Characterisation of lees and Novel uses for

Yeast Lees to Create New Wine Styles.

A thesis presented in fulfilment of the

requirements for the degree of

Doctor of Philosophy

Yuanyuan Wang
BSc (Food Science, Nutrition and Technology),

Sichuan University
MSc (Food Science and Technology)

China Agriculture University

The University of Adelaide

School of Agriculture, Food and Wine

January 2014



Table of Contents

ADSTFACT. ...ttt bbbt iv
DECIATATION......cuiieieiicie bbbttt b et vii
ACKNOWIEAGEMENTS. ...t e te et e s teenteaneenreas viii
ADDIEVIATIONS. ...ttt X
Figures, Schemes and TabIes.........cccvoiiiiiiic e e Xiii
CHAPTER 1: INTRODUCTION. ..ottt 1
1.1 General INtrOQUCTION. ......c.oiiiieieie et 1
1.2 The Road to Viticulture and Oenology in AUSEralia...........c.ccovvriiieiieienencicneseias 2
1.3 The Global History and Significance of Wines Aged on Lees.........cccocevverveiensenenne. 6
1.4 Recent Attitudes of the Australian Wine Industry on Utilising Lees Contact during

Red WINE ProQUCTION. .......ciiieiiiieieie ettt 7
1.5 The Production of Lees during Winemaking...........ccocuvevinriiienenene e 11
1.6 Overall Influences of Lees Ageing on Finished WINES...........ccccoeerinininininnnnennn, 14
1.7 The Mechanism and Process of Yeast AULOIYSIS........cccveieeiieiiiicie e 15
1.8 Effects of pH and Temperature on AUtOIYSIS..........ccoveiiiiiiiciiiieceee e 19
1.9 LEES ANU O8K......iivieiieiieeieeie st ee st ee e te et et e e esneeste st e sreenteenteaneenneeneennee e 19
110 LS ANA IMILF.....coiiiieeee ettt sreeteeneesneenteaneenreas 19
1.11 Effect of Yeast Strain, added f-Glucanases and IDY Preparations..............cc.c....... 20
1.12 Influence of Yeast Autolysis on Various Compounds Released into the Wine

Lo [0 o RSSO RS TPPTRPRPRN 22

1.12.1 Effect 0f LeeS 0N VOIALIIES..........ccoiiiiiiiieieee e 22
1.12.2 Lees and Lipid CONTENT.........cuiiiiieiieiesiesiesiee e 25
1.12.3 Importance of Polysaccharides and Mannoproteins Released by Lees................. 26
1.12.4 Release of Nitrogen Compounds during Lees EXPOSUre.........c.ccccveveevieiiieeiineenne 26
1.13 Overall SENSOry ALIIIDULES........coieiiieicce e 29
I 1Ty o o [ o] [ 11 SR 29
1.15 Potential Faults Arising from Lees EXPOSUIE.........cccceiiriiiiiiniieieie e 30
1.16 Lees and Its Ability to Remove Unwanted Compounds in Wine............c.ccccecveenen. 31
1.17 Present and Potential Future Exploitation of Lees..........ccccocvevvveiieeiii e, 32
1,18 TRESIS AIMS....eiitiitiitieiieiee ettt b bbbt s et et bbbttt beeneas 33



CHAPTER 2: TWO YEAR EXOGENOUS ENZYME ADDITION LEES TRIAL 35

2.1 Wine Making Protocol for Chardonnay and Pinot Noir, 2010..........cccceevininiinninns 36
2.1.1 Production of the Chardonnay Experimental Wines, 2010..............ccccoveviveiieinennnns 37
2.1.2 Production of the Pinot Noir Experimental Wines, 2010.........cccccceeevivevveieceenenn, 41
2.2 Analyses of the Exogenous Enzyme Addition Lees Trial Wines..........ccccccoceevnvnnnee. 44
2.2.1 Effect of Lees on MLF Rate for the Chardonnay Wines...........ccccoooevininiinnnnennene. 44
2.2.2 Lees Concentrations and SEM Morphology of Yeast in Finished Bottled Wines.. 46
2.2.3 Total Glucidic Colloids and Bentonite FINiNG TeStS........cccovveveiiiiiieie e, 49
2.2.4 Colour Changes of All Lees Treated Wines OVer TIMe..........cceoeverervnininnieenienne. 53
2.2.5 Measuring the Viscosity of Several of the Lees Exposed WINEs...........ccccceerennene 59
2.2.6 Measuring the Concentrations of Certain Metals in the Lees Exposed Wines........ 62
2.2.7 Checking Enzyme f-Glucanase Activity and Stability...........ccccoooeveviciicicieennn. 65
2.3 Chapter TWO SUMIMAIY.......coiiiieiiieiiesiesie ettt bbb 67

CHAPTER 3: MICROWAVES - A POSSIBLE WAY TO ACCELERATE THE

EFFECTS OF YEAST AUTOLYSIS. ..ot e 74
3.1 General INErOQUCTION. .......c.viiiieie ettt ens 74
3.2 Use of Microwaves to Accelerate Yeast AUtOIYSIS.........ccocoveririiiiiicieiiseee, 74

3.3 Preparation of Wine Samples with Lees That Had Been Exposed to Microwaves or
Thermal TreatMeNt.........ccov o sre e 75

3.4 Descriptive Sensory Assessment of the Wine Samples Exposed to Microwaved or

HEALEA LLBES. .. eoeieeie ettt ettt et e st et e s e sreesaeeneenreeneeaneenreas 77
3.4.1 Training of the DA PANEL.........ccoiiiiiiiii e 77
KB o (=TS | €SS 80
3.4.2.1 Changes in Total Soluble Proteins, Glucidic Colloids and Free Radical

SCavenging ADIITY........ooiiiie e 80
3422 TEM RESUILS.....cceeeieee ettt nra e enes 81
3.5 DesCriptive SENSOrY ASSESSIMENT........ccuiiiitiiiieieieieri ettt 85
3.6 Chapter CONCIUSIONS.......ccuiiiieciie ettt sbe e beenree s 89

CHAPTER 4: COMMERCIAL IDY PREPARATIONS - THEIR
EFFECTIVENESS AND DIVERSITIES.......c.oooiiii e 90

4.1 GENEIAl INTrOTUCTION. ...ttt e e ettt e e e e e e e e e e eeeeeeeaaes 90



4.2 Regulation on the use of IDY Preparations in Winemaking............ccoccevvereenenieene 92

4.3 Preparation Of IDY PrOUUCES.........ccoiiiiiiiinieiee e 92
4.4 Applications of Specific IDY Preparations in Winemaking and Their Effects on

TNE WWINE. ..ttt bbbt 94
4.4.1 Effects on FErmMentations..........ccooueiieiierieiie ettt st sie s 94
4.4.2 Effects of IDY on Volatile Aroma CompouNds...........ccooeeveieieneneneneneneseeens 96
4.4.3 Polysaccharides from IDY — Their Effect on Red Wine Colour and Astringency. 98
4.4.4 Other Effects of IDY on a Wines Organoleptic Properties..........cccccevvvervivernenne. 100
4.4.5 IDY Rich in Glutathione and Oxidation of White WINes..........cccccevvvvvienneninnnns 100
4.5 Comparison of Ten Commercial IDY Preparations on a Chardonnay Wine after 1

MONE OF EXPOSUIE.......viiieiicie ettt sttt et reen e 102
4.6 Preparation of the Chardonnay Wines with Added IDY Preparations...................... 106
4.7 Analysis of the Change in Polysaccharides, Total Soluble Proteins and Colour of

the Chardonnay Wines with Added IDY ..o 107
4.8 Preparation of the Model Wines with Added IDY Preparations............c.ccccovevveenene. 113
4.9 Results of the Browning Inhibition Studies for the Ten Commercial IDY

Preparations in MOl WINE...........coiiiiiiiiee e 117
4.10 Chapter Conclusions and Future DIreCtioNS...........coocovererineninieeieee e 125
CHAPTER 5: EXPERIMENTAL . ...ociiiiitiiese e 129
5.1 General Experimental Methods for Chapter 2. 129
5.2 General Experimental Methods for Chapter 3. 135
5.3 General Experimental Methods for Chapter 4..........ccccoveveiieie e 140
RETEIENCES. ... ettt ettt nee e 146



Abstract

When wine is aged on lees, the process of lees autolysis causes the release of a range of
constituents including mannoproteins, polysaccharides, amino acids and fatty acids that
interact with the fermented wine leading to changes in the final flavour and sensory aspects
of the wine. There is no doubt that ageing wines on lees for extended periods of time, adds
beneficial organoleptic qualities to a finished wine. Furthermore, whilst the interactions of
wine lees on phenolics, lipids and mannoproteins released have been widely studied,
exactly how all these factors and constituents influence final wine quality is not totally
clear. It can be said that there is still a poor understanding of how lees impacts on wine
aroma. Moreover, the addition of autolytic enzymes to speed up lees breakdown or the
addition of inactivated dry yeast (IDY) preparations to enhance the release of
mannoproteins and glucans so that the perceived benefits of lees exposure are achieved in a
shorter timeframe is only a recent advance over the last decade or so. Consequently, more
research is needed in this field in order to further clarify the mechanisms and factors that

lead to these perceived changes in a wine upon ageing on lees.

To this end, the Introduction for this PhD thesis provides a complete summary of the
current state of play in terms of knowledge as to the scientific and practical potential of
ageing wines on lees. It begins with a detailed account into the history of winemaking in
Australia and the current state of play in terms of how Australian winemakers perceive
utilising lees exposure to prepare their wine styles. Autolysis is a slow process and often is
conducted over periods of years. Coupling this with the fact that wines are produced from a
range of grape varieties; employ a range of different yeasts and utilise different
winemaking protocols, results in a complex field of research study in which it can often be
difficult to draw clear conclusions between the research studies and into the mechanisms
and factors that lead to these perceived changes of a wine upon ageing on lees.
Consequently, the Introduction provides a detailed account of all major research studies
completed over the last few decades. The Introduction then concludes with an introduction

to the aims of the research to be carried out within this PhD thesis.



Chapter two describes an exploratory study into the effect of lees exposure on both a Pinot
Noir wine and a Chardonnay wine over a two-year period. A recent survey into current
Australian practices showed that the ageing of Pinot Noir on lees is highly employed in
Australia thus leading us to include this variety in this study. The use of lees ageing for the
preparation of Chardonnay wines is typical throughout the World. Furthermore, the project
was enlarged to include a number of wine and lees treatments (including the addition of
commercial enzyme preparations). A range of chemical parameters were measured over
the two-year period in order to evaluate further the importance of lees exposure on these
wines. Some of the parameters measured, such as levels of polysaccharides or changes in
colour, were those that have been shown to alter over time upon lees ageing, thus
comparisons were able to be drawn between the work conducted here and that already
reported in the literature. Moreover, we also examined other parameters which are not
normally associated with lees autolysis such as possible changes in overall viscosity and
metal concentrations in the wines to see if further information on how lees ageing impacts
on a wines final quality could be gleaned. Unfortunately, the autolytic enzyme utilised in
this study was found to be not very active at enhancing the autolysis rate in our wine
treatments, thus the results found were not entirely as we hoped, although some new
preliminary findings were captured. Clearly further highly focussed research is needed to

unravel this complicated field of wine research.

Based on the results of the above study we then found ourselves in a position to devise a
new alternative strategy to avoid the uncertainties associated with traditional lengthy lees
exposure times, the results of which are described within Chapter three of this thesis.
Instead of simply leaving the wines on lees for extended periods of time, we explored the
concept that exposure of lees to microwaves for a short period of time may accelerate
autolysis and when the treated lees is added back to a base wine for a short time, could the
same perceived benefits of lees ageing be observed. This new technological approach for
the preparation of new wine styles, coupled with both chemical evaluations and formal
sensory trials was evaluated and it was found from our initial studies that there appears to
be clear evidence that such a process leads to wines in which there is a perceived
difference in the organoleptic properties of the microwaved lees wines when compared to
the control wines. Further studies are needed in order to clearly define the key constituents
that are altered in terms of their concentrations when such an approach is employed,

however, it can be concluded that microwave assisted lysis of yeast lees appears to be a



new method for the accelerating of yeast autolysis and thus allows for a shortening of
wine/lees exposure time needed to achieve the perceived organoleptic benefits of lees

exposed wines.

Chapter four describes a study on the use of commercial inactivated dry yeast (IDY)
preparations and their ability to alter the properties of a fermented Chardonnay wine and a
browning model wine system containing (+)-catechin, iron(ll), copper(ll), and
acetaldehyde aover a short period of time. Such yeast derived preparations are now being
used as an alternative technique to ageing wines on lees, because they permit a quicker
release into the wine of yeast compounds such as mannoproteins and glucans and as such
the perceived benefits of lees exposure are achieved in a shorter timeframe. We analysed
10 commercial IDY preparations and evaluated their effectiveness at altering the base
wines composition and the browning model wine system by a range of analytical
measurements. Importantly, it was found that a range of the IDY preparations were able to
substantially inhibit oxidative browning with the amount of soluble proteins being released
correlating well with their preventative browning abilities. Such a finding is yet to be
reported in the literature. Undoubtedly further scientific research will aid in unlocking the
mysteries of IDY preparations and the host of positive effects that they can have on a

finished wine.

Finally, Chapter five contains a detailed description of all the experimental methods and

analyses utilised throughout these studies.

Vi
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