technigoe nssd for preparation of liquid feed and to
addition of carrier material . Sshin Nadesm =t al. (2013) reported that
TF in spray dried Sabia futiooss was between 1328 and 297. 2 mg/s,
similarly to TP obtained in this work As expeded, TP in exiracs
prepared with addition of malindextrin (2% was lower comparing
with thedr respective sxtracts spray drisd withont @rmier. This is rather
expected since cmncentration of sage evtract is diluted with maltodex-
trin in spray dried powder. It conld be observed that maceration, UAE
and MAE provided dry ewiract with relatively high pohyphenal content
{Table 2. However, it is also important to oosider total exiradion
yield (Tzhle 1}, which was the lowest in came of maceration. Althongh
maceration can provide dry powders with high TP, global yield would
be lower comparing with exiracs obtxined by UAE and MAE This
suggests on the advantage of application of nove exirachion techniques,
rather than conventional. Relatively low TP in extracs cbizined by
SWE and FHD could be explained by the applisd extraction solvent In
these cames it was waiker which exhibited significantly Jower selectivity
towards polypheno] extraction comparing with aquems ethanaol ap-
plied in case of MAE, UAE and MAC. The total evtraction yield obtained
by SWE {35.62%) would stll provide satisfiring global yisld of paly-
phenals in dry extracts, however, their content would be dilated with
omoanitant mmpounds exiaocted duning solidJiquid e tmction

Om the other hand, the highest TP {154. 88 mg CE/g) was obssrved
in exiract prepared by macration, while the lowest (569 mg CE/g)
wais in extract prepaned by SWE with addition of maltodextrin. Again,
TP observed in MAC, UAE and MAE powders wes significantly higher
comparing with SWE and PHD (Tzble 2} TF in spray dried ¥
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extraction yield (Table 1) and high oontent of these compomnds in dry
powders (Tahle 7). Besides advantages in terms of prodoct yisld and
quality, UAE and MAE would =ignificantly reduces time comumption,
since exiradtion time for these proceses wes 80 and 18.7 min,
respectively.

In order to determine degradation percentage of paolyphenols,
reoovery wes @loolsted according o0 the following  eguation
{Shafinita and Langrish, 214}

T'P- &td mwdr

pobyphenols moovery [%] = T'Im 0

Similarly, remvery was also caloulated for flevonoids using values
of TF olserved in spray dried powder and in extract, nespecivey.
Recovery of polyphenok and flavonnids achieved by spray drying of
sage by prododt extracts chizined by oomen tional and novel exiraction
techniqnes is presented on Fig. 1. Palyphenok recovery was the highest
for UAE2X) sample (9662%) and the lowest for PHD (49.55%)
Similarly, the highest flavonoids reoovery (90.08%) was observed in
UAE-2{l, 2= it was the came with palyphennls, while recovery was the
lowest fior SWE(45.96%]). Acanding to Soiza =tzl. (2008, degradation
of polyphenolic componnds muld ocmr doring spray drying proces

extracss obtzined by maceration with aqoeons ethano] varied betwesn
A6 and 76 A mgg, which wes signifimnily lower comparing with sage
dry extract similarly prepared (15488 mg CE/g) (Couin etal., 2012
MAC, UAE and MAE samples showed high content of TF, scomparing
witth §WE and PHI, s it was the case with TP. This indicated that AR
and MAE would be the most suitahle techniques which conld be applied
far both total palyphenals and flavonaids extraction due o high total
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due io ph of mdative condersation and thenmal degradation
indneed by devated temperatnne. However, besides beneficial effiecs
on powder stzbility, camier conld also reduce degradation of trget
omnpamd(s) during spray drying proess (Krishnaizh =t al, 2004} It
oould be observed that in almest all cases, nscovery of both pal yphenaks
and flavonoids wes higher when maltodexirin wes added 2= cammier
material (Fig. 1), mggesting of malindevtrin’s shility to protest paly-
phenoks from thenmal degradation. Purthermone, malindextrin exhib-
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itesd ithe highest positive effesct on pal yphenoks nscovery ommparing with
whey protein isolaie and pea protein isolate {(Moreno et al, 20160
Recovery was in oomelation with applisd extraction sohent, decressing
with the incress e of water proportion in exitacton solvent. The highest
recovery was abserved for MAC and UAE, then for MAE and the lowest
was observed for SWE and PHD samples, whils applisd exiraction
solvenis ineach extraction techmnique was §0% sthanal {MAC and UAE]),
46% ethamal (MAE) and water (SWE and PHD). This could be explained
with the inoesse of the balling paint when water is used as salvent,
mezning that evaporation in spay driying would omur at higher
temperature which allows degradation of certain polyphenok and
flavonoids.

33 Amtioidont achivity

Pohyphenok are a group of naturally ocomring plant compommads
synthesipad 25 secondary metabolites during plant growth in nespomse
to stress and external sggressors swh 2= pathogens and oltraviolet
radistion. They may be divided inio two major clesses, phenalic adds
amd flavonoids. Phenobc acds mdude benzoic add, dmamic acid and
ther derivatives, while flavonoids indude several mbdasses, flawn-
nuals, flavones, flavanones, flavanols, anthocyanins and soflavones. Doe
to specific composition and ahility o sct a5 a free dical scavenger,
omsunmation of food rich in polyphenals soch 2s dark chocol aie, black
berry, hlade olives, green tea, red wine, hinsherry, st (FérerJiméner
et al , 201 0) may help in prevention of heart disesses, @neer and aging
effect among many other beneficial for mman health (Fandey and
Rizvi, 209). Apart of owidsthve sohility, in fod palyphenok may
omiribute o the bittemess, ssringency, mlour, flavowr and odour.
Sinre sage has been reongnized 2 plant with high antioddent potential,
it i essential 1o perform in vibo analysis of dry extracs antiodidant
capadty.

Antiorident activity of sage by prodoct spray drisd eviracts was
Comy ively d ined by DPFFH, FRAF and ARTS assays
Antioxidant activity determined by DFFH asoy vared betwesn
24426 and 476.00mg Trolox/g. Antioxidant sctivity wes particulardy
high in ssmples prepaned by UAE and MAE (Tahle 31 In case of fernic
reduring antimdident power, the highest was alo achieved in UAE
(5256mg Pe?/g), while the lowest was observed in PHD-20
(2574 mg P /g). Results of free radical-scrvenging epacity towands
ABTS* radical were betwesn 377,52 and 811 68 mg Trolox/g. Accard-
ing i reslts from Tahble 3, it could be ooncloded thet sege dry extracs
prossess e pamtienlar]y high antioodant capscity.

Similarly o pal yphenal conienit, antiocidant activity decressed with
the addition of malindevirin doe to dilution of dry exracts binsctive
compomds with inert @orer. SWE and PHD extracks exhibited
significanily lower antioxidant activity comparing with other tecdhmi-
ques {Tablz 3}, which i dinscily conneciesd with palyphenn] oontent in
dry extracts {Tabl= 2). Porthermaone, essential oil of sage, which possess
ceTtain antioddent sctivity (Borin =t al , 2007, wes removed from the

Talind
AmEnridan sty of sy dried saye by-poodies e st deserrsoed by DFFH, FRAP
and AETH amap.

Sample  DPFPH[mgTmbajy] AP fngFe™ ] ABTE [oy Tmbay]
MAC MELL = A" o B S088 = E.E
MACTG  TMR4T + E2eS WA+ 03" a0re + Wt
UAE HI8E + LW 386+ 1300 A = Hon"
UAE-NS  EE1E & L A+ 0ET A + A
AR AFRGG + EFOd A28+ 081" EE = BE
MAE-NY  TE3 o: Le® o = 131 WAG] + RET
AWE AT = 7840 e+ 033 aad = 1
EWEDD  M4AJE + A" F LT D75 x BN
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FHID s mple, sinee only paostdistll ation weeste was nssd 2= feed for spray
drying. This led to signifiently lower antioxddant activity of PHD
smple, mmparing with other extracion techmniques {Tzhle 3). Accond-
ing to all antioddent achvity parsmeters, MAC, UAE and MAE
expressed significantly higher antioxidant capadity comparing with
SWE and FHD ({Tzbl= 3) Bren though, MAC sample exhibited imilar
antimddent capadty as UAE and MAE samples, higher yield of dry
exiract per mass of plant material conld be achieved when nowel
extraction techniques are being applied. This justified application of
emeTging extracbion echniques (UAE and MAE) in initial step of solid-
liqnid exiraction in arder i achieve sabisfying an tod dent properties of
dry extracts.

Antimrident activity of dry sage extrack was in acoondance with
palyphennl content. Acording o Fig 2, good lnear oomelstion
between TP, TF and antioxidant adtivity perameters (DFFH, FRAF
and ABTS) was observed. Similer comrelation betwesn TP and anbiox-
idant activity of Sabia fuliross and Rosmarims afficinalic spray dried
extracts has bemn observed (Sahin-Nadesm o al, 213; Couto =t al,
2013 Linear regression of TF and anbioxidant activity wes higher
comparing with TF, which was displayed a5 higher r* (Fig. 2L This
mggested that polyphenals are main ompounds responsihle for anti-
oxidant effects in these extrack, although additional plant metabo lites
oonld exhibit anbiocdant efferts 25 well. Futhermore, it & ndicated
thataddition of MDwould prevent or reduce kess of antioxidant activity
with incresse of TF and TF remwery (Fig. 1L Previously, antioddant
Id:mi;d’:p:] drisd eviracs of Sshrea momtana and Adulls

lam were d ined only by DFFH asay in owr previous
mdi (Vidowi€ =t al, 2014; Viadif «t al, 2016} In o= of sge
herhal dust, antiod dent activity was determined by three in vito asoys
and good cormelation was observed aomrding to data from Fig 2
Amarding to parbenlarly underdinesd antimoddent potential, i & g
pesied that sage herbal dost dry extacts could be used in plant
pharmacential formulstions, 2 well 2 fond additives with preserva.
tive effect.

34, Antimiorobial achiwty

From andent times, manidnd hes bemn mal medicinal plants to
treat commaon infections disesses, doe o their healing potential
Medicinal plants may be nsed in tmaditional and modem medicine as
crude drmgs, or 2 source of nainral active componnds. The antimioo-
bial potential of sge exsential gilk and extracs has been proven in
numerons papers (Borin = 2l , 2007; Stnaojerif stal, 2000 Withowska
etal, A13). Despite 2 good antibackerial efficiency, it is very difficolt
to mmpare the nesols among anthors doe to differences in origin of
examined plant, s composition, employed techniques, tesied mioo-
organisms, growth medinm, =tc Por that resson, it & necssary to
determine the antimirmobial sctivity of ssge by prodnoks spray dried
extracts (MAC, UAE, MAE, SWE and PHI). Only spray dried samples
without addition of maltodewtrin were evalusted for antimicrobial
activity.

The preliminary evalnation of antimicrobial activity was
by disk diffiion methad Acording to the ohidned remilts (Table 4),
Fram negative bacteria and yesst strains were found i be resistant to
all ewiracts. The nesistance of yesis may be refemesd to more omplex
ol stroctume {enkaryot ccell) in comparison with bacteria {prokarpotic
oell). No effidency of iesbed extracts against gram-negative conld bea
omssmence of the cell emvdope stoctome. Namely, gram-negative
bacteria are sumomnded by a thin peptidoghraen od] wall, whidh itself is
mmomdesd by an outer membane containing  lipopol ysscchar de,
while gram-posithve hacteria lade an outer membrane (Silhavy = 2l
2010 The outer membrane & a barrier that hmits the diffusion of
active ds trough il L {Pierozan et al, 20090
'I'I:es:mﬂi resulis ane in accordance with other smdies, whene similar
effect of spe eviraos and its emential od towards nvestigated
microarganisms has been reported (Pleroran ot 2l 20090
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Om the other hand, the resnlis preseniesd in Table 4 shows that gram-
et ve bacteria show different sensi thvity to tested extracts. In geneal,
MAE MAC and UAE show similar antibacterial acthity agpainst tested
gramepositive bacteria, while SWE and FHD manifest slightly wealoer
{aromnd 10 mm on averzage) or no antimicrobial activity. In genemal, the
highest amiti microbial schvity of tested extracts wes determined agximi
Sraphylocorrus soprophytias”™ . The lowest anbimicrobial activity was
ammemned against Banllax coeae™. In addition, the minimal inhibitory
omomiration wes determined for all tested grame positive baceria

The antihacterial activity of spray dred sge e@os agaimst
selected strains of gram-positive bacteria deermined by microd llution
method & presented in Table 5. & could be observed that all
imeestizated samples exhibited safisfying antimicrobial acthity duoe to
low MIC (<= 50 mgAml), which was higher only in case of Barillu
e, According i MIC values from Tahle 5, it could be noted that
Srephylococras aurms ATCC 25923, Ligeria dvamenél ATCC 19119,
Entrrooooous faeralis A TCC 194303, Sophylooroous soproph o s, Lisheria
monogrtogme” and Bndrocoous fasrabic™ were particularly sensitive to
antimicrobial effects of MAC, UAE and MAE samples. However, their
mespective MIC valnes signifimnily incresssd for SWE and FHD samples
{Tzblz 51 Purthermare, investigated samples exhibited weak antimi-
crobial acivity towards vegetative cells of Bodillus cores™, while MIC
for vegetative aelks of Barilbes cereus ATCC 11778 wes lower, which
suggested on higher resistance of wild strains. However, this was not
the me= with Enirrooocous fieoolix, sinee wil d isolate wes mone sens it
to effects of imestigated exiracs Fieromn et al . (3009] reponted that
MIC of sge essential oil disoled in dimethyl sulphoxide (DMS0)
was < 1) mg/ml. for Beteocoors faemibc and Sephylomeos mreus,
wheress wabter was ol 25 solvent in all investigated samples for
microdillntion method thms completely neglscting antimicrnobial effisos
of solvent. Porthermare, Withowska ot 2l (2013) reporied that MIC of
=mye exitach repared with waier, ethemaol and heyame a5 exiradion
solvenis were 1040 mg/ml. for Sephylomcas mrms, however, DRSO
was also wel 2 sobvent for determination of antimicobial achvity.
Antimirrobial scfivity wes in accordance with polyphenn] content
{Tzble 2 and antioxidant activity (Table 3}, since MAC, MAE and
UAE samples were generally more poient comparing with SWE and
PHI. This ales ndicaied thet eviaced sge polyphenoks wers main
compomnds responsible for biologicl adivity (antioddant and anti-
microhial effscts), whils their content in dry eoracts was dirsctly
connected 0 applisd extraction technique and process conditions.

Comparing the nemlts chixined by disk diffosion method and
microdillntion method # can be concluded that the resulis are not
uniform. Nevertheles, both methods indicate the semsibility of gram-
pasitive bacteria to sage evtracts, therefnne the disk diffosion methnd
may be applied for prdiminary studies, while the micnodillution
method should be wed for quentification of antimicrobial activity.
Amarding to data from Tables 4 and 5, it could be observed that UAE
sample exhibited the highest antimicrobial activity. Due to cenzin
anitimicrobial effeck, spray drisd ssge evirack ould be el 2= food
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preservatives, partionlady in solid food Porthermore, they coold be
incorporated in pharmacentical formuolations with antimicrobial effeds,
fortified with particnlar by high antimddent sctivity.

i, Conclusions

The results of the present stody described the exploitation of the
sage by-prodoct from filter tea facinry for prodoction of dry extracts
with effiective bindhemical properties. Initial siep wes the produdtion of
liqmid feesd fior spray drying wing conventional (maemtion (MAC) and
hydnodistillation (FHDY) and novel {ultrasound -assisted (UAE), mioo-
wave-ams isted {MAE and suboit cal water extraction (SWE)) exirachion
techniqnes. Obtained ligwd sxtrace wens spray drisd mder the same
omditions and dry extracts wene characterized in terms of polyphenal
content, antimddant activity and antimicrobial activity. According to
TP and TF content, it could be conduded that UAE and MAE could
provide significant advamtzge comparing with other techniques, thus
justifying application of emerging techniques over traditional. AD
imestigated samples exhibited high antiocidant achvity, which was
panticularty high in case of MAC, UAE and MAE, however, MAC sample
had centain disadventage in terms of total yield of remversd paly-
phenoks. Imvestigated antimicrobial activity of dry extracts towards
selected gram-positive bacteria, gram-negative baceria and peasis
suggested that sage ﬂtlﬂ:ﬂiﬂ:ﬂdmhmﬁhﬂ]ﬁmuﬂ]
towards gram-positive bacterial. Forth e, good cor i
tween polyphenok and antioxidant and mnm.trdrn] activity para-
meters was observed suggesting that these wene main responsible
oompomds for these ofeds According to 2l {mestigated binchemical
parameiers, extrac obtained by UAE had the best propenties,, thenefone,
it was proposed that this teclmiqoe would be the most soitable fior
production of sxge extracts. Obtained dry extraces oould be used 25 food
preservatives, or in pharmacentical formuolations and dietary sopple:
ments with the 2im to exhibit antioddant 2nd anbimorobial acvity.

Acknowle dgement

The anthors would ke io thank the Procins (Baflc Palanka, Serbia)
for kind donation of sxge herbal dost sample

Referenoes

Drordiewid, V. Baliet, B Bolfeh Cwitnmnesd, &, Levid, &, Trifowid K, Kaludew® A,
Koo, L, Komes, [b, Bogasdel, B Nedowid, V., 3004 Tomds i encs pia o
e dbeiogies Sor delbveny of Sood Bdoacd i composads. Food Exg Rae. 7, 452400,

Gk Madamn, H, Teoes, M, Gulemiz B, 3001 Spray depy of e somies b
it siriia) waer exiract by naing difSew bydramibid cerdes IWT = Food
Bl Tacheol 44, B8,

San-Hadeem, H, lizoe 0
s Eempeainm and coser miatl oo e prodacibe of St
frotima Mille) by spony deping. IWT = Food S Teckeal 53, 353

Aol B4, Sowwl, H | 30607 Seperisiead 00 ozt oo of '\.u‘m.:ﬁ:n.n'_u. 1
Bgpemrit, Fladds 40, ZVe-2d8.

Babovic, M., Dl 5, Jadrands, B, Vaj, V., basowe, 1 Petrovic, §, Zinowic, |, 2000,

Tosem, 8, Toper, &, Ucdemsr, F_ 503 J:-I‘.-\.'::I.-\.._'ln:




E. Padd ot al
Sepecritical carioe dinoide e of sntordeed Sactions Sem sdecied
Lare Bt | e i pacity. boow. Foad § Emery, Tackea 11,
- BT

Bariorede, Iy, Barial, T, 200l V. PR gy 1. The ki gpcd ph iyl

act bty of sl . The Geos Salvia. g 5.

Bemcie, IF_Semi, 10§90 The forde .ui,ura_m o
of aniion e powe: S FILF mioy. Aol L O

Boxk, b Mimdcelinkic, M, Semoith, |, Jovis, B, 356 Ansimicnbial sl ansioriduse
popste of Koy axd e (Remaries offichals L aed Sdva officaalis L,
Lseersiiares ) ot ] salle . g el (e 586, TROVRLTESS.

Br] - Wiliere, W, Comv ey, WE | B, P08, b of & Srew radioall mwsiod i
wwal e el acthity. IWT = Food Sl Tedbool 338 3530,

Caltrlee L, i, 44, 200E The efec of difmms dryiny proomas sed fhe snoas
ofmalindery s addition o i e powder propesse of samec et prwdes. Fowde

Enm Saivi offichaly L
P =y & d acsvily. Plyiochenfitry 65, 1983-FriL

m*q[ll‘ Soura, CILF, Oirei=, WP, ﬁ&wﬂpjdqig
eoaditions for production of Bdma pllon: L defed] extract. Chem, Fog e Do 95,

AT
Costn, B0, Comrsiche, BC | (] LT, O, EMS | barsing, Fil, Bara, MTF,
In-h.l.l...nl-.!.l‘..l-l- I e e I —
iex. Fond (hem_ 151, 0 108
di S, vn.n_nu.u,u.n._lnuu-.mﬁ--.mu.mu
Effoct of spray drpimy o dhe phyoochy oo pezpste wd ol sabiliy of the
et chrmad fom wndficsos bpndics of e Balo g (Vs
labrmca) Foad Biopasd. Faoma 04 Se80,

Inctwerinl Crops & Prodenss 107 (3007 S1-89

Fowder Tackeal 16, 339
Marques, GR., Bosges, SV, de Mesdoncs, K2, de Beeroi Fesoandes, BV, e,
ECT., b Appiication of malirderiris iy com el powder proderciion

Marsma, T, de P, B, Birwars, |, Rodriper o, & Matie, &, Descie, € Sasc-
Buembamibon, M., G, ML, 3086 Spray deyiny Sormmleion of
g e e sk ne o apeminy oo and dofom manad e
Bioprocms Tackadl % Io4-034
M &, Edwanlslirp, F_ 2000 Excewsaton of nageral plpphemdis maposals 2
rviree. P acems i §, P
[T W T S— T i g appmack & Sl

el Bl i s et maciioes @ sewiew. Amal Ol decka TOC 88
e I T T S pae—
o medicion ] bl giants. Dey. Tocheal 34, 323535
P B, 1, Hewse, V., Vo, Fo Scalley, A, 2000 meSosion of e 000 rides
sty s of mipplmos e sppiosos of @ phemlegivos detsbae. Bar.
I i Beir 4, S112-E130.
Pandey KB Rrvd L1, X000 Plnd polyphemoi o distery e fordans s o balk
el e, Cheid Mool Colll. Lomggrn: 3, TFO-TFE.
Parll, B Vedowt, 8., Viedie, 1 Radeindiere . B, Cimcdrdd, B, Tadowdd, T, 30NE.
I‘:&Jnhﬂ:ﬁ-ﬂ-,mwuhfﬂ--m
kg el o i r L& i Pedda fid, 348
hu.ui.ﬂl.“Lhnmh*.Ln,ﬂL—:b.-‘H
.IJ..JIHL.&*.II_.“-.J.W e Chmreical
g | et iy o il ol of Sy L. spenciimi,. Cleme
'I'_nl.nl-u.tl.mm
s, M, Vidow i, 8, Tebod, 7, Viadid, 1 Cwegfim, A, Fureii, B, 3084 Moalioling amd
o iy o mlt : . H - 5y &

Lraca, L1k, P, A, Fiva-Tendade, CA. Rodripamefac, LN, Gramao, 11, G
uﬂ&-dﬂnmﬂh_ﬁﬁﬂpﬁﬂﬂvil
{ Byl daentaria [C ) Eradl extracss Foad Foces W, B2

Drems, ML, Diriggerwsi Ulmckae, V., e, B, B, B, Boalfiey, T Lewj B 300L The
et of exiraction soiwnic Empersew and Eme on e cmmalibe sed ms
fraction of palpphen bl dalmits wild s (St officnati L) e Feal
Tackonl Bhaack 51, 891

Faba b B, Landoadd, A, (heoed-Hamad, I..Bm—;-.].l..h:ﬂq.u i
haraterinto md pasficsin of ph
FththMh_—llihH_&fhd.“.

::u-.ld..n:u..:mzh—-,nn.*.u.i,-l..m-._-.ﬁ_ o pa——
al Tamds Fend

B Tache ¥, 6487 - o

Galwabes, T8, 31% Fowrpng Sechociogie: for e prodecson. of ki &
g sicadteral & v wrnid of opposunie s eed challeps. Food Beopead.
Pmoms WL 37887

Gal-nbond, H Hie C Kbhee O 3000 Todsom] e of Sain Banotica Bt
Sl sge) and dhe ol i i il odi. 1 Pémopk L TL
S-S

Conke, &M, Adimopeados, G, 308 8 pray doyisg of homio palp i debem idified e
I The efest o powder popeie. 1 Foal Exy €6, 3800

Hatnme, 1B, {84 ebod of Mt Amdyas Springs, Hebohals

bramodc, 1, [, &, Jadranis, b Vigs, V., Babowc, M., I*mk.! Hm-k.l il'l'!l.
Bapaeritical carine diooide o o ik,

Aronia mdanocapa bpeaducs: Sum S Scory. Uks, Soaocien, TL
P

Be, B, Pellogrisnl, M. Froegpete, A& Passds &, Yoy, W, Ree-Fwms, ©, 1999
Amnridus acshvily spplyng e mpened) ABTS mdical cafion deenbsire fon sy
Fom Radi Bio_ biad X, DF4E-1TCF

Shofuee, D Lotk TA G, 3. Spoy doyby of ossge ped exiscie pleld, ol
plumlt o, e eomadc evabasion. 1 Foad Eoy. D0 -4

Sikary, T Kabpe I Wallez 8, 5id T bt ol ool emwebpe. Cold Spring Harkos

il

P
umh" .u__‘_‘ dm_ 1 Eeal wm_ui *

Bours, CIF_, Gchimiio, L&, Thomrind, FCF, Obveis, WP, 3608 Foosdy of
Saamarhs ol Lime eris on pray asd possed bad drpes Boe 1 Chem.
Eay 3, s

Semapeed, I, Comsd, L, Se Smovdd, O, Sciuiid Sekdciak, £, 000 kb vt eyl
el acshity of Saieds afficinalis L aed soms proerwses Axh Biol 50 &,
-l

Vidowit, 85 Viadid 17 Vidhag 10 Bdhowit, T, Popowid LM, 2004 Maloderirin
-lu*ﬂ_hﬂm&hwmﬁjpﬁl*ﬂ

Ve, 1, Aot I 5o ot ibiicr, PP, hﬂ.j,l’.‘*.h..hﬂ.ﬂ..'l.ﬂm!.!..ﬂ&
ey oy o Sl ton ndmiy bppandictic pmdiction. of A millghliom powds nainy

W ol ILIH.LHLH“LML!HB.EMDI

officinnii L) -AHIMWLJ.J.M& Soc T4, AT-TEL
Ko, G PP, Makog NP, Bamogois, WPH, Vijos, AW, 2008 Soei Afsces
Siabta g @ sy of Bobped 4 cese wd phpndmaey. L
Eftopharmecnd 1% S£4£T1
mh._:p-d.-.l.ﬁﬂj.l.ﬂkn:ﬂllmh_‘-w
doping of Sudl et oo of adlis . Coit. Bary
Food Sl Mutr 54, 4450475
L—hqll.l-:r_"..mll—_ﬂpd.l-:h&s = o il
ot challenge of the FIW p mitarive Sdv.

223 |Page

S ! e s i asesnd Snd
h—h:hﬁ.ll‘mdhli.’-&
T, 2 Fimsad, [, Mlaglid, T, Vidoi, 5, Mirsica Tkl M., Toslif, M, Vi, &,
hghnlhuuﬂ-,w--—ﬂh-m-
o o (linguiblibiad red].
ML'I:'EE.J..'I-HmE.H m-uﬂ.h.hﬂ.ﬂ.ﬂ“ﬂ'“lﬂ

-h-‘d*s#.lﬂ.ﬁd*:“lﬂm )




