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Abstract

Wine has an important role in human diet, not only due to its unique organoleptic
characteristics and therapeutic properties, but also for being an important component of the
Mediterranean diet.

Currently, many biotechnology institutes and laboratories are developing studies to create
yeast strains with oenological characteristics for winemaking process to obtain a quality wines.
These characteristics may include fermentative rate, tolerance to alcohol, acetic acid
production and thermic tolerance.

ICV D80° and FERMOL® SUPER 16 are two different yeast strains of Saccharomyces cerevisiae
with different oenological characteristics produced in independent laboratories. The aim of
this work is to compare the effect of these two dried commercial yeast strains, in a chemical
and fermentative process perspective in Enclos des Anges company. The Syrah grape berries
were used in this red winemaking process, obtained from the 2016 harvest. These analyses
were performed in different stages of the winemaking process, mainly before, during and after
fermentations. After fermentations, in ageing stage, the routine and reference analysis were
performed to control the chemical composition of Syrah wine. The compounds identified
included alcohol strength, reducing sugars, total acidity, volatile acidity, pH, free SO,, total
SO;, malic and lactic acids.

Comparing both yeast, the results obtained were very similar in the performed analysis.
Nevertheless, FERMOL® SUPER |6 yeast may have demonstrated a higher efficiency in the
majority of the parameters observed, namely volumetric mass and temperature during
alcoholic fermentation, and alcohol strength, volatile acidity and free and total SO, after

fermentations.

Keywords: chemical, fermentations, food safety, FERMOL® SUPER 16 yeast, ICV D80® yeast

strain, red wine, Saccharomyces cerevisiae, Syrah, winemaking process
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Resumo

O vinho é uma bebida importante na dieta humana, nao s6 devido as suas caracteristicas
organoléticas e propriedades terapéuticas, mas também por ser um elemento integrante da
dieta mediterranea.

Muitos institutos e laboratérios do ramo da biotecnologia tém desenvolvido estudos com o
intuito de produzirem estirpes de levedura com caracteristicas enologicas que fomentam o
processo de vinificagao para obter vinhos de qualidade. Nestas caracteristicas podem constar
a taxa fermentativa, a tolerancia ao alcool, a produgao de acido acético e a tolerancia térmica.
A ICV D80° e a FERMOL® SUPER 16 sdo duas estirpes de leveduras de Saccharomyces cerevisiae
com diferentes caracteristicas enoldgicas provenientes de laboratérios distintos. O presente
trabalho teve como objetivo a comparagao de duas estirpes de leveduras comerciais secas
ativas, ICV D80® e FERMOL® SUPER 16, na perspetiva dos processos quimicos e fermentativos
na empresa Enclos des Anges. Os cachos da variedade Syrah foram utilizados no processo de
vinificacdo do vinho tinto, obtidas na colheita de 2016. As analises foram realizadas em
diferentes fases do processo de vinificagao: antes, durante e apos as fermentagoes. Apos as
fermentagdes, nomeadamente na maturacao do vinho, as analises de rotina e referéncia foram
realizadas para controlar a composi¢ao quimica do vinho Syrah. Os compostos identificados
abrangeram o teor alcodlico, os aglcares redutores, a acidez total, a acidez volatil, o pH, o
SO; livre, o SO; total, o acido malico e latico.

Comparando ambas as estirpes de levedura, os resultados obtidos foram muito semelhantes
nas analises efetuadas. Contudo, a levedura FERMOL® SUPER 16 parece ter demonstrado uma
maior eficiéncia na maioria dos parametros observados, nomeadamente na massa volimica e
na temperatura durante a fermentagao alcoolica e no teoralcodlico, na acidez volitil e no SO»

livre e total depois das fermentagoes.

Palavras-chave: fermentacées, levedura FERMOL® SUPER 16, levedura ICV D80°,

Saccharomyces cerevisiae, seguranga alimentar, Syrah, vinho tinto, vinificagao

Vil



Index of contents

Index of HIUSLratioNS ........cocuiiiiiiiiiiiii s X
INAEX Of tABIES.....ceneeiieee ettt st e e e en Xl
Index of AttAChMENTS ......coiiiiii ettt ettt et s Xlil
List Of abbreviations......c...couiieiiiee et XV
L. INErOAUCTION ..ottt sttt be e st e e st e e bt e st e e sbeeeanean 2
[.1.  Winemaking and Viticulture Company: Enclos des Anges ............cceceeverruerseenneennnens 4
L2, TOITOI ettt st 5
[.3. Grapevine variety SYrah........ccocoiiiiiiiiiieicteeee et 6
[.4. Red wine and its COMPOSITION.....c...eiiuiirieriiiieeieeeeete ettt 7
[ 1. MVAEEE ettt ettt s bt e st e bt e st e et e b e et e e naeeeae 8
4.2, SUBAIS ..ottt sttt e eae 8
[.4.3.  Ethyl @lCOROL.....coeiiie et 10
4.4, INTrOZEN. ..ttt ettt ettt a st sbe s ae e es 10
[.4.5.  Organic acids ....c.c.oooieiiiiieeeee e e I
4.6, MINEIAlS...couiiiieee ettt ettt ettt e st eaee s 14
4.7, PRENOIS....ceiieeeee et e 14
|.4.8. Esters, aldehydes, higher alcohols (volatile)...........cccceriiiiiiniiiiiieeieee 15

[.5.  Red Winemaking ProCess........coouiiiiriiriiiieiteeeeee ettt I5
[.6. WVINE YEASES ...ttt ettt sttt e st s b e s e e s e e st e s e e e nee 18
[.6.1.  VVINE YEASE STrAINS ...cueeuiiiieriiiieeteeitet ettt ettt et st et sae et st snesaesne s 19
[.6.2. Biotransformation by Yeasts ........ccccceeueriiirieriiiiieeereeeee e 21

.7, FerMENTAtiONS .....ciiiiiiiieiiete ettt ettt st e st e bt e st s bt e st e e bt e et e easeeae 22
[.7.1.  Alcoholic Fermentation (AF).......ccccoeiiiiiniiiieeeeeeeceeee e 22
[.7.2.  Malolactic fermentation (MLF) ....ccc.cooiiiiiiieeeeeeeee e 24

[.9.  Food safety and WINE ........cooiiiiiiiieiieeeeete ettt ettt 25

2. ODDJECLIVES ..ttt sttt ettt e e e e s r e ne e e e reenarens 30



3. Materials aNAd MEthods.......coovvuueeiiiiieeiiieee ettt e et etteaareeeseseeeeeannesseeees 32

3.1. Cultivation conditions and pre-fermentative Stage ..........ccecueevueerieriiernieeneenneeeneenns 32
3.2.  Before fermentation..........cccociiiiiiiiiiiiiiiiniiie 35
3.3.  During alcoholic fermentation...........cccccovueerierneiriienieneeeeeeete e 37
3.4, After fermMENTaAtioNS.....ccc.oiiuiiiiieiieeieet ettt ettt et ettt b et eeas 39
3.4.1.  Routine analysis Methods ..........cccciriiiiiiriiieeeeeeeeeeeee e 39
3.4.2. Reference analysis Methods...........cooouiiiiiriiiiiiriieeeee ettt 41

4. Results and DiSCUSSION .......cccociiiuiiiiiiiiiiiiiiicce e 48
4.1. Before fermentation..........ccoueieieeiienieeee ettt 48
4.2. During alcoholic fermentation...........coceeuerierieriieniienteeeieeteie ettt 49
4.3, After FErmMENTatioNS......cocueiiiiiiieeieeieeet ettt ettt e b e s e e e e e e s e e 52
4.3.1. Routine vs reference Methods..........coouiiriiiiiiiniieiieeeeeeeee ettt 52
4.3.2. ICV D80® vs FERMOL® SUPER |6 yeast Strains...........ccccevueuevevrrrerrereuesessssensesesesnans 53
4.4, Sensory eValUation ........ccocueiiieiiiinienie ettt ettt 56
D CONCIUSION ...ttt ettt et e et e b e st e e bt e e bt e et e e bt e eabeebeenateas 59
6. Final conSiderations..........cocucviiiiiiiiiiiiiiiiiccce e 6l
6. 1. FULUIE PEISPECLIVES......eiiiiiiiiieiieeetee ettt ettt ettt e s eab e e e e st e e e e e e s eanes 61
6.2. Personal reflexion..........cccoiiiiiiiiiiiiiiiii e 6l
7. BIDHOZIaPRY.... ettt sttt et e as 64
8. ALLACKMENTES ...ttt ettt ettt bbbt b e s 77



Index of illustrations

Figure | = The three different places where this work was performed: Montpellier, Bastia

and Calvi. Source: Google Earth............cocooiiiiiiiiieeeeee et 3
Figure 2 — Enclos des ANges |0Z0......cc.uiiiiiiiiiiieeeeeeeeee ettt 4
Figure 3 - Different labels of Enclos des Anges company ........c.cccceceeiieriieniieinieniieeneeeeeee 5
Figure 4 — Terroir VItICUITUIE ..ottt 5
Figure 5 — Syrah grapevine and grape berries. ........c.cccociiiiiiiiiiiiiiiiiis 6

Figure 6 - Structural representation of the most abundant hexoses in the must. On the left:
the glucose; on the right: the fructose. ........cocuiiiiiiiiiiie e 8

Figure 7 — Yeast energy metabolism with glycolysis, respiration (blue) and fermentation

(orange) pathways. Source: Flikweert (1999) ... 9
Figure 8 — Majority nitrogen source transporters in yeast. Adapted from Crépin et. al., 2012
.................................................................................................................................................. I
Figure 9 — Tartaric acid. On the left: L isomer; On the right: D isomer. .........cccccoecereenneen. 12
Figure 10 — Malolactic fermentation ..........coccovieeiiiiiriieieeeeeeee e 13
Figure 11 = Citric acid.....ccooiiiiiiiiieiietet ettt 14
Figure 12 — On the left: tannin; On the right: anthocyanins. Source: Jackson, 2008............. 15
Figure 13 - Syrah red winemaking process in Enclos des Anges company...........cccccuceuenee. 16
Figure 14 — General microbial ecology during winemaking process.......c...cceceeveeneerieeenen. 18

Figure 15 — Main chemical compounds of grape must and wine that suffer biotransformation.

Adapted from Bell and Henscheke, 2005............ooiiiiieee et 21
Figure 16 — Kinetics fermentation.........co.ccoeiieiiiiiieeeeeeeeteee et 23
Figure 17 — Malolactic fermentation process (Pessione etal., 2010).........ccccceerveriinennenne 24
Figure 18 — Enclos des Anges red wine [abel..........cccccoviiiiiiiiniiniiieeeeeeeeeee, 26
Figure 19 - Syrah field of Enclos des Anges company. Adapted from Google Earth............ 32
Figure 20 — Syrah grapevine in 2008 ..........ccc.ooiiiiirieeeeeete et 33
Figure 21 - France temperature average and north Corsica’s temperature from October
2015 till September 2016. Adapted from Linternaute, 2015and 2016 .........ccceeeeiiencenneen. 34
Figure 22 - France rainfalls average and north Corsica’s rainfalls from autumn 2015 till
summer 2016. Adapted from Linternaute, 2015 and 2016..........ccccceeiiiiiiniiiiiiiieeeeee, 35
Figure 23 — Hand refractometer with Baume scale. Adapted from Harris (2005) ............... 36
Figure 24 — pH 7 Portable/pH Meter........coiiiiieeeeteeete ettt 36
Figure 25 — Wine tanks and pump-over machine in Enclos des Anges company ................. 37


file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439840
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439840
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439841
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439842
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439843
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439844
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439845
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439845
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439846
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439846
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439847
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439847
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439848
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439849
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439850
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439851
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439852
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439853
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439854
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439854
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439855
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439856
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439857
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439858
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439859
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439861
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439861
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439862
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439863
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439864

Figure 26 — Mustimeter of Dujardin-Salleron............ccccoccovviiviiiiiiinniininniniiiniccee 39

Figure 27 — FTIR spectrometer. Adapted from Frederico, 2010.......c.cccoevieiiiniinnienneennen. 40
Figure 28 — FTIR equipment and test tubes with wine samples in test tubes support......... 41
Figure 29 — pH apparatus in hotte with temperature control ............c.ccccceviiininiiiiinninnenn. 44
Figure 30 — SO, determination by Franz Paul Method.........cccccociiiiiiiiiiieeeee, 44
Figure 31 - Interaction between the different components of SOs....cc.ccceevveviiierienennene 45

Figure 32 — Monitoring alcoholic fermentation following volumetric mass and temperature
parameters, for a period of 25 days, in two different yeast strains, the ICV D80® and FERMOL®
SUPER 16. The ENOVIT® and NUTRICELL FINISH products were added in four different

Xl


file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439865
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439866
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439867
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439868
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439869
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439870
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439871
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439871
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439871
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439871
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439872

Index of tables

Table | = Chemical composition of red wine in weight percent. Adapted from Labruyere et
Al 200 5e i bbb 7
Table 2 - Oenological characteristics of two different commercial active dried yeast stains,

FERMOL® SUPER 16 and ICV D80°, in a synthetic media with a potential alcoholic strength

of 12% volume (French Institute of Vine and Wine, 2005, 201 1) ....cocveriniiiniiniieeieeeenee 20
Table 3 — Agronomic and quality characteristics of clone 300 Syrah grapevine (INRA-IFV-
Montpellier SUPAZIO, 201 7) ...ttt st e 33
Table 4 - Table giving the relationship between the volume of sodium thiosulfate solution
and the quantity of reducing sugar in mg. Adapted from OIV (20172) ......coeoverieeniinicnneennne. 42
Table 5 — Monitoring analysis of Syrah grape berry in Enclos des Anges company .............. 48

Table 6 - Analysis of the two Syrah wines with different yeast strains, ICV D80® and
FERMOL® SUPER 16, performed by routine and reference methods. ............ccceevuerierrrnnnnne. 52

Xl



Index of attachments

Attachment | — Analysis of the Syrah grapevine field............ccocooiiiiiiiiiiiceee 77
Attachment 2 — Routine laboratory analysis results ..........cccccoooeiiiiniiiniiiinineeeeeeeene 78
Attachment 3 = NUTRICELL FINISH technical sheet..........ccccceeiiiiiniiniininniiniiiiiienen. 78
Attachment 4 = ENOVIT® technical Sheet..........cccceuvuiuiurueieiiieieeieieieee e 78
Attachment 5 — ENOVIT® safety data Sheet.........ccccoveiuiueveveveeieeeieeeeeeeee e 78
Attachment 6 — ICV D80° yeast technical ShEt .........cccovueuiruriieeirinieieieeieeieieeeaeseeeeenas 78
Attachment 7 = ICV D80° yeast data ShEet.........cevvrurueveveiieeeieeeeeeseeeeae e 78
Attachment 8 - FERMOL® SUPER 16 technical sheet............ccooceueveiiieiiererereiesserenennans 78

Xl


file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439790
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439791
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439792
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439793
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439794
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439795
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439796
file:///C:/Users/Toshiba/OneDrive/Documentos/Tese%20Mestrado/FINALÍSSIMA%20Tese-de-mestrado_21.07.2017_Prof.%20Fernando%20Ramos.docx%23_Toc488439797

List of abbreviations

AF — Alcohol fermentation

AS — Alcohol strength

BTU — Basic Terroir Units

DAP — Di-ammonium phosphate

EC — European Commission

FTIR — Fourier Transform Infrared Spectroscopy
HACCP — Hazard analysis and critical control points
ICV D80 — Institute Coopératif du Vin D80°

IFV — French Institute of Vine and Wine

IHEV — Institute for Higher Education in Vine and Wine Sciences
INRA — French National Institute for Agricultural Research
LDso — Lethal dose 50%

meq — milliequivalents

mhl — million hectolitres

MLF — Malolactic fermentation

OIV — International Organisation of Vine and Wine
PAC — Potential alcohol content

TA — Total acidity

TCA — Tricarboxylic acid cycle

USA — United Sates of America

VA —Volatile acidity

Vol. — volume

XV



Chapter |

Introduction



. Introduction

Since prehistory until current times that the historical geography of viticultures and the wine
business have a great impact in humans’ lives. By the fourteenth century wine had become an
essential part of the culture of the dominant classes of northern and western Europe, because
Greeks and Romans had colonised centuries earlier most of the Mediterranean area (Unwin,
1996). According to the International Organisation of Vine and Wine (OIV, 2016a), wine is
the drink resulting exclusively from the partial or complete alcoholic fermentation of fresh
grapes, whether crushed or not, or of grape must. The global wine production in 2016,
excluding juice and musts, was likely to reach 259.5 mhl and in France was 41.9 mhl (OlV,
2016b).

Wine has a high impact in several areas, such as economic, social, political, ideological and
commercial areas.

For hundreds of years, France claimed the reputation of being the world's greatest producer
of wines, although the wine industry had been an important sector in many Mediterranean
countries (Meneses et al,, 2016). Nowadays, that reputation is being rivalled by other wine-
growing nations on four continents, and the French wine industry is facing new challenges,
such as producing new styles of wines, improving winegrowing techniques and accommodating
new winemaking equipment while respecting centuries of winegrowing tradition. Also, the
customers' choice and trade is a concern of winemakers and they begin to follow customer
trends. These trends include not only the way of cultivation and the variety of grapevine but
also, the choice, the shape and the colour of label and stoppers.

In addition, wine is part of a healthy lifestyle due to its bioactive properties and its intake may
be part of a balanced dietary pattern (Fernandez-Mar et al.,, 2012).

French Paradox based on epidemiological studies shows that people living in certain regions
of France who consumed moderate quantities of wine had a lower incidence of coronary
disease than those living in other countries with similar dietary habits but who did not consume
alcoholic drinks in the same quantities (Miller et al., 1990). According to Vaquero et al. (2007)
the consumption of wine, particularly red wine, has an influence on the reduction of
cardiovascular diseases, the reduction of the risk of developing oncologic diseases, anti-
inflammatory activity, antimicrobial activity, renal and neurological protection.

All these reasons make the study of wine and its production relevant. So, there are many

researchers improving the scientific wine domain in many different areas, such as, viticulture,



oenology, microbiology, food safety, sensorial evaluation, chemistry, genetic, physic,

biotechnology, marketing and wine selling.

The microbial perspective is very relevant, because wine depends on yeasts and the oenologist
wants to find the best combination between winemaking process and wine characteristics.

Thus, it is relevant to search the ideal yeast, therefore, the development of this study was

important.

Two different Saccharomyces cerevisiae yeast strains in two tanks of Syrah wine with same

harvest were studied. Several analyses along different stages of fermentation were performed

in three places.
This work was carried out in France (Figure |):
- on the French island of Corsica located in East Mediterranean sea: in Calvi Enclos des
Anges company and in Bastia Departmental Laboratory of Analysis;
- South France mainland: in Institute for Higher Education in Vine and Wine Sciences

(IHEV) in Montpellier.

&
Montpellier

Google Earth

4.37 kn

Figure | — The three different places where this work was performed:
Montpellier, Bastia and Calvi. Source: Google Earth

This study was performed in different stages: before, during and after fermentation processes.
Before and during fermentation process, the study was controlled in Enclos des Anges company.
The stage after fermentation was performed in two different places: Bastia Department

Laboratory and Montpellier SupAgro. In Bastia Department Laboratory the routine analysis



were performed using a FTIR equipment with BACCHUS Acquisition Software. In IHEV the
references analysis were performed following the Compendium of International Methods of

Wine and Must Analysis of International Organisation of Vine and Wine (OIV).

1.1. Winemaking and Viticulture Company: Enclos des
Anges

The Enclos des Anges company (Figure 2) is located in Corsica, more precisely in Calvi
(northwest of the island), and was started by Richard and Marjorie Spurr, in 2007, from
vineyards and an existent wine cellar. Since then, they have restructured the wine cellar and
the vineyards through their viticulture skills and oenological knowledge. They work in several
vineyards with different grapes varieties: Niellucciu, Syrah, Grenache, Vermentinu and
Sciacarello. They produce different types of wine, including red, white and rosé, following vines
and production methods which satisfy regulations and laws. These regulations means
controlled origin, AOP - Appellation d'Origine Protégée, and guarantees that the wine and other

food products, are produced in a specific region.
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ENCLOS DES ANGES

Figure 2 - Enclos des Anges logo

Currently, the company has a production of 25.000 bottles/year, particularly white and red
wines with 11.000 bottles/year and rosé wines with 3.000 bottles/year. These crops are
produced from 14 ha of vineyards with a remaining 6 ha on which young vines are growing,
that are not yet productive. Nowadays, the company has created other label, the Semper Fidelis
label (Figure 3). The company has reached different markets, such as wine houses of the
Corsica regions, and restaurants and hotels in mainland of France and United States of

America, Belgium and Switzerland. They also have a cellar shop.
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Figure 3 - Different labels of Enclos des Anges company

1.2. Terroir

Geographic factors and other environmental factors, including climate and soil, contribute to
the identity of a wine from a given region — terroir (Hénaff et. al., 2016).

According to Morlat (2001), the Unité Terroir de Base (UTB) corresponds to an area that is
sufficiently homogeneous in terms of the functioning of the terroir/vine/wine system and that
also has sufficient surface area for viticulture, agronomic, pedology, climate and commercial
valorization.

The terroir effect results from the combination of several factors related to the natural
environment, mainly geology, morphology, soil and climate, agronomic factors, such as
rootstocks and grape varieties, and human factors, like cultural and oenological practices

(Morlat, 2001; Van Leeuwen and Chery, 2001; Morlat and Meinen, 2003) (Figure 4).
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Figure 4 - Terroir viticulture

According to the term terroir, Enclos des Anges company and this study, the vineyards are
located in windy region with east facing sloping plots, grown in the goblet method. Soil types

are degraded granite soils, which are acidic, and the climate is Mediterranean (see Attachment

).



1.3. Grapevine variety Syrah

Syrah has been known in the Rhone Valley of France and its parentage determined through
DNA testing to be a cross between two French varieties, Dureza and Mondeuse Blanche
(Christensen, 2003). Syrah is one of the oldest cultivated varieties and has a good response to
the modification of grapevine cycle (Lima et al., 2015; Mota et al., 2012). According to Kerridge
and Antcliff (1999) Syrah is a vigorous variety with a spreading habit of growth and with unique

features (Figure 5).

Figure 5 — Syrah grapevine and grape berries.
Source: David McSpadden in http://www.ecobalade.fr/espece/vigne-cepage-Syrah

Botanically, it has medium, 5-lobed leaves, somewhat rough and undulating, with tufted hairs
on the lower surface (Sereno, 2009). The bunches are characteristically long and cylindrical
with long stalks, rather loose, with small to medium oval berries which tend to wilt as soon
as they are ripe, becoming more difficult to harvest mechanically (Kerridge and Antcliff, 1999).
It has a complex aroma that includes fruity flavours of blackberry and plum balanced out with

spicy-peppery and earthy-leathery notes (Henderson and Rex, 201 1).



1.4. Red wine and its composition

In case of red wines, they are obtained by the alcoholic fermentation of musts in the presence
of the solid parts of the berry - skins and seeds (Ribéreau-Gayon, 2006). The sweetness,
alcohol content, carbon dioxide content, colour, grape variety, fermentation, maturation
process and geographic origin are characteristics that classify the wine as red, white and rosé
(Jackson, 2009). Moreover, wines can be distinguished by the geographic location of vineyards,
variations in the same vineyard, different viticultural practices, winemaking processes and
ageing techniques (Dennis et. al. 2012).

Wine composition depends greatly on grape variety but also on viticulture management that
interferes with grapevine metabolism and on the winemaking processes, namely during
fermentation as a function of the yeasts and bacteria present and their respective metabolisms
(Bejerano and Zapeter 2013; Keyzers and Boss 2010; Boss et al. 2014). This drink remains a
very complex medium and its composition depends both on the grapes‘ components and the
interactions between grapes that occur during wine production (Rosado, 2013). These
interactions may have implications not only in the chemical stability of the wine butalso in the
sensorial stability (Rosado, 2013). However, there are many components that have not been
identified and their contribution to the final product is unknown (Curvelo-Garcia, 1988).

In Table I, there is an average composition of red wine, based on Labruyere et al. (2015).

Table | = Chemical composition of red wine in weight percent. Adapted from Labruyere et al. 2015

Wine
composition (%)

Woater 80.5
Sugars (simple, complex) 0.2
Ethyl alcohol 12
Organic acids (tartaric, 04
malic, citric acid) ’
Minerals (potassium, 02
phosphorus, sulphur) '
Phenols (tannins, pigments) 0.1
Nitrogen 0.03
Esters, aldehydes, higher 003
alcohols )
Non-specified 6.54




1.4.1. Water

Water is the major component of wine and its most organic functional groups are based on
the double covalent bond or on bonds with oxygen, nitrogen and sulphur (Jackson, 2008).
However, water plays a critical role due to its specific characteristics (Genc et al., 2017):

- Establishes the basic characteristics of wine;

- Governs the basic flow characteristics;

- Is a relevant component in many chemical reactions involved in grape growth, juice

fermentation and wine ageing.

1.4.2. Sugars

Sugars are a category of carbohydrates and they can be divided up into simple sugars and
complex sugars. Grape sugar content depends on the species, variety, maturity and health of
the fruit (Jackson, 2008).

Glucose and fructose (Figure 6) are the two main simple sugars in must wine and they are

critical to yeasts’ growth and metabolism (Breinig et al., 2006).

CH,OH
0 CH,0H _.O

OH HO HO
HO OH CH,OH

OH OH

Figure 6 — Structural representation of the most abundant hexoses in the must.
On the left: the glucose; on the right: the fructose.

1.4.2.1. Sugar degradation pathways in yeast

Depending on aerobic oranaerobic conditions, yeasts can degrade sugars using two metabolic
pathways: respiration or alcoholic fermentation, respectively. These two processes begin in

the same way, sharing the common trunk of glycolysis (Jackson, 2009) (Figure 7).
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Figure 7 — Yeast energy metabolism with glycolysis, respiration (blue) and fermentation
(orange) pathways. Source: Flikweert (1999)

Sugars are converted into pyruvic acid during glycolysis in cell cytosol which results in the
production of two molecules of pyruvate and ATP per glucose. When oxygen (O,) is available,
pyruvic acid enters a series of chemical reactions, known as the Krebs cycle or Tricarboxylic
acid (TCA) cycle, and proceeds to the respiratory chain in mitochondria (Alba-Lois and Segal-
Kischinevzky, 2010). As a result of respiration, cells produce 36-38 molecules of ATP for each
molecule of glucose oxidized. When O is limited, pyruvic acid can be converted into ethanol
and carbon dioxide (CO;) through the alcoholic fermentation pathway with yeast
microorganism, such as Saccharomyces cerevisiae (Ribereau-Gayon et al, 2006). In addition,
there is another phenomenon that can be observed in the fermentation process — the
Crabtree effect. The Crabtree effect describes the phenomenon whereby the yeast,
Saccharomyces cerevisiae, produces ethanol in aerobic conditions and high external glucose
concentrations rather than producing biomass via the TCA cycle, the usual process occurring

aerobically in most yeasts (Pfeiffer and Morley, 2014).



1.4.2.2. Reducing sugars

Unfermented sugars, mainly pentose sugars, are collectively named residual sugars and their
content is generally less than 2.0 g/l. Although residual sugars, such arabinose, rhamnose and
xylose, are obviously important to the sweetness of wine, fermentable sugars in grapes are
absolutely essential for fermentation (Ribereau-Gayon et al., 2006). In addition, reducing sugars
interact with other components, such as higher alcohols, fatty acid, esters and aldehydes.
These give different wines much of their aromatic character. These sugars must be controlled
in final process of fermentation and in ageing stage, through routine analysis, because

undesirable bacteria and yeasts can develop and therefore spoil the wine (Jackson, 2008).

1.4.3. Ethyl alcohol

Ethyl alcohol, or ethanol, is one of, alongside with CO, and heat, the final product of alcohol
fermentation due to the fermentation of sugars by yeasts. Ethyl alcohol is a volatile, flammable,
antiseptic, colorless liquid with a slight characteristic odor (Kotz et al., 2017).

The winemaking parameters that increase ethanol production by yeasts are well known, such

as high pH, elevated fermentation temperature, and aeration (Ribereau-Gayon et al., 2006).

1.4.4. Nitrogen

Nitrogen is part of the ammonium cation, of amino acids, of polypeptides and of proteins. The
grape nitrogen concentration depends on variety, rootstock, environment and growing
conditions, especially nitrogen fertilization (Ribereau-Gayon et al., 2006). Nitrogen is needed
for yeast growth in grape must and itaccelerates fermentation in the early stages by increasing
yeast population and improving the quality of cell membranes’ permeability (Ribereau-Gayon
et al., 2006).

However, the extentand frequency of nitrogen deficiencies have been demonstrated in recent
years, due to changes in vineyard management techniques. Therefore, the wineries started
putting nitrogen supply in winemaking process (Jackson, 2008).

Yeasts contain a series of transport molecules in cell membrane responsible for the uptake of
nitrogen sources from the medium and some of which also act as receptors signalling the

10
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vailability of their substrate to the interior of the cell (André, 1995; Holsbeeks et al., 2004).
This receptors allow cells to have a better nitrogen source available, which can be imported
through specific permeases, mainly Mep| and Mep2 for ammonia, Gap | p for arginine and Gnp|

for glutamine (Figure 8) (Garrett, 2008).
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Figure 8 — Majority nitrogen source transporters in yeast. Adapted from Crépin et. al., 2012
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Di-ammonium phosphate (DAP) was the nitrogen supply used in Enclos des Anges winery.
According to Commission Regulation (EC) n°606/2009 the limits on application of DAPislg/l.
Adding nitrogen to musts containing insufficient levels is extremely useful in achieving good
fermentation kinetics and it goes inside of the yeast cells easily (Ribereau-Gayon et al., 2006).
According to Henschke and Jiranek (1992), with different S. cerevisiae strains, temperature

increases nitrogen assimilation.

1.4.5. Organic acids

Most of the energy comes from the assimilation of numerous organic substrates, sugars, amino
acids and organic acids (Jackson, 2008). The four principal organic acids in all winemaking

process are tartaric, malic and lactic acid, depending on malolactic fermentation taking place,



and citric acid. However, the tartaric, malic and citric acids found in grapevine ripening comes
from all parts of the grapevine (Blouin and Guimberteau, 2000).

Oenococcus oeni bacteria have an important role in degrading the malic acid, into lactic acid,
and citric acid which are evidently the source of many organoleptic changes noted in the final
product. However, these bacteria produce acetic acid, which in high quantities can be

undesirable in wine (Ribereau-Gayon et al., 2006).

1.4.5.1. Tartaric acid

The tartaric acid in the grape berry is found in a high amount, compared with other plant
species, in L (+) isomer (Peynaud, 1947, Champanagol 1984, Favarel, 1994). It is a strong acid
that interferes directly with pH and it is resistant to the cell respiration (Rizzon and Sganzerla,
2007). The tartaric acid content in the must ranges from 3-9 g/l, according to the grape variety
and the conditions of grape production, especially the availability of water (Blouin and
Guimberteau, 2000).

The presence of wine residues is usually identified by the presence of tartaric acid residues.
Tartaric acid is metabolized by few microorganisms and it is characteristic of V. vinifera specie,
essentially from pulp grape (Jackson, 2008). During the ageing process, undissolved tartates
crystallize with potassium and calcium and precipitate and this process can be accelerated by
cooling (0°C) and addition of potassium tartate crystals. This partially occurs due to the

conversion of the natural (L form) of tartaric acid to the D isomer (Figure 9) (Jackson, 2008).

OH OH
i_ _COOH COOH
Hooc™ Y Hooc’l“T’
OH OH
L(+) D(-)

Figure 9 — Tartaric acid. On the left: L isomer; On the right: D isomer.



1.4.5.2. Malic Acid

The natural malic acid of the grape is the L (-) isomer (Peynaud, 1947; Champagnol, 1984;
Favarel, 1994). It is one of the most widespread organic acids in nature, predominating in a lot
of fruits (Rizzon and Sganzerla, 2007). It is considered a weak acid and has a low resistance to
oxidative respiration (Rizzon and Sganzerla, 2007). In the grapevine, the synthesis of malic acid
results from a secondary reaction of photosynthesis, occurring mainly in the adult leaves of
the grapevine (Rizzon and Sganzerla, 2007).

Malic acid may constitute about half the total acidity of grapes and wine. Its concentration in
the fruit tends to decrease as grapes mature, especially during hot periods at the end of the
season, unlike tartaric acid (Ribereau-Gayon et al,, 2006).

The transformation of malic acid in lactic acid is the most important phenomenon of the

malolactic fermentation phase by lactic acid bacteria (Figure 10).

Malolactic enzyme
oH > oH + CO;
HO

o OH

L-Malate L-Lactate

Figure 10 — Malolactic fermentation
Adapted from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3669 | 55/figure/F1/

1.4.5.3. Citric acid

The presence of citric acid (Figure | 1) in the vine is small, and found more in the subterranean
roots than in the air. In the roots it appears with the reaction of the carbonates of the soil
with the carbon dioxide, whereas in the aerial parts it arises by the action of enzymes on the

malic acid (Borges, 2008).
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Figure |1 - Citric acid

Certain lactic acid bacteria, such as Lactobacillus plantarum, Lactobacillus casei, Oenococcus oeni
and Leuconostoc mesenteroides, degrade citric acid. Its degradation begins at the same time as
malic acid degradation, but it is much slower. Moreover, the fermentation of citric acid is

enhanced by the presence of phenolic compounds (Rozes et al., 2003).

1.4.6. Minerals

Many mineral elements, such as potassium, phosphorus and sulphur, are found in grapes and
wine and its mineral concentration reflects the uptake characteristics of the rootstock and the
climatic influences on the rate of transpiration (Jackson, 2009). According to Fregoni (1977)
differences in wine quality results from different minerals present in vineyard soils (see

Attachment ).

1.4.7. Phenols

Tannins and anthocyanins pigments (Figure 12) are responsible for the colour of red grapes
and wines and constitute the two most abundant classes of phenolics in the berry skins
(Cheynier et al., 2006).

Both anthocyanins and tannins are partly extracted from grape skins during winemaking and
can undergo structural transformations through many reactions with significant influence on
wine sensory characteristics, as they are involved in astringency, bitterness, color intensity,

and color stability (Fournand et al., 2006).
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Figure 12 — On the left: tannin; On the right: anthocyanins. Source: Jackson, 2008

1.4.8. Esters, aldehydes, higher alcohols (volatile)

Esters, aldehydes and higher alcohols are compounds present in grape berry skin and pulp, in
the form of sugar-bound precursors, and they also come from yeast metabolism (see topic
1.6.2.) (Ribereau-Gayon et al., 2006).

They are classified as aromatic compounds characterizing the wine in its different odor, such

as flowers, fruits, seeds, leaves, woods and roots (Jackson, 2009).

1.5. Red winemaking process

Various approaches can be, and are, taken in consideration in the production of red wine and
many different processes may be used.
According to Antonelli et al. (2010) classic steps in red winemaking are:

- mechanical harvest treatments - crushing, destemming and tank filling;

vatting - primary alcoholic fermentation and maceration;

draining - separation of wine and pomace by dejuicing and pressing;

final fermentations - exhaustion of the last grams of sugar by alcoholic fermentation
and malolactic fermentation.

However, other techniques have been developed and certain operations have changed to
reach a level of automation. Furthermore, other winemaking products can be added within

certain quantities according to laws and regulations.



In Enclos des Anges, the process starts with the grapes’ harvest in September, usually in the
beginning of the month, and it is concluded one and a half year later, usually in March, with
boxes’ storage. The system consists mainly of ten parts, namely the harvesting grapes, the
transport, the reception, the destemmer, the alcoholic fermentation, the malolactic
fermentation, the crush, the ageing tank, the filtration, bottling, labelling and box storage

(Figure 13).
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Biochemical and mechanic operations occur along pre-fermentative, fermentative and post-
fermentative stages.

After the manual harvest, in reception, the grapes are moved with conveyer belt until
destemmer machine where the grapes are separated from the stalks and subsequently broken
to allow for the fermentation of the juice. Alcoholic fermentation occurs while the juice is in
contact with skins for an extended maceration to further develop the wine character. The
separated stalks are the first waste of the process. In the next step, the must goes to an open
tank with temperature control where alcoholic fermentation takes place. Alcoholic
fermentation is initially activated by active dried yeast strains inoculation where yeast primarily
turns the sugar into alcohol, heat and carbon dioxide (CO,). These two final by-products are
emitted to the cellar’s atmosphere. This reaction is exothermic and fermentation must be
carried out under controlled temperature where the optimal range is 25-30°C during 25 days.
Otherwise, in this final stage, the winemakers increase the temperature to extract phenolic
compounds.

The temperature of the must can also be adjusted to enhance or reduce the rate of the
phenolic compounds of the grape-tannins, colouring agents, mainly anthocyanins, and flavour
compounds from the grape skins, seeds and stems into the must. During the alcoholic
fermentation, and depending on the needs of the environment tank, a nutritive complex
(NUTRICELL FINISH) and di-ammonium posphate (DAP) (ENOVIT®) are added.
Furthermore, two processes occur in this stage: pump-over and devatting (see Topic 3.3).
Malolactic fermentation is carried out by lactic acid bacteria that turns the malic acid into the
softer lactic acid with the temperature below 22°C. After first and secondary fermentation
wine is left for a period for maturation with the addition of 2-3g/hl sulphur dioxide (SO). This
compound inhibits wild and spoilage yeasts and unwanted bacteria and helps preventing
oxidation and preserves fruity flavour and freshness in wine. Before ageing period in stainless
steel tanks, the mixture follows the crush and transfer stage in an open pneumatic press by a
must pump and the lees are separated from wine. During this stage the temperature is
controlled, which in the winter is around room temperature without any auxiliary equipment
and in the summer is around 18°C through a cooling system. The tartaric stabilization is
obtained over the 18 month ageing process, the precipitation of the unstable tartaric salts is
considered finished in this lapse of time. Completed the 18 months ageing, the wine production

process ends up with the bottling facility, with wine pumped through a filter for clarifying.



1.6. Wine yeasts

Wine is the product of complex interactions among yeast, bacteria and other fungi that begin
in vineyards and continue with the fermentation process until packaging (Fleet, 2003).
Microbial communities of the grape berry, the winery environmentand the winery equipment
moderate the growth of spoilage and mycotoxigenic fungi and the species and yeast strains
contribute to alcoholic fermentation (Elmaci et al,, 2014; Romano et al., 2003). Some of non-
Saccharomyces species from various microbial communities (such as Hanseniaspora, Candida,
Pichia and Metschnikowia) initiate spontaneous alcoholic fermentation of the juice, but are very
soon overtaken by the growth of Saccharomyces cerevisiae that dominates from the mid to final
stages of the process (Albergaria and Arneborg, 2016) (Figure 14). Saccharomyces cerevisiae is
the main microorganism responsible for the fermentation of wine, due to its resistance to
different hostile factors (Alonso-del-Real et al., 2017; Rosado, 201 3):

- Resistance to high concentrations of sugars and the ability to ferment almost all the

sugars that make up the must;
- Resistance to high concentrations of SO»;
- Resistance to low pH values;

- Resistance to high ethanol contents.

Yeasts phase Bacteria phase
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Saccharomyces Oenococcus

Non-Saccharomyces

Microbial population

-t - - - —- il - - - —
Harvest/must ~ Alcoholicfermentation  Malolactic fermentation ~ Ageing

Stages of winemaking process

Figure 14 — General microbial ecology during winemaking process
Adapted from Osborne and Edwards (2005)



S. cerevisiae is an unicellular fungi belonging to the class Ascomycetes which multiply either
asexually by vegetative multiplication, budding, or sexually by forming ascospores (Skoneczna
et al, 2015). The size of yeasts is 4-8 pym in width and 7-12 pmiin length (Johnston et al., 1979).
The laboratories want to obtain great variety of selected yeast strains for their fermentation
characteristics, adapted to the possible styles of wine, with detail to the aromatic and gustative
profile, working temperatures, nitrogen needs, influence on colour and alcohol yield, among

others (Ribereau-Gayon et al., 2006).

1.6.1. Wine yeast strains

The yeast strains which are involved in winemaking influence fermentation speed, the nature
and quantity of secondary products formed during alcoholic fermentation and the aromatic
characteristics of the wine (Ribereau-Gayon et al., 2006).

The criteria for the selection of yeast strains are based upon the choice of yeasts being able
to improve the quality and consistency of wine (Comi et al., 1997). The selection of yeast
strains depends on their oenological characteristics, such as fermentative rate, tolerance to
alcohol and to SO,, flocculent characteristics, the presence of killer factors, acetic acid
production, H.S production, malic acid metabolism, higher alcohol production, alcohol yield,
glycerol production, acetaldehyde production and thermic tolerance (Barre, 1980; Darriet et
al., 1988; Degre, 1989; Dubourdieu et al, 1988; Duteurtre et al., 1990; Giudici et al., 1993;
Valade and Rinville, 1990; Zambonelli et al., 1994).

There is a multitude of yeast strains and the ability to differentiate between the different strains
of S. cerevisiae is required for the following fields: the ecological study of wild yeasts responsible
for the spontaneous fermentation of grape must; the selection of strains with the best
oenological qualities; production and marketing controls; the verification of the implantation
of selected yeasts used as yeast starter; and the constitution and maintenance of wild or
selected yeast collections (Ribereau-Gayon et al., 2006).

Nevertheless, through the last years, wineries are facing new challenges due to current market
demands and climate change effects on the wine quality (Teixeira et al,, 2013). Different yeast
strains (such as S. cerevisiae and S. cerevisiae var. cerevisiae) can contribute to solve some of

these challenges.



In French Institute of Vine and Wine (2005, 201 1), different oenological characteristics were
studied through two different commercial active dried yeast stains, FERMOL® SUPER 16 and

ICV D80°, in a synthetic media with a potential alcoholic strength of 12% volume (Table 2).

Table 2 - Oenological characteristics of two different commercial active dried yeast stains,
FERMOL® SUPER 16 and ICV D808, in a synthetic media with a potential alcoholic strength of 12%

volume (French Institute of Vine and Wine, 2005, 201 1)

Oenological characteristics FERMOLP Super ICV D80°
16
Saccharomyces Saccharomyces cerevisiae
Strain
cerevisiae var. cerevisiae

Time of latency Medium High
Yeast killer phenotype Sensible Killer
Kinetics of fermentation Fast Fast
Ratio sugar/ethanol 16.3 16.5
Residuals sugars (g/l) I 13
Degradation of malic acid (%) 24 25
Production of volatile acid (g/I

0.25 0.07
H.SO.)
Production of SO, (mg/l) <20 <15
Production of acetaldehyde

27 19

(mg/l)
Production of pyruvic acid (mg/l) 6 I
Production of glycerol (g/l) 9.8 5.9

In both yeast strains, the kinetics of fermentation, ratio sugar/ethanol and degradation of malic
acid had similar results. However, it should be noted that in the residual sugars parameter, the
yeast strain ICV D80® shows a higher measure comparing with FERMOL® SUPER 16 yeast
strain. Furthermore, ICV D80® shows a yeast killer phenotype characteristic with a killer
category and FERMOL® SUPER 16 shows sensitive. Killer yeasts secrete toxic proteins or
glycoproteins that inhibit sensitive cells of the same or other species of yeasts (Breinig, 2006).
Relatively to the kinetics of fermentation, the tracking of the yeast population can be useful to

monitor and control fermentations.
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1.6.2. Biotransformation by yeasts

During alcoholic fermentation carried out by yeasts, glucose and fructose are
transformed/metabolised into various products, mainly alcohols, and other secondary
products like polyols, fat acids, organic acids and many volatile compounds (Moreira, 2015).
These molecules, mainly formed from precursors, such as volatile alcohols, esters, acids,
terpenes and carbonyl compounds, already present in the grape berry, can undergo
transformation and change wine characteristics and complexity perception (Figure 15) (Ebeler
and Thorngate 2009; Robinson et al., 2014).

However, the ability of yeasts’ derivates to affect wine flavour and aroma is related to four
main properties: the ability of yeast walls to bind aroma molecules, their characteristic of
flavour enhancers, the ability of yeast macromolecules and colloids to affect the volatility of
wine aroma, and the release of volatile compounds into the wine (Lubbers et al., 1994; Dziezak,

1994; Chalier et al., 2007; Pozo-Bayon et al., 2009; Comuzzo et al., 2006, 201 |).

GRAPE MUST
Precursor/Non-precursor

. Nutrients
flavour-active compounds

non-volatile
volatile & precursor compounds minerals

non-volatile '
(eg glycosides & : 2 2
compounds  cysteine conjugates) phenolics Sugar N 0,S P vitamins

Biotransformation

reacpions
J— [

é—-‘>—izmgmmm

v v v

non-modified (free) volatile modified pigments Ethanol esters H,S polymers

volatile & compounds & tannins - alcohols thiols
non-volatile (eg monoterpenes CO2 carbonyls
compounds & thiols) fatty acids
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Varietal character Mouth-feel ‘Fermentation bouquet’
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Figure 15 — Main chemical compounds of grape must and wine that suffer
biotransformation. Adapted from Bell and Henscheke, 2005
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Grape must potential, can be divided, into:
- Precursor or non-precursor flavour-active compounds: volatile and non-volatile
compounds, non-volatile precursor compounds and phenolics;
- Nutrients: sugar, nitrogen, oxygen, sulphur, potassium, minerals and vitamins.
Several biotransformation reactions during fermentation occur in grape must with numerous
enzymes and metabolites in the juice. So, the wine acquires the following potential:
- Varietal character: non-modified volatile and non-volatile compounds and free volatile
compounds;
- Appearance mouth-feel: modified pigments and tannins;
- “Fermentation bouquet”: ethanol, CO,, esters, alcohols, carbonyls, fatty acids, polyols,

acids, thiols, polymers.

1.7. Fermentations

1.7.1.  Alcoholic Fermentation (AF)

After glycolysis, when oxygen levels are very low, alcoholic fermentation takes place (Goold
et al., 2017). Pyruvic acid subsequently may be decarboxylated to acetaldehyde, which is
reduced to ethanol by the transfer of electrons from NADH (see Figure 7, topic 1.4.2.1.)
(Jackson, 2008).

Wine is usually batch-fermented, so the nutrient availability is maximal at the beginning of
fermentation, and declines progressively thereafter (Diaz-Montano, 2013). By the end of
fermentation, most sugars have been metabolized, leaving the wine “dry” (Rodriguez-Porrata
et al., 2008). In kinetics fermentation, the batch fermentations generally show a growth pattern

consisting of four phases — lag, log, stationary and decline (El-Mansi et al., 2012) (Figure 16).
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Figure 16 — Kinetics fermentation

Following dry yeast inoculation, cells need to adjust to the new environment and some cells
do not acclimate successfully. In this initial period, the number of new cells produced
approximates the number that die - lag phase. Once adaptation is complete, most cells begin
to multiply at a steady rate, until conditions become unfavourable. As well as most
microorganisms are unicellular, the growth curve approximates an exponential equation, and
the phase is correspondingly called the exponential or log (logarithmic) phase. During this
period, the population of viable cells rapidly increases to its maximum value. As the nutrient
content falls, toxic metabolic by-products accumulate. Thus, after a period of rapid growth,
the rate of cell division declines and approaches the rate at which cells die or become
metabolically inactive - stationary phase. As nutrient conditions continue to deteriorate and
the concentration of toxic metabolites keeps increasing, more cells die than divide (Jackson,
2008). According to Jin et al. (2012), the culture enters a decline phase at this point, because
most viable cells are not replaced, the colony eventually perishes or becomes dormant.
From a winemaking point of view, the lag phase is short or undetectable and may result from
the preadapted state of the cells initiating fermentation. The exponential growth and the
stationary phase is relatively short and the last phase mentioned may be short and start before
nutrients become limiting. As much as 40% of the sugar metabolized to alcohol may occur
during the decline phase (Ribéreau-Gayon et. al., 2006).

Excessive temperatures, sugar concentrations, nutritional deficiencies and inhibition
phenomena can provoke sluggish or stuck fermentations. So, there are several oenological

products that winemakers add to control the fermentation process (Jackson, 2009).
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After completing alcoholic fermentation, wine may be treated to foster a second fermentation

— the malolactic fermentation. Malolactic fermentation is particularly valuable in cool climatic

situations, where a reduction in acidity ameliorates the wine’s taste characteristics (Jackson,
2008).

1.7.2. Malolactic fermentation (MLF)

The malolactic reaction takes place at the interior of the lactic acid bacteria, mainly Oenococcus
oeni (Jackson, 2008). It is a biological process of wine in which the dicarboxylic L-malic acid,
or malate, is converted into the monocarboxylic L-lactic acid, or lactate, and carbon dioxide
(Figure 17) (Davis et al. 1985). Oenococcus oeni is the preferred species used to conduct MLF

due to its acid tolerance and flavour profile produced (Liu, 2002).
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Figure 17 — Malolactic fermentation process (Pessione et al., 2010)

The decarboxylation of malic acid is performed either by means of the malolactic enzyme with
Mn** and NAD" binding domain, that catalyses one step reaction or through the malic enzyme
which produces an intermediate compound, pyruvate, which is then reduced to lactate

(Denayrolles et al., 1994; Lonvaud-Funel, 1999).
MLF also makes excessively acidic wines more acceptable to the human palate and may

improve microbial stability by removing residual fermentable substrates (Jackson, 2008).
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1.8. Sensory evaluation

Beyond physico-chemical and microbiological analysis, sensorial analysis is also applicable.
Sensory tests are made in the characterization and evaluation of food and drinks, but also in
other fields such as environmental odours, personal hygiene products, diagnosis of illnesses
and testing of pure chemicals (Meilgaard et al., 2006).

Tasting wine has always been a part of the standard operations of a winery and its techniques
are applicable in quality control, product and market development and research (Stone et al.,
2012).

Sensory evaluation is a scientific discipline used to evoke, measure, analyse, and interpret
reactions to stimuli perceived through the senses (Stone et al, 2012). Sensory tests are
conducted according to protocols minimizing physiological and psychological biases that could
affect the sensory response of the sensory panellists (Lawless and Heymann, 1998).

There are several techniques and methods of sensory evaluation, however the preference
mapping and triangular techniques are mainly used in wineries.

Preference mapping is a technique that can be used to explore relationships between
competitive products in a given category and to group consumers who have similar tasting
patterns (Lesschaeve, 2007). This technique has been used to study consumer preferences and
when there are many products (Meilgaard et al., 2006).

In the triangular procedure, two samples are known to be alike and the third different and
judges would be asked to pick the odd sample from among the three. This test is a scientific
method with many uses in sensory evaluation such as the gauging if an overall difference is
present between two products and determining whether modifications in processing or

ingredients added have significantly changed a product or not (Amerine et al,, 1965).

1.9. Food safety and wine

Nowadays, food safety represents an absolute priority and the wine makers should be able to
ensure this because wine is vulnerable to hazards and has a potential to cause adverse health
effects.

Due to the efficacy of the Hazard Analysis Critical Control Point (HACCP) system to
guarantee food safety and, at the same time, product quality, the world wine industry also

applies, or should apply, this methodology. Wine, like any other food product, can be
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contaminated with substances harmful to health during its production, processing, bottling,
storage, transportation and distribution. Therefore, throughout the production chain, strict
health standards should be respected and they must be permanently implemented.

In Enclos des Anges, the HACCP is not applied, but all hygiene techniques and general hygiene
are respected. However, the winemakers of Enclos des Anges have knowledge and skills to
intercede and put corrective measures in case of hazard situations.

The most efficient way of evaluating wine evolution is through physical-chemical, sensory and
microbiological analyses. However, in a traditional cellar wine situation, there are many
parameters that winemaker can easily control, such as the temperature, pH and SO,.

During the whole winemaking process, the temperature should be respected and wine
conditions should not be favourable to the spoilage of bacteria and yeast.

The addition of SO, is traditionally considered as an efficient method to protect and preserve
the wine at different stages of its production. However, this component has a limit dosage for
each type of wine, in case of dry red wines with <5 g/l of sugarsis 150 mg/L by the Commission
Regulation (EC) n°606/2009. Despite the fundamental reactions outlined above, in high
concentrations, sulphur dioxide is well known as a poisonous and allergenic substance (LDso:
0.7-2.5 mg/kg body weight depending on animal species; maximum daily intake: 0.7 mg/kg b.w.),
and for this reason it could have a strong impact on the perception of the consumers as
regards human health, such as warning “contains sulphites” found on the large majority of wine
bottles (Figure 18) (Ribereau-Gayon et al, 2006; Zironi et al, 2006). Pregnant women's
exposure to a SO, might affect the normal processes that take place in her child as it grows
and such adverse effects might include a child with learning deficits or problems in social

behaviour (Agency for Toxic Substances and Disease Registry, 1998).

Corse Calvi

e Appellation d’Origine Protégée
= 2014

E Richard Spurr Vigneron

=2 GAEC Enclos des Anges a Calvi
S Mis en Bouteille 4 la Propriété

13,5% vol. 75cl

Figure 18 — Enclos des Anges red wine label
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In order to be commercialized within the European Union (EU), wine intended for human
consumption is subject to certain presentation and labelling requirements which aim to protect
the interests of consumers and producers.

In wine bottle there are compulsory particulars and optional particulars mentions in label. The

compulsory mentions for wine are (Commission Regulation (EC) n° 1308/2013 and n°

607/2009):

the designation for the category of the grapevine product;

- protected designation of origin or a protected geographical indication;

- the actual alcoholic strength by volume;

- anindication of provenance;

- an indication of the bottler;

- anindication of the importer in the case of imported wines;

- Declaration of the content of allergenic ingredients.
The vintage year is optional, however the net quantity shall be expressed in units of volume in
the case of liquid products (Commission Regulation (EC) n°1169/201 I).
The Enclos des Anges company label follow the European Union laws with criteria of Corsica
regulations.
However, before labelling and checking the labels, the wine goes through an ageing process
where it is important to be controlled. Acetobacter bacteria could develop in it and makes the
wine vinegar. Winemakers must take into account the development of this microorganism and

prevent it from being a potential hazard.
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2. Objectives

The aim of this work was to test the effect of two dried commercial yeast strains, ICY D80°®
and FERMOL® SUPER 16, in chemical, fermentative process and quality perspective in Enclos
des Anges Syrah red wine from the same harvest. This study was performed in different stages
of winemaking process: before, during and after fermentations.
In the ageing stage, the two wine samples experimented different situations:

- Routine analysis: performed in the department of the food processing chemistry of the

|St

Departmental Laboratory of Analyses of Haute-Corse in Bastia on 31* January 2017;
- Reference analysis: performed in the Institute for Higher Education in Vine and Wine

Sciences in Montpellier from 27 February till 3™ March 2017.

To accomplish this, two questions are addressed:
- Do the two dried commercial yeast strains produce two different wines, in a chemical
and sensorial perspectives?

- Are the two dried commercial yeast strains different in winemaking process?
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3. Materials and Methods

3.1. Cultivation conditions and pre-fermentative stage

In Enclos des Anges the Syrah field has an area of 3 hectares with 4044 grapevines per hectare
(Figure 19).

Syrah 110 R

Niellucciu
" _ Syrah 140 RU
renache

Sciacarello

Google Earth

Datajdas imagens: 27/10/2016  42°31'43.66"N  8°46,30.72"E elev. 86.m , ‘altitude de visualizagdo 466 m

Figure 19 - Syrah field of Enclos des Anges company. Adapted from Google Earth

Gobelet is the grapevine growing technique and this technique accomplishes many objectives,
such as the exposure of leaf area to maximize the interception of light, the optimization of the
leaf area to fruit ratio and the best disease control (Reynolds and Heuvel, 2009). Furthermore,
the grapevines were planted in 2008 (Figure 20), using a R110 rootstock at 2.75m spacing

between rows and 0.9m distance between individual vines.

32



Figure 20 — Syrah grapevine in 2008

Source: Marjorie Spurr

In addition, the Syrah clone 300 grapevines were selected according to its agronomic

characteristics and quality wines produced (Table 3). This clone presents moderate levels of

blight symptoms and has increased upright growth (INRA-IFV-Montpellier SupAgro, 2017).

Table 3 = Agronomic and quality characteristics of clone 300 Syrah grapevine (INRA-IFV-
Montpellier SupAgro, 2017)

Parameters Clone 300

o o

g Weight of grape ]

XY bunches ow

£ - -

g Size of berries Low

go Production level Medium

- ¢ .
Sensitivity to Botrytis Medium

Sugar content Medium to high

'g < Potential colour Medium

C o N

-§ _«g Tannic structure Medium

e - -
Oenological aptitude Round wines with good

olfactory intensity

Furthermore, relatively to the technical parameter, clone 300 has a medium character in

potential colour and tannic structure.
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Considering the soil, its composition has about a pH value of 6.9 and the majority oligo-

elements are magnesium and iron (see Attachment ).

Moreover, the winemaker put the organic fertilizer, OvinAlp MV 100, in winter season of 2015
to fertilize the soil and improve the development of grape vines. Additionally, the product with
complex microelements, Brexil Duo from Valagro, was putin Syrah field to improve the humus
of the soil, to prevent the medium and low deficit and to stimulate the growth leafs. This
product was applied in three different times: before anthesis (around January 2016) and after
anthesis (in March and in July 2016).

The temperature is another important factor and the average temperature in France and
North of Corsica can be compared in Figure 21. As showed the average temperature of North

Corsica is lower than in France average temperature.
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Figure 21 - France temperature average and north Corsica’s temperature from October 2015 till
September 2016. Adapted from Linternaute, 2015 and 2016

The rainfall was notintense in winter, spring and summer seasons in north Corsica comparing

with France national average (Figure 22).
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Figure 22 — France rainfalls average and north Corsica’s rainfalls from autumn
2015 till summer 2016. Adapted from Linternaute, 2015 and 2016

After the maturation process of grape berries the harvest was performed in September 201 6.
All the harvested product was brought to Enclos des Anges company to initiate the winemaking

pre-fermentative process, as described in topic 1.5.

3.2. Before fermentation

Before fermentation, several analysis were performed, namely the potential alcohol content
(PAC), pH, temperature, and total acid (TA).
Two hundred of Syrah grape berries were collected and measured in balance model from
BALCO Sartorius (Germany). Then, the must was manually obtained through crushing and the
weight of the must and the solid parts of grape berries, like the seeds and skins, was also
measured.
The PAC was determinated with hand refractometer, model from ALLA (France) (Figure 23).
This equipment is important to track grape maturation and measure the sugar content of
grapes (Son et al., 2009).
This refractometer contains two measures, the potential alcohol concentration in percent by
volume and apparent density. However, just the PAC value was used in this study, because it
is not always possible to obtain a representative grape or must sample for analysis with hand
refractometer, due to (Ribereau-Gayon et al. 2006):

- these measurements are affected by other substances released into the sample from

the grape and other sources;
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- the concentrations of these substances are different for every grape or grape must
sample;
- the conversion rate of sugar into alcohol varies and depends on fermentation
conditions and yeast properties.
This apparatus was calibrated with deionized water at 20°C before using the must sample.
After the must sample is placed on the surface, the natural light passes through the sample,

entered the measuring prism and falls on the measuring scale where it can be read.

illuminator flap with calibration bimetallic
) scale
matted surface screw strip |
\ / ."f /
/ |
\ Y / I [
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'

/ \
/ \
sample measuring shadow boundary
prism and graduation
seen through
the eyepiece E

Figure 23 — Hand refractometer with Baume scale.
Adapted from Harris (2005)

Relative to the pH and temperature, these parameters were analysed with the kit pH7

Portable/pH Meter, model from XS Instruments (ltaly) (Figure 24).

Figure 24 - pH 7 Portable/pH Meter
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The must was put into flask and the temperature and pH were measured with an electrode,

model from XS Sensor (Italy), following the instructions of the equipment.

Finally, the total acidity was measured. This was measured by a titration method using a sodium
hydroxide (0.IN) solution from Laboratoire Dujardin-Salleron (France) as titrant with 1/10mL
burette support, model from COREX (USA). Before the titration, three drops of

bromophenol blue with 10ml of must were added to the flask.

3.3. During alcoholic fermentation

During this process, different procedures were used, such as:
- Addition of dried yeasts, nutritive complex and di-ammonium phosphate (DAP);

- Oenological techniques: pump-over, devatting, heat and stirring lees.

ICV D80® (Institute Coopératif du Vin D80®) and FERMOL® SUPER 16 (SPINDAL SARL)
commercial yeast strains were added in each tank LAINOX with an amount of approximately
20g/| (see Attachments 6, 7 and 8). The tanks are made of stainless steel material (n. 304) with
a cooling jacket and a polished interior surface. The capacity of the studied tanks are 5.200

litres which correspond to 7.5 tons of grape berries (Figure 25).

Figure 25 — Wine tanks and pump-over machine in Enclos des Anges company
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The nutritive complex added, the NUTRICELL FINISH, contain yeast autolysates with a high
amount of amino acids and yeast cell envelopes that are very useful for the treatment of stuck
fermentation (see Attachment 3). It has the purpose of reactivating alcoholic fermentation in
the event of difficult conditions, such as nutrient deficiency, high clarification and high alcohol
levels.

Relatively to DAP added, the ENOVIT® (SPINDAL SARL) is a yeast development activator in
the fermentative phase and contains 70% ammonium sulphate, 19.8% diamonnium phosphate,
0% chemical inert filter aid and 0.2% vitamin Bl (see Attachments 4 and 5).

In both oenological products, the quantities added followed the recommended doses (see
Attachment 3 and 4).

About oenological techniques, the pump-over, also known as remontage, is the process of
pumping red wine up from the bottom of the tank and splashing it over the top of the
fermenting must. The purpose is to submerge the skins so that CO: is pushed to the surface
of the must and released. In addition, the devatting process, also known as déléstage, is the
oxidative winemaking process in which, after the cap of grape must, skins, seeds and stems
forms on the top of a tank of fermenting wine, the wine is drained through a valve at the base
of the tank into another tank and reserved while the remaining solids are allowed to drain for
a few hours. The reserved wine is then pumped back into the original tank over the top of the
drained skins, seeds and stems. As punch down and pumps over, the purpose of devatting is
to increase the extraction of colour, flavour, tannins and aromas from the solids, as well as
aerate the fermenting wine.

The pump-over process was used in most of the days during fermentation and the stirring lees
were removed in the last pump-over practiced. In the last day of alcoholic fermentation, the
electric heater cane was used inside of tanks to extract easily the phenolic compounds.
Furthermore, temperature and volumetric mass in two tanks was monitored daily at the same
time. The two tanks have a thermometer LAINOX incorporated and the temperature was
taken from the screen of the thermometer. Moreover, the volumetric mass was measured

using the mustimeter of Dujardin-Salleron in an average temperature of 20°C (Figure 26).
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Figure 26 — Mustimeter of Dujardin-Salleron

In addition, winemakers request many routine analyses to the laboratory and they taste the

wine frequently to check tannins and aromas and to make sensorial analysis.

3.4. After fermentations

Routine and reference analyses were performed in this study in different phases:
- Routine analyses were performed in the department of the food processing chemistry
of the Departmental Laboratory of Analyses of Haute-Corse in Bastia on 31* January
2017;
- Reference analyses were performed in the Institute for Higher Education in Vine and
Wine Sciences in Montpellier from 27" February till 3 March 2017.
The routine and reference methods were performed after three and four months after the

beginning of ageing stage, respectively.

3.4.1. Routine analysis methods

All of the routine analyses were performed on a Fourier Transform Infrared Spectroscopy
(FTIR), FTIR AVATAR 370, model from Thermo-Nicolet, with BACCHUS Acquisition Software
and sample display M.S.U. Cetim (France).

The spectroscopic, spectrophotometric and separate methods are considered to be the
simplest and therefore widely used for carrying out wine samples (Correia, 201 1). They are

widely used in areas of production and quality control in several industries, such as
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pharmaceutical, food, textile or petrochemical industry (Correia, 201 1). FTIR allows a rapid
and reproducible multi-parameter analysis with little or no need for sample preparation, being
a robust, rapid and easy technique (Versari et al. 2010; Moreira and Barros, 2002).

The infrared (IR) spectrum is produced by recording changes in absorption of IR radiation by
molecules, which undergo mechanical motions, mainly vibrational and rotational modes, due
to the absorption of energy (Diem, 1993; Guillen and Cabo, 1997).

FTIR uses interferometric modulation of radiation to measure multiple frequencies
simultaneously, producing an interferogram that is recalculated using complex algorithms to
give the original spectrum (Figure 27) (Rodriguez-Saona and Allendorf, 2011). The
interferometer has an internal reference laser, the frequency of which is known accurately,

making it an internal calibration standard of wavelength (Bauer et. al., 2008).
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Figure 27 - FTIR spectrometer. Adapted from Frederico, 2010

The Bacchus Acquisition System (Figure 28) was the analyser based on FTIR spectroscopy,
allowing the quantification of essential routine wine parameters, such as PAC, reducing sugars,
total acid, volatile acid, pH, free SO,, total SO,, malic acid and lactic acid. This system can
analyse samples and adjust parameters, in function of each sample. Results can be read directly
on a screen, which allows the selection and optimization of different calibrations and these are
easily manageable. Equipment maintenance, such as washing program, and a robotics test are

integrated (Correia, 201 1).
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Figure 28 - FTIR equipment and test tubes with wine
samples in test tubes support

The ICV D80°® and FERMOL® SUPER |6 samples were prepared in test tubes and they were
put in test tubes support, after calibration of the instrument for various compounds. These

samples can simultaneously titrate the referred compounds from the wine samples.

3.4.2. Reference analysis methods

The reference analyses were performed following the Compendium of International Methods
of Analysis of Wines and Musts from International Organisation of Vine and Wine edition
2017, which is a reference of scientific, legal and practical interest. The Compendium’s
distinguished role in the standardisation of methods of analysis helps to facilitate international
trade.

The analyses were performed in the oenological laboratory and all the reagents were prepared
by laboratory technician previously. These were executed in triplicate for each parameter.
Lastly, the determination of tartaric, malic and lactic acids were made by chromatography

paper analysis following an intern method.
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3.4.2.1. Alcohol strength (AS)

The alcoholic strength by volume is the number of liters of ethanol contained in 100 liters of
wine, both volumes being measured at a temperature of 20°C. This analyse was performed

with the method of obtaining distillate and it is expressed by the symbol % vol (OIV, 2017a).

3.4.2.2. Reducing sugars

Usually, the reducing sugars are detected by as dilution of the sample, in order to decrease
the quantity of sugar. In this case, wine is considered dry, so the amount of sugar is low (<5
g/l) and there is not necessary to dilute the sample.

The quantity of sugar, expressed as invert sugar, contained in the sample is given in the Table
4 as a function of the volume of sodium thiosulfate used, obtained by the method OIV-MA-
AS311-01A (OlV, 2017a). This volume was acquired from titration of the sample.

According to OIV (2017a) the sugar content of the wine must be expressed in grams of invert
sugar per liter to one decimal place, account being taken of the dilution made during

clarification and of the volume of the test sample.

Table 4 - Table giving the relationship between the volume of sodium thiosulfate solution and the
quantity of reducing sugar in mg. Adapted from OIV (2017a)

Na:50; Reducing
(ml 0.1M) sugars (mg)
[ 2.4
4.8
7.2
9.7
12.2
14.7
17.2
19.8
22.4
25.0

O 0O N o Ui A W N

)
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3.4.2.3. Total acidity (TA)

According to OIV (2017a) the total acidity of the wine is the sum of its titratable acidities,
mainly tartaric, malic and citric acids, when it is titrated to pH 7 against a standard alkaline
solution.

During the titre, the bromothymol blue was used as indicator and the titre was completed
with an end-point colour standard.

The total acidity is expressed in grams of sulfuric acid (H.SOx) per liter and is given by the
volume of H,SOs (A), though the formula TA =0.049 x n, where n isA x 10, following method
OIV-MA-AS313-01 (OlV, 2017a).

3.4.2.4. Volatile acidity (VA)

This analysis is derived from the acids of the acetic series presentin wine in the free state and
combined as salts (OIV, 2017a). A small amount of acetic acid results from alcoholic
fermentation of sugars (Correia, 201 1).

The volatile acidity in grams of sulphuric acid (H.SO4) per liter is given by the formula VA =
0.245 (n — 0.1 n'—=0.05 n"), where n is the volume of sodium hydroxide and n’ and n” is the
volume of iodine. These volumes were obtained in three distinct titrations, following the

method OIV-MA-AS313-02 (OIV, 2017a).

3.4.2.5. pH

The volume of pH was obtained with one electrode from pH Fisher Scientific Bioblock
(France). Afterthe calibration of the pH apparatus from Inolab WTW (Germany) (Figure 29),
the ICV D80® and FERMOL® SUPER |6 wine samples were measured.
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Figure 29 — pH apparatus in hotte with temperature control

3.4.2.6. Free SO,

According to OIV (2017b), free sulphur dioxide is defined as the sulphur dioxide present in
the must or wine, as its molecular form (SO2) and ionic form (HSOs") considering the pH and
the temperature constant (equation |). This method was described by Franz Paul (Figure 30),

following the method OIV-MA-AS323-04A (OlV, 2017b).

Equation I: H,SO; & H" + HSOs'

Figure 30 — SO, determination by Franz Paul Method
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3.4.2.7. Total SO,

The total SO, is defined as the total of all the various forms of sulphur dioxide presentin wine,
either in the free state or combined with other constituents (Figure 31) (OIV, 2017b).

The analysis’ method of this component is similar of free SO,, however sulphur dioxide is
purged from the wine by entrainment at high temperature, which is approximately 100 °C,

following the method OIV-MA-AS323-04A (OIV, 2017b).

Molecular SO,

€ Total SO, >
a b
- t+ /
- $ Combined SO, with f' Combined f//
others substances :; SO, with ;,’
5 ethanol /
< FreeSO, — > € Combined SO, >

Legend: a - the boundary between the molecular form and bisulphite; b - the boundary between the
free and combined fractions with other compounds; c - the boundary between the fraction combined

with ethanol and the fraction combined with other compounds.

Figure 31 - Interaction between the different components of SO,.
Adapted from Ribéreau-Gayon et al., 2006
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4. Results and Discussion

4.1. Before fermentation

Table 5 represents some monitoring analysis of Syrah grape berry before fermentation in Enclos des Anges.

Table 5 = Monitoring analysis of Syrah grape berry in Enclos des Anges company

Weight of 200 Weight of must from Weight of solid parts from PAC TA (gl/l H Temperature
grape berries (g) 200 grape berries (g) 200 grape berries (g) (%Vol) | H.SO,) P (°C)
Syrah
263.5 76.2 181.9 14.2 3.53 3.70 26.7
grapevine

The three weight measures, grape berries, must and solid parts, had the aim to prepare the winery, to calculate the number of tanks needed. It can
also give information to the commercial company area, mainly to assess whether is possible to produce more rosé wine. This measure indicates how
much water the berries have and whether there are ripe or not. Therefore, it is possible to extrapolate the final quantity of wine that can be obtained.
The data of PAC was performed from refractometer and this measure was based on the proportional diffraction of light by the sugar in grape juice
(see Figure 23, topic 3.2). Yeasts need 16.8 g/l of sugar to produce |% alcohol vol. and for Syrah grapevine clone 300R with Enclos des Anges viticulture
techniques, the PAC was 14.2% vol. This value is estimated because it is based in a small sample, which cannot reflect the entire harvest.

Total acidity was controlled in order to access its evolution before and after fermentations and its value is expected to low after fermentations,

according to Silva et al. (2003).
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This organic acids, detected in TA, affect directly the pH and they are essential mainly for
stabilization of colour, because the increase of pH causes the discoloration of anthocyanins
(Rosado, 2013). The 3.7 pH value prevents microbial contamination in grape berries and it
was in the allowed range of 2.80 and 3.90, according to Cardoso et al. (2005).

The temperature influences many chemical reactions and the pH. The value of temperature
26.7°C, which is higher than environmental temperature (= 25°C), can enhance fruit

maturation, acid metabolism and a rise in pH juice (Jackson, 2008).

4.2. During alcoholic fermentation

The Figure 32 represents the monitoring of alcoholic fermentation following volumetric mass
and temperature parameters, for a period of 25 days, in two different yeast studied, the ICV

D80® and FERMOL® SUPER 6. The days of addition of ENOVIT® and NUTRICELL FINISH

are also represented.

Volumetric mass and temperature control
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Figure 32 — Monitoring alcoholic fermentation following volumetric mass and temperature
parameters, for a period of 25 days, in two different yeast strains, the ICV D80® and FERMOL®
SUPER 16. The ENOVIT® and NUTRICELL FINISH products were added in four different times

49



In both tanks tested, ICVY D80® and FERMOL® SUPER 16, the temperature and volumetric
mass results obtained were similar (Figure 32). During all AF, various oenological techniques
were applied, such as pump-over, devatting and stirring lees. However, these techniques were
done more often since the 10™ day of AF.

In the first day, the yeasts were put in the two tanks. After this and in the following day, the
mixture was homogenized which allowed the inoculation and multiplication of the yeasts. In
this phase, there is not a significant consumption of sugar, so the values of volumetric mass
remain approximately the same. In third day, the bio-activator nitrogen-vitamin rich in nutritive
elements and development growth factors that stimulate the biological activity of yeasts, the
ENOVIT® oenological product, was added. It also contains vitamin Bl vitamin that allows a
balance in the fermentation, in order to ensure yeast growth and good fermentation kinetics.
From that day, the sugar began to be consumed by yeasts in a quick way, according to the
study carried out by IFV (see Table 2, topic 1.6.1). This product was also added in the 7" and
9" days of fermentation, with the same purpose above described. The sugar quantity has
decreased along days, because the substrate becomes limiting. Both yeast strains had a similar
behaviour, however, FERMOL® SUPER 6 yeast strain had a faster sugar consumption than
ICV D80°® yeast strain. This may correspond to the latency time, because ICV D80°® has a
latency time higher than FERMOL® SUPER 16.

On the eighth day of fermentation, the NUTRICELL FINISH oenological product was added
to resynthesize sugar transport proteins and thus stimulate alcoholic fermentation. This
nutritive complex was put into fermenting tanks to make sure that all sugar is fermented and
to prevent stuck fermentation in the next stages.

In addition, fermentation continued slowly after the 10" day, which may indicate that there
was less sugar substrate to consume, according to the values of volumetric mass that are
almost stabilised. This values range between 1003 and 991 for FERMOL® SUPER 16 strain and
between 1008 and 991 for ICV D80 strain. The high amount of ethanol molecules present in

the mixture can also influence the decrease fermentation rate.
The temperature was not homogeneous in the tanks, so this measure was controlled after

pump-over or devatting process, to ensure a more accurate measure, because the must was

homogenised.
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Till the 4™ day, the temperature rised in both tanks due to multiplication of yeasts and an
increase fermentation activity which resulted in a release of high quantities of by products,
mainly heat.

After this, till the 23™ day, the temperature seemed to be the same along time because sugar
levels decrease which can lead to a low fermentation activity and therefore a less release of
heat. However, between the 18" and 20* days, it can be detected a small temperature variation
in both tanks. It may be explained by environmental conditions or a human error because it
occurred in both tanks.

In the final stages of AF, from the 23" till 25" days, the temperature was increased with heater
apparatus following winemaker techniques, reaching around 40°C. This rise of temperature
had the aim to extract certain compounds, such as polyphenols from the skins of the wine,
which are good for ageing stage.

Comparing both yeast strains, the FERMOL® SUPER |6 showed high values of temperature in
first days of AF, which indicates that this strain has a slightly higher fermentation activity than
ICV D80°.

Both tanks finished AF with 991 of volumetric mass with high temperature with 38°C for ICV
D80® and 42°C for FERMOL® SUPER 16.
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4.3. After Fermentations

Table 6 represents the analysis obtained by routine and reference methods of the two Syrah wines with different yeast strains.

Table 6 — Analysis of the two Syrah wines with different yeast strains, ICV D80® and FERMOL® SUPER |6, performed by routine and reference methods.
* reducing sugars value correspond to the ml of 0.1M Na;S;0O; from Table 4
** malic and lactic acid analysis were not performed by reference method

Reducing Malic | Lactic
AS TA VA Free SO, Total SO,
(% Vol) Sugars (g/1 H:SO.) | (g/1 H.SO.) PH (mgll) (mgll) Acid | Acid
% Vo g/l H:SO.) | (g/l H.SO., mg mg
(g) (g | (g
Routine

ICV D80® 15.50 2.10 3.30 0.40 3.36 18.00 70.00 0.00 1.40

Reference | |502+0.12| 2.40% 3.30+0.01 0.33+0.03 | 3.50+0.03 | 20.05+0.81 | 72.00+2.12 ok ok

FERMOL®| Routine 16.00 2.00 3.31 0.55 3.40 22.00 73.00 0.00 1.50

SUPER
6 Reference | |572+0.06| 2.40* 3.38+0.00 0.61+£0.02 | 3.44+0.02 | 21.33+1.33 | 74.93+2.01 ok ok

4.3.1. Routine vs reference methods

It should be noted that both analysis were executed with different previous conditions. Considering routine analysis, the time between samples were
collected and arrived to the departmental laboratory took 2 hours, which did not interfere so much with the sample. Relatively to the reference

analysis, there were 36 hours between the collection of the sample and the arrival at the laboratory of IHEV. Moreover, the sample was subject to

temperature and pressure variation as it travelled by air, which may interfere slightly with it.
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In the two cases, the samples were transported in a wine glass bottle, each one of 75 cl. In
reference methods, the malic and lactic acid analysis could not be performed accurately, but
the chromatography paper with lactic and malic acid analysis was performed in order to verify
the presence of both organic acids.

Data presented on Table 6 of reference methods are the mean and standard deviation of three
successive analysis. Therefore, the values of this method are considered more robust and
accurate, butit should be taken in account that the time between the collection of the samples
and laboratory tests may have influenced them. In routine analysis, performed by FTIR
spectrophotometry, the laboratory did not perform the duplicate or triplicate sample unless
the laboratory technique found an anomaly or an error in the results.

In both samples tested, all parameters were the result of yeast and bacterial biotransformation,
except the two parameters of SO, that corresponded mainly to the addition by the winemaker.
The values obtained for ICVY D80® and FERMOL® SUPER 16, in both methodologies were
similar, because each parameter of routine method is in the range or very close of reference

methods.

4.3.2. ICV D80°® vs FERMOL® SUPER 16 yeast strains

The value of alcohol strength after fermentation must be constant along time. Relatively to
the AS analysis, the yeast strain FERMOL® SUPER 16 obtained a higher value in both
methodologies comparatively to the other ICV D80° strain. According to IFV (2005 and 201 1),
FERMOL® SUPER 16 strain has a PAC of 17% vol., whereas ICV D80® strain hasa PAC of 16%
vol., which can explain the values obtained for each strain.

However, the strains studied demonstrated good alcohol production. This may be related to
the high concentration of sugars in the Syrah grape berries, as well as high volumetric mass,
which led to higher values of ethanol by biotransformation of yeast. This may be related also
with the type of grape vine clone (Table 3, topic 3.1), where it is stated that it has medium/high
values of sugars content.

After the fermentations, the sugar content is very low and is not sufficient to allow the
microbial growth in sufficient quantities to change the alcoholic degree, and the addition of
SO; after fermentations makes it even more difficult to increase this content. According to
OIV (201 6a), the actual alcohol content of wine should not be less than 8.5% vol. Nevertheless,
taking into account climate, soil, vine variety, special qualitative factors or specific traditions of

certain vineyards, the minimum total alcohol content may be reduced to 7.0% vol. by legislation
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particular to the region considered (OIV, 2016a). Furthermore, the wine shall have a total
alcoholic strength of not more than 5% vol., however the upper limit for the total alcoholic
strength may exceed 15% vol. for wines with a protected designation of origin which have
been produced without enrichment (Commission Regulation (EC) n° 1308/2013).

Moreover, both yeast strains showed a high quantity of alcohol and the alcohol strength of

dry red wine should not be more than 16% vol., being the results obtained acceptable.

Relatively to reducing sugars, which are substances no longer degraded by yeasts, the values
were around 2.0 g/l, which is an acceptable low value. In routine method, ICV D80® yeast
strain, presented a slightly higher value, 2.10 g/l, comparing to FERMOL® SUPER |6 yeast
strain. This agrees with the IFV study (see Table 2, topic 1.6.1), where the ICY D80® presented
a higher value of reducing sugars.

In this oenological parameter, the reference method was obtained in correspondence with the
ml 0.1M Na,$;0s from Table 4, and it is an approximate result. In both yeast strains and
methodologies, the fermentation processes were complete, due to the lack of sugars to be
consumed by yeasts, and wines had conditions to proceed the ageing stage. Moreover, this
value must be low in order to another microorganisms, such as Lactobacillus, do not consume
the residual sugars (Gomes, n. d.). It was also unlikely that wine would re-ferment through

action of microorganisms in controlled conditions.

The TA content observed was 3.30 g/l H.SO4 in routine method and 3.30+0.01g/l H,SO; in
reference method in ICV D80° yeast strain. In FERMOL® SUPER 16 yeast strain the value
obtained was 3.31 g/l H,SOy4 in routine method and 3.38+0.00 g/l H,SOy4 in reference method.
It was observed a slightly higher value of TA in FERMOL® SUPER 16 yeast strain in both
methodologies, but the results were very approximate with each other. This reveals that

neither of both yeasts have a significant impact in this parameter.

It was observed a higher value of VA in FERMOL® SUPER 16 yeast strain in both methodologies
comparing ICV D80° yeast strain. Relatively to the VA oenological characteristic, it was
observed 0.40 g/l H,SO:s in routine method and 0.33+0.03 g/l H,SO4 in reference method in
ICV D80° yeast strain. In FERMOL® SUPER 16 yeast strain was observed 0.55 g/l H,SOys in
routine method and 0.61%0.02 g/l H.SO; in reference method. According to the IFV study
(Table 2, topic 1.6.1), the ICV D80® represents a value of 0.07 g/l H,SO, of VA and the
FERMOL® SUPER 16 represents a value of 0.25 g/l H,SO4 of VA, which correlates with the
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results obtained. It can be said that the FERMOL® SUPER |6 strain wine tank had a higher
content of acetic acid comparing with the other study tank, and consequently, a higher
probability to develop acetic acid bacteria and produce vinegar wine.

In routine analysis, the VA parameter is essential to notice the final stage of MLF and the ageing
stage, because the winemaker can verify if there are episodes of actions of acetic acid bacteria
(see Figure 14, topic 1.6). When wine has access to oxygen, acetic acid bacteria can grow in
the wine, because these bacteria have alcohol tolerance (Jackson, 2008). According to
Commission Regulation (EC) n°606/2009, this parameter for dry wine must not be higher than
0.98 g/IH,SO..

The results of the pH from reference method in both yeast strains were higher comparatively
with routine method. However, these values were almost similar considering both yeasts and
methodologies. According to Cardoso et al. (2005), wines have values of pH between 2.80 and

3.90 and the results obtained belonged to referred interval.

Considering the free SO, oenological characteristic, it was possible to observe a lower value
in ICV D80® in both methodologies, comparing to FERMOL® SUPER |6 strain. It meant that
less molecular SO, and bisulphite (HSOs’) were present in the sample. Therefore, the ICV

D80® probably have a lower antiseptic effect than FERMOL® SUPER 16 yeast strain.

The results of total SO, observed were 70.00 g/l in routine method and 72.00+2.12 g/l in
reference method in ICV D80° yeast strain. In FERMOL® SUPER |6 yeast strain the results
observed were 73.00 g/l in routine method and 74.93%2.01 g/l in reference method. The total
SO, were higher in FERMOL® SUPER |6 yeast strain than ICV D80°, however, the results
were very similar. These are in conformity with law, which have a limit of 150 mg/l in red
wines (Commission Regulation (EC) n°606/2009). It proves that the winemaker put a correct

quantity of SO, after fermentation stages.

In malic acid analysis, the content showed 0.00 g/l which meant that the FML was completely
finished because there was no malic acid left to be transformed into lactic acid. Observing
lactic acid in the routine method, 1.40 g/l were observed in ICV D80® and 1.50 g/l in FERMOL®
SUPER 16 strains. Regarding malolactic fermentation, routine analysis are important to the

winemaker to know when the FML is finished.
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Lactic acid bacteria have alcohol tolerance and they may grow in favourable conditions, such
as, high temperature and pH (Gomes, n. d.). However, the pH of the all samples was less than

3.50 and is unlikely that lactic acid bacteria develop after FML.

In Montpellier IHEV, in order to access the qualitative amount of the tartaric, malic and lactic

acids analysis was performed by chromatography paper (Figure 33).

Legend:

T — Tartaric acid;

M — Malic acid;

L — Lactic acid;

ICV D80® — ICV D80®
wine sample;

FERMOL® SUPER 16 -
FERMOL® SUPER 16 wine
sample.

® -
FERMOL® IcV
SUPER 16 D80®
Figure 33 — Tartaric, malic and lactic acid using chromatography analyse paper

M L

The chromatography analysis paper showed the three acids on the left side and the two
samples on the right side. In both wine samples, it was observed the distribution of two
correspondent acids, mainly tartaric acid and lactic acid. It correlates with the results

previously discussed.

4.4. Sensory evaluation

According to winemakers of Enclos des Anges company, both wines produced very full bodied
highly aromatic wines the typical ripe berry flavours of blackcurrant, plumps and dark cherries
mixed in with black pepper and herbal spice notes. The wine with ICV D80° yeast strain may
have produced a slightly rounder mouth feel with black olives and perhaps slightly more spicy,

whereas the FERMOL® SUPER 16 wine seemed to produce a more sharper mouth feel with a
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more floral, like violets, and chocolaty retroflection. In their opinion both wines were very

similar in style and it was difficult to differentiate the two easily.
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5. Conclusion

The process of producing a quality wine is complex. In addition, there are many factors
inherent to wine production, from soil and climatic factors, namely the choice of the wine
growing techniques, to the selection of vine varieties and phytosanitary treatments. Methods
and means used during winemaking and microorganism strains also decisively influence the
character and style of wine. It can be affirmed that wine is obtained from the interactions
between all these factors.

In winemaking process, all stages contribute to the final product and also influence the
characteristics of the wine. Thus, knowledge of the winemaking process and all intervenient
compounds are essential for effective control. The winemaker is a key factor in the production
of a wine in many situations, such as control, taste and interpretation of analytical results.
There are many organisms involved in the producing of wine, for instance, the Saccharomyces
cerevisiae yeast, which was subject of this study. Answering the first question purposed, the
two yeast strains compared, ICV D80® and FERMOL® SUPER 16, do not produce different
wines, at the phase of the ageing stage studied. In a chemical perspective, both wines had the
same fermentative conditions and the same quantities of oenological products added.
Regarding the analyses executed, namely the routine and reference analyses, the quantitative
values obtained were very similar. In a sensorial point of view, they produce analogous wines
with few tasting differences, according to winemakers’ experience. In spite of this, yeast strains
are biologically different, which could have resulted in distinct wines.

Relatively to the second question, yeast strains compared are different during winemaking
process. FERMOL® SUPER 16 may have demonstrated a higher efficiency in the majority of
the parameters observed, namely volumetric mass and temperature during alcoholic
fermentation, and alcohol strength, volatile acidity and free and total SO, after fermentations.
Therefore, this yeast strain can proportionate better profitability during the winemaking
process. In spite of this, both yeast strains had the same behaviour in a general outlook.

Each wine cellar adapts its’ winemaking process according to their possibilities in accordance
with the European laws and specific local regulations.

In all stages of the winemaking process and for all the employees, the hygiene rules are applied

to guarantee the conformity of the wines.
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6. Final considerations

6.1. Future perspectives

Wine is one of the most consumed drinks in the world which motivates the winegrowers and
winemakers to produce different types of wine to satisfy the consumer. In addition, wine
contains various bioactive compounds that are beneficial to consumers’ health, so it is
important to ensure both situations.

According to the obtained results in this work, more studies should be performed, namely the
manipulation of certain conditions to understand their effect in the behaviour of yeast strains
in fermentative process. For instance, it could be interesting to test the accurate influence of
temperature, sulphur dioxide addition and inoculum levels of yeast strains, ENOVIT® and
NUTRICELL FINISH. Additionally, the organic fertilizer and other viticulture products in the
vintage may be manipulated to test the impact of them in the wine.

However, the oenological techniques during fermentations should be studied in greater depth,
mainly the application of pump-over and devatting processes more frequently per day.

Also the HACCP can be implemented in Enclos des Anges company to analyse the hazards and
define the control points and the critical control points associated with the winemaking
process.

Another issue that could be discussed is the application of genetically modified organisms to

favour each wine region, but it is still a controversy situation.

6.2. Personal reflexion

All stages and processes, from the vintage till wine bottling, were very challenging for me. |
had the opportunity to be abroad with ERASMUS programme in Corsica Island and France
mainland during this study. | met many realities, such as cellars, laboratories, investigations,
wine tasting, wine fairs and oenology clubs.

It brought me an opportunity to gain more skills and to understand the different winemaking
realities. However, this is an area that have to be more explored because there is many
different techniques, products and oenological processes around the world. In Portugal the
products and techniques used in winemaking process may be different from Corsica because

there are many factors, mainly the natural environment, agronomic factors and culture, which
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influence the wine procedures. Additionally, Portugal has many quality wine and vine regions
and it is important to focus on trainees and investigations, namely in food safety and quality
control, because the consumers are more demanding. The frauds and adulterations in wines
starts to be present and it is a health, ethic, dietary, sensory, ecological concern.

The Food Safety Master at Faculty of Pharmacy in University of Coimbra should develop more
the wine theme, because the production of wine is as important as the production of another

food product.
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Attachment | — Analysis of the Syrah grapevine field
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Attachment 2 - Routine laboratory analysis results

DEPARTEMENT DE LA HAUTE CORSE REPUBLIQUE FRANCAISE M. SPURR RICHARD
Direction Générale des Services Cave viticole de la Signoria
. Bastia, le: 31/01/2017 Route de I'aéroport
Pdle d'Actions Territoriales 20260 CALVI

Direction de I'Environnement
Laboratoire Départemental d'Analyses 2B
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Attachment 3 = NUTRICELL FINISH technical sheet

‘ MNASRTIN
\Yd viaLarTe

NUTRICELL FINISH

Complex nutrient,
for perfect control of the final stage of alcoholic fermentation

CHARACTERISTICS

NUTRICELL AINISH is o complex nutrient containing all the ingredisnts needed to:
» ensure that the final stage of alcohalic fermentafion [AF) by yeasts proceeds smaoothly
» reactivate sfuck fernentation by vsing a fermentation starter.

COENCOLOGIC AL PROFERTIES

+ MNUTRICELL FINISH contains a high proporion of yeast autclysates thot are especially rich in
omino acids. When added halfway through AF, these amino acids ore assimilated by
active dry yeasts [ADY) to resynthesize sugaor fransport proteins and thus reactivate AF. The
ouiclysates ako release vitamins and frace elements needad for proper metabolism of
yeasts.

» MNUTRICELL FINISH olzc confains yeast cell envelope: [yeast hulls], which due to their
detouifying =ffect improve fermentation in the event of yeast stress (low temperature, high
clarification. high alcohal levels, etc). The hulls are especially useful for the treatment of
stuck fermentafion.

APPLICATIONS

¢ Added during AF to reactivate alcoholic fermentation of red, white and rosé wines in the
event of difficult condifions [nuirient deficiency, high daorification, high alcchol levels, etc).

* |n the event of stuck fernentatfion, added to wine containing residual sugars before adding
a second fermentation starter.

DOSAGE

Recommended dose: 20 to 40 g/hL
Mazximurn legal dose according to curent Eurcpean regulations: 180 g/hL.

INSTRUCTIONS FOR WSE

Dizclve MUTRICELL FINISH in 10 fimes its weight of water or must.
Add to the batch fo be freated. Mix thoroughhy.

Precavtions for use:

Product for cenclogical and specifically professional use.

Use in accordance with current regulations.

7572018172
Al SLF;‘.‘LAS A o5 11631 1530 MAGEIA, - F
I B B e TR (T i e amonteribotn o~ S=S0oFRALAR

y MASRTIMN
\YdviaLarTe

PACKAGING

1 kg and 10 kg bags.

STORAGE

Store unopened, sealed packaging away from light in o dry, cdour-free environment.
Cnce opened use rapidly.
Use before pestoy date stemped on pockaging.

The information provided above i based Of LT CLITENE St3te of Angwiedge. THE Rfbrmanon &5 non-binding and WO guarantes, since the
condRians of use e Seyond BUF COEOL & dosS NOY Nelese fhe USEr DM COMpAUNg Wit eristing lpislation and safety Jar. ThiS document i5
e propey of SCFRALAS and may not be modifisd without 5 agneameant.

75/ 2004 - 2/2
543 Sl.t'i‘sl.-hi - % nml 51550 MAGENTE - Frg
T e TR com = S0OFRALAB
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Attachment 4 - ENOVIT® technical sheet

Activateur des fermentations et refermentations

Enovit -

st un bio-oclveteur aote-vbaminique ride en démenk

nutritifs ef focteurs de oroBsane: gui shimule Foclivibée
ol i e des levures, Lemploi dFENOVITY se slife

denis différents do mial nes: 15-20 g/hl ou par quindal de pro-
duit.

Début de fermentation ef fermenfafion en blanc.
EROVIT  permet une multipication rapide des lew res

sous leurforme la phus aclive of focil e airzi le démarage E
e =

Dans les moids blanes appauwis en lkevures par le
pressurage el le débeurbage, ENOVIT amélkre le Délayer la dose mécessaire
démarroge de la fermeniation d'ENOVIT dans de I'eow ou du
Prévention des arréts de fermentation: ENOVIT liquide & fermenter et Fimtroduire
por apport de vitamine B, il rétablit I'égquilibre des dans la masse lors d'un remon-
maits carencés assimilables: molts Bsus de raisine toge ou F asperger uniformément
provenant de terming pouvres, modls de vendanges sur les endroits solides par cou-
trop mires ou aiteints de pourriture nécessitant un ches de 20 & 30 am.
sulftage mportant. Procéder & une ofration selon le
Le renowélement constant de la flore levurienne est EBE.
emsuré par Fopport des &léments de crolssance corsom- Conzeils d'util zatien: 10 g/Hhlde
més, comphe tenu du fait guiaprés 36 heures de fermen- ENOVIT® apporte 20 mg /L d ARA
tetion, les levores épuisent les réserves nubritives awee (azete rapidement assimilable),
risque de rakenizssement ou méme d'arrit de ko fermen-
tation. NE:dans be cos de milleus povves
en flore levorenne jmolts d dbedr-
EMCVIT permet done o obtenr urne meilleure rkegtano bés ou cendrifugés mares, ef d'une
de la flore levurienne aux conditiens difficiles de la manire générale tous produils
fermentation alemoligque el por oreégquent une meilleu e susceptibles de ne powveir o
transformation des sueres du medd. par eux-mémes un procesus fer-
Grice 4 la vitamine B contenve dare EROVIT, la mentaire rbguller of total), 'em-
preduction & addes eftonigues (adde piruvigque, ocide ploi de lewres sélechionnées IV -
cétoglitarique) lors de la fermemation aleoo igue est MASIL o IYMASIL BAYANU S est
failde. coimaeillé.
Les vwins airsi oblenus sent phus résistarms & Meyd afion

el présente un Squilibre 502 bre 502 combiné plus
s

Lemplai d'ENOVIT" est eorseillé dans ee type de fer-

mertation ou en cas F arrdsde fermeniation qui pewveert Sachets Doypack de Tkg
comprometire grovement le processus fermemaire

spécialement dans le cas de vinification en continu. Code D000,

- . SPINDAL Sarl f\
c ~ AEB ZONE INDUSTRIELLE - 3 FUE AMPERE - TTZ20 GRETZ-ARMAITHVILLIEES SPINDAL
o Til. +33 (0] -1-S40TBO0D - Fax +33 {0] -1-540 5920 V
w-ma | : spind alfapindalh
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Attachment 5 - ENOVIT® safety data sheet

Enovit

Activateur de croissance des levures
en phase fermentaire

Sod&E produdnics Spindal - 7. - 3 Rus Ampérs — 77220 Gretz-Amairnilliers — Fronce
Tal: + 32,000 1.64.07 8000 - Pax - + 33 (0} 1.64.07.59.20

Doses d'emploi 30 g/hl ou par quinial de produit

Condifionnement Poquet da 1 kg net an cartan de 20 kg. Cod. prod. 000440

Sox do 25 kg net. Cod. prod. D0044%

|[FICHE DE DONNEES DE SECURITH

COMPOSITION ET INFORMATIONS SUR LES INGREDIENTS

Compasifion : E517 Sulfote d’ommonivm: CAS 7783-20-2 } Concentrafion combinée a B89,80%
Ed4d? Phosphate d'ommonium: CAS 7783-28-0
E375 Chlorhydrate de thiomine [Vitamina B1): CAS 67-03-3. Concertrafion a 0,2%
Coodjwant de filtrotion chimiquemant inarte.

Imformations : LUutilisation combinée du Sulfote ef Phosphote d'ammonivm o=t légolement limitée @ 0,3 o/l
Luilisafion du Chlothydmte da thiomine est légalement limités a 0,6 mg/L
L'udlisafion da FEnowit® adt lagolemant limifés a J0g'hlL

IDENTIFICATION DES DANGERS
Eviter de respirer los poussiéres. Le comoc prolongé ovec lo peovw peud provoquer de légéres imfotions.

SOINS D'URGEMCE

En cos da confact ovec lo peow: lover obondamment avec de P'eaw ef du sowon. En cos d'iritofion consudfer wn
misdacin.

En cas de confod ovec les yew: lover abondomment ovec de Feow pendant ou moins pendant 15 minutes. En cos
dimitafion consuther un médecin.

En cos dingesfion: rincer scigneusement lo boudche ot lo gorge owec de Feow. En cos d'imifofion consuler un
midecin.

En cas d'inhalcfion: loigner le sujed du lisw de |'eaplosion.

MESURE D¥INCENDIE

Maoyens d'edincions adéquats : sou, moussa.

Maoyens d'edincions inferdits: ououn.

Dangers particulisrs: auoun.

Profection contre e few et las splosions: ne requiert oucune profeciion porfiouliare.

MESURE EN CAS DE FUITES ACCIDENTELLES
Bouchar las fuites, récupérar le produit st sviter quiil finisse a Pégoud..
En cas da misa a Fagout, prévenir les autoniiés compétenies

T MANIPULATION ET STOOKAGE
Manipulofion: anwiter lo formotion de poussidrs.
Sdockogs: conzarver en lisu frois of sec.
Azzurer une bonne wenfilafion des locous.

a CONTROLE DE 'EXPOSITION ET PROTECTION INDIVIDUELLE
Equipemiant de profection individuelle: masque onti-poussisre of uneftes de séourité.

9 PROPRIETES PHYSICO-CHIMIUES

Aspecd : poudre mixde ou gronulée de coulsur blonchs
pH=ol. 1% : 78

Poids spécifigue  avec fossement - 122

Poids spécifigue  sans fassement - 099

ARA (ozote mpidement ossimilabla) - 10 g/hl I Enceit® opporie 20 mg/L d'ARA
Thiamine % - : 0z

10 STABILITE ET REACTIVITE
Soble aux condifions normales d'wilisafion.

11 INFORMATIONS TOXICOLOGIGUES
Linhalafion répéis de poussidres peut provoquer des inflofions.
L& condact prolongé ovec la peaw peut provoguer de legeres imfotions.

12 INFORMATIONS ECOLOGIGUES
Les données sur la mobilité, la persistonce, lo biodégrodabilité, le potendel da bicoccumulafion, la foxicié oguatique
wt plus en généml sur son Gootmicite endent ce produit nen dongereusx pour Fervironnement.

13 EPURATIOM
Oipérer sekon ko lagislofion en vigueur.

15 INFORMATIONS SUR LE TRANSPORT
Mormss ADR: la pro-duit n'est pos dassé

16 INFORMATIONS COMPLEMENTAIRES
Il a5t bon da rappelsr péricdiguement aux ulilisateurs les risgues sncounus en ulilsant ke produit.
Lo présante fiche techrique of de saourité o &6 radigée por les sorvices fachnigues de lo sodiehs PASCAL BIOTECH
avec lo modmum d'informatiors @ so dispesition @ lo dote de lo demiére mize @ jour. Les informafions: confenucs
dons cetie fiche font référence of e peuvent &ire volables gue dons ke ooz ol le produit soroit utilisé seul, en oos da|
combinoson oves d'autres produits ou dans d'ovies condifions d'uiilisaSion que celles décrifes, ren du contenu da
la préssnia ficha fechnigue of de séourité ne peut Sre garardi. Rien dv conferw de lo présents fiche ne doif Gim
interprédé commie une gorantie implidie ou aplidle. Dons fous les cos, Fopplication des consignes de sécuri®a of|
Fadoptabiita du produit & des usoges particuliers propres a Fuilisoieur sond sous lo meporsobilité de o demier.
Paur foules informations complémeniaires, écrire ou Elkiphaner a la sociste SPINDAL - 1. - 3 Rus Ampére
TTE20 Gretz-Armairwilliers - TEL:+ 33 [0) 1.64.07.80.00 - FAX:-+33 (0} 1.64.07.59.20
E-mil : spindali@spindal.fr

DATE OE LA DERMIERE MIEE A JOUR : 2 déosmibee 2000

Réalisde e conforrmitd & VAnn. IT du Régiement (CE) n. 1907/2008, relative & l'enregisirement, M&valuation,
lautovization et k& restriction Jdes substanoes chimigues. (REACH)

P ‘€= AEB

-

SPINDAL - AFB GROUP - 1. - 3 Rue Ampere - 77223 Gretz-Armoimvilliers - Fronce
Ted - + 33 (0).1.64.07.50.00 - Fom - + 33, (0).1.64.07 .59 20 - E-meodl - spindol@spindal fr- www.oeb-grouvp.com
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Attachment 6 — ICV D80@® yeast technical sheet

—

[V

Siége soclal :

Institut Coopératif du Vin
La Jasse de Maurin

34 970 LATTES

Tél : 04 67 07 04 90

Fax : 04 67 07 04 95

www.lov.fr

Depuis 1979, I'ICV a développé une gamme de
levures cenologiques pour les principales
applications des caves de vinification.

Comme les autres levures de la gamme ICV,
ICV-D80 est produite, séchée et emballée par
Lallemand,

ICV-D80 est une levure naturelle Saccharomyces
cerevisiae ; elle n'a pas fait I'objet de manipulation
génétique lors de son isolement, de sa sélection ou
de sa production. Ce n'est pas un organisme
génétiquement modifié (non OGM).

ICV-D80 est conforme au Codex cenologique édité
par I'OIV et aux normes alimentaires de la FAQ, en
particulier pour I'absence de métaux lourds et d

Les corsicats do conforming sont disporibles de vorre Centre

Edifion mal 2005 IV ou sur desande Sorie 3 Yadmsse cl-dosas © par fettre, fax ou o-mall

Effet de Ia levare ICV-D80 sur le profil
aromatique et gustatif des vins rouges,
Syrah 1994

ICV-DED - - IOV-D254

Righse Pove Infnsid Acd Amorume

Deheil, Revue des amnologues de Bourgogrne,
n® 81, 1996

Effet de la levure ICV-Da0 sur la
concentrafion en composés volatils
des vins rouges. Syrah 1996

ICV-DED - - ICV-D254

Fhand2E C13 Vigi4  Tapénok
-grtacol

Legende

Phenyl2.E = phemyl-2-cthanal : alcool
supéricur 3 odewr de rose

C13 = composé narisopréndique en C13 1
Vinyl 4-gaiacel : phénol volatil 3 odeur
épicke et fumée

Terpénols : odeurs florales ot fruitées
(agrumes).

Complémentarité d'iCV-D80 avec
o autres levures de la gamme ICV,
Essal R&D, 2003,

IOV-D21 - = IOV-DBO - 1 KOV-D254

par FICV, dotde
sélactionnée p
concentrés e pulssa:
falt parmi 178 levures diff

S ArOMAatiques et g
Tanéens. Le cholx s'est
du Rhine.

Principales caractéristiques techniques

Bonne résistance aux conditions difficlies de ratsins pour la
fermentation alcoolique : falble concentration en azote assimilable, fort
titre alcoométrique posentiel. Cest I'une des plus performantes de sa
catégorie (achévement des sucres, AV).

Fone consommation de SO, pendant fermentation, facifitant
I'enclenchement de la fermentation malolactique.

Style aromatique et gustatd original sur les vins rouges Issus de longue
macération. Addité plus élevée que sur les vins fermentés avec ICV
D47 et ICV D254,

Couleur vive et stable, intensité tannique élevée avec un grain de tanin
trés fin et une bonne persistance des ardmes Boraux, réglissés ef fumés

Précautions d’emploi

Respect des 13 points diés de maitrise de la fermentation alcoolique.
Sensible aux tempédnsures devdes (> 28°0)

Nécessite de nombreuses adrations pendant ka phase active de la
fermentation, en paniculler sur les Jus carencés en nuiments et trés
riches en sucres.

Suscepable d'amplifier les camosres de maturié annique impariaite.

Les utilisations actuelles

Pleine expression de F'originalité des qualités tanniques dans les
macérations longues

Les vins rouges médisemandens de haut de gamme pour développer des
arbmes concentréds et complexes, avec des notes minérles et flomles
(réglisse, violee), et exprimer de la pulssance en bouche avec des
tanins A grain trés fin &t une bonne pearsistance aromatique finale.

Trés bonne complémentarité en assemblage avec les vins élaborés avec
ICV-D254 et ICV-D21.

A I'étranger : sur les vins rouges de haut de gamme en Californie et au
Chill (Syrah, Merfot, Cabemnet).
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Attachment 7 - ICV D80® yeast data sheet

GROUPE “L
IQV W Fiche de spécification

Srwer bolE
| Saches Actives | ALVIN ICY

Viersios acdn Dol4

o IOV KIM®

« ICV GRE®

« IOV DaT™

« ICV ORALE®

o IOV OKAY®

= ICV D25<®

« ICV DE0"

« ICV D21"®

= ICV THERMOPREMILIM®
« ICV CHARD®

Application

Fermentation alcookigue

Caracteristiques

Ingrédiants Lewure séche acilve
Sacchammyces cersyisize, 491,

Agpect physigue (Granules ronds ou en foame e
vermmicalles

Coler BEige 4 brun l&ger

Dl Ddeur typique de levuns fermentalne

Solubilfe Facliement solubie

Producieur Lallemand

Liga de production EU, Canada

HNE -\ coufeur peud warler 0w badoh de prodieciion d Faufe. Efe e
mafldds Bn guoun £35S FacHvnd fermentaine.
La fiche de donmées sdoarte exf disponibie sur demande aupres d=
wotne Cenire oanoiog pue o saraww o T

Organisme de production (non OGM)

Saccharomyces cerevisiae
Produit par séchage dun concentrat de  culture
l=vurienne.

Caracterisation produit s R
Cellles vianies = 10" UFCg
Matlere secha =02 %
Colfomes <10° UFCig
Escherichia Call Absence dans 19
Staphylocaccus ueus Absence dans 19
Salmonela Absence dans 23 q
Bacenes laciues <10° UFCig
Saciéres acitiques =10* UFCig
Molslssires =107 UFCig
Levures o2 differsntes especes <107 UFCIQ

Métaux [ourds jn cosformit s e Codes Seckegice)

Plomb <2mgiky
Mencure =1 mgikg
Arseni <3mgikg
Camium <1mgikg

Conditionnement et conditions de stockage

Emballé sous vide &t sous fim alsminisé aimentaire en
Carton outre de 10 kg
ou
Carton de 10 kg contenant 20 sachets de 500 g

Stocker dans un endroit frais et sec
L'emballage doit étre gardé intact Me pas utliser si le
paquet n'est plus sous vide avant ouverture.

DLW : Elle est indigués sur lemballage.

Les DLUD au conditionnemsant sont de 4 ans. Suivre les
recommandations et utiliser ke produit avant la date limite
dutilisation optimale (DLUO] afin de ne pas dewoir
augmenter la dose préconisee.

La performance du produit sera optimale siles
recommandations de stockage, de dosage, de mise en
ceuvre et la DLUD sont respectées.

Dosage
Dose recommandés - 20 3 40 g/ qt ou hL

Mise en ceuvre

- Towjours réhydrater la levure dans un contenant
propre.

- Rehydrater la levure dans 10 fois son poids d'eau
tiede (temperature entre 35%et 407T).

- Apiter doucement puis attendre 10 3 15 minutes.
Agiter doucement une deuxiéme fois puis attendre
10 3 15 minutes.

- Apiter doucement une dernigre fois avant d'ajouter la
preparation dans |a cuve de fermentation.
La difference de température entre le mout ou le
raisin 3 inoculer et |a suspension de kevures ne doit
pas exceder 10T, 3ic'est ke cas, proceder 3 une
acclimatation progressive (en cas de doute consulter
voire cenclogues K2V

- Letemps total de rehydratation ne doit pas
depasser 45 minutes.

Lk I SN S, S-SR S0 Bais Lo b Cof Nass et auales disgoaibies. ERat 100l SUg@0sdis oMl 3 a dati de Abdaction. Toutelos L pebision el
FianPair @ it d ik inTorsaliond SO Sans garael . Lublnsleur i felgsandabde do ek Chain S prodits, die leors Oonditions & onlis st i ot Sk dweniuek

Frugec sl
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Attachment 8 - FERMOL® SUPER |6 technical sheet

ermol M:GRE:

LSA spécifigue pour la vinification des vins & haut

degre d'alcool.

De 10 & 30 g/ quintal de vendange ou hL
de modt

Souche sékectionnée de kevure Saccharomyces cerevisiae

r.ph. cerevisiae PB 3084 - {INRA - CLIB 2032) _II P —

S locoonnda par jo La boraroire o'a Microbl adogio Gandralo - Facuind das Sclanoas -

e o s o
Souche spécifique sélectionnée pour son activité fermentaire  ;..ce ou des MCR stériles, pendant au
dans des conditions difficiles de températures et de tenaur an moins 20-30 minukes. Introdulne snsuite
aleool [34°C at 16-17 % vol), alle est padiculidremant indiquéa la levure réhydratée en phase de
pour la production de vins rouges méme 4 des températures non multiplication avancée dans le molt.
contriléas ol alle produit peu d'acidite valatila.

Elle parmat &galemeant dobtenir d'excellants résultats sur des

moilts riches en sucre comme ceux issus de vendanges tardives. JLe 000 LTS

Les vins obtenus sont concentrés, les ardmes puissants el sucrés
rappellant cewx das fruits mirs.

C'est une souche qui s'adapte parfaitemeant au miliew, la cinétiqua # Perie de vitalité 10-15% en moyenne

# Levures vivanies > 2 10%)g

fermentaire est réguliére, et la production de métaboliles soufrés paran, en foncton dela tem pératune
faibles. - de consenvation
La date de production est indiguée
Composition et caractéristiqgues physico-chimigues sur I'embal lage.
® Levune natunelle mer e tec e killer % Matisre séche 96+ 1%
® Panods de latenon oowes - < THID
®  Pouoir moussan: reglgeatis Pour usage mnolo gigee.
[ Fndmhnd'Hz-E»mglglmh Conforme aux normes CE
* Pouvoiraicoogéne 17 4 % vol Produit non issu d0GM
* Fandement sucres/aboal = 17,2 g 9o sucresitre pour produm 1% Jaloool wol.
L I

Frodws coni omma, [pohSsnis o & b qualites reJuEes par ko nig e ment adon CE an Fﬂmlﬂthl‘ﬁ&ﬂ-mgiﬂm e ol
e par carton de 20 paquets.

Stockage

Pow une mallers conservaton o une actvid optmabe, siocker ba pmdut entre S & Cosdhe prouit : 005318

T

Ures {0 MN'emiballags o, liser de prédsnencs dans Bs plus b is doelais possibies.

FOLE NOUSTRIEL - ILE DE FRANCE

Pﬁ.ﬁﬂ! BIOTECH* ez serirsine pour o Fracos of las pays Fracecphooss
EPNDAL Sarl- FI - 3 Fuss Ampdio - TT230 D ir-Aama i iliar - Framea
Ti= +23 (015407 BO.00 - Fae +200YL 8L 07 5030 - I msails 5 pise i il
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