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3. EXECUTIVE SUMMARY
This must report on the ENTIRE project. Address the objectives and milestones of the project as well as
the impact of the study on the industry.

We investigated the impact of the initial amino acid concentration on the production of
aroma compounds by the industrial yeast VIN13 grown in synthetic grape must (AWRI).
In previous studies the formation of volatile compounds appeared to be linked to the
metabolism of branched-chain and aromatic amino acids (BCAAs). The aim was to
determine the quantitative links between the different amino acid precursors present in
grape must and the higher alcohols and esters produced during fermentation. Another
focus area related to the growth support and kinetics for fermentations using each one of
20 amino acids as sole nitrogen source.

Fermentations were conducted in synthetic must using strains VIN13 and BM45. The
analysis of major volatiles was carried out by gas chromatography using a flame ionizing
detector (GC-FID). The rate of fermentation was determined by weight loss
(representative of COz release) in time-course experiments.

A linear correlation was found between the initial concentration of the BCAAs and their
related aroma compounds yielding a 1:1 molar ratio. Molar concentrations of fusel
alcohols and fusel acids can be reasonably predicted from the initial molar concentration
of BCAAs even when the synthetic must is supplied with a more complex amino acid
mixture. Nonetheless predictability was reduced complex cocktail of amino acids was
used as nitrogen source. Real must fermentation confirmed the association between
amino and aroma composition.

Additional experiments were conducted to investigate the effect of different combinations
of amino BCAAs using VIN13. Resultant aroma profiles still suggested the linear
relationship between amino acids and their associated volatile compounds. Combinations
of different amino acids at the same concentration suggested interference in utilisation
resulting in a non-additive aroma compound accumulation. Studies are currently
underway to determine amino acid inclusion levels that will permit manipulation of the
aroma profile.

The production of aroma compounds by a large number of non-Saccharomyces yeast
strains and species was investigated by GCMS analysis of fermentations in the synthetic
grape must (AWRI). Strains were identified showing large increases in the production of
certain compounds such as phenylethyl ethanol (up to 10 times higher than production
levels of S. cerevisiae wine yeast strains under comparable conditions).
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Four non-Saccharomyces yeast strains, (Hanseniaspora uvarum, H. opuntiae, H. vineae
and Cryptococcus flavascens) were further evaluated for aroma production during
fermentation (in pure culture) in synthetic must supplemented with different amino acid
treatments in synthetic must supplemented with different amino acid treatments because
of their low ethanol production. Major volatiles were measured and sensory evaluations
are underway.

Fermentation of synthetic grape juice containing different YAN concentrations were
carried out by sequential inoculation of selected non-Saccharomyces yeasts and S.
cerevisiae. Ammonium and individual amino acids concentrations were monitored as well
as the production of major volatile aroma compounds. The results show that non-
Saccharomyces yeasts do not always display the same preference for nitrogen sources
as S. cerevisiae. YAN concentrations above 150 mg/L did not severely impact the
aromatic profile of the final wines, however, when the concentration was dropped down
to 75 mg/L, it impacted the nitrogen availability for S. cerevisiae and consequently, the
fermentations were sluggish and the global aromatic profile was altered.

4. PROBLEM IDENTIFICATION AND OBJECTIVES
State the problem being addressed and the ultimate aim of the project.

New technologies will in the near future provide winemakers with detailed chemical information
regarding grape juice composition, at a reasonable price. At the same time, the number and
specificity of oenological tools (yeast and bacterial strains, mixtures of yeast strains, novel or
better enzymes, nutrients, additives etc) will continue to increase.

The challenge for the global and the SA wine industry will be to optimally exploit such data and
tools to produce better quality wine. Our ability to meet this challenge will largely depend on our
capacity to interpret and use such data and tools to inform decision making regarding oenological
strategies. Such strategies will aim at fully exploiting the aroma and flavour potential of any given
grape juice while avoiding the development of off-flavours or of excessive ethanol production, and
will therefore result in the best possible product from any given raw material.

This project proposes an integrated approach to provide baseline data that will allow matching
the chemical composition of individual grape musts with the aroma production capability of
specific yeast strains. The final aim is to develop a fully integrated model to predict fermentation
outcomes in terms of wine composition, aroma and flavour as well as the risks of off-flavour
production for any given grape juice.

The first milestone is thus to understand the link between the composition of the fermentation
must in terms of key compounds and how this relates to the production of specific aroma
compounds. Nitrogen is one of the essential macronutrients required for growth of
Saccharomyces cerevisiae and is used by the cell for the synthesis of proteins, enzymes, and
nucleic acids. S. cerevisiae is able to synthesize all amino acids and nitrogenous compounds
needed for growth provided sufficient yeast assimilable nitrogen (YAN) is present within the cell.
However, yeasts can also obtain amino acids from the external environment, making it more
efficient at meeting its nitrogen requirements by reducing the amount of energy required for amino
acid biosynthesis. The metabolism of some amino acids has also been linked to the production
of important aroma compounds but has yet to be fully investigated. Furthermore, insufficient YAN
often results in stuck or sluggish fermentations which do not complete or take an undesirable long
time to complete.
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In the context of wine, amino acids make up the majority of YAN compounds in grape must
followed by ammonium, making amino acids important nitrogenous compounds in grape must. It
is thus important to understand how the amino acid composition of the wine relates to the
fermentation performance of different yeast strains and to the production of flavour-active
compounds by the yeast during fermentation.

The first milestone thus involved carrying out numerous time-course fermentation sets using
single amino acids as growth sources for yeast under aerobic and anaerobic conditions to
determine the growth support and fermentative characteristics associated with these amino acids
as nitrogen sources. Another key focus area of the first milestone was establishing the link
between different amino acids and the production of aroma compounds, when the amino acids
were supplied as single amino acid treatments or in combination with one another. Detailed
chemical analyses of all fermentations were carried out.

The results of the work pertaining to milestone 1 are very convincing and open the door for
milestone 2 to be pursued in the next harvest season. As part of the inital workplan, the data from
milestone 1 will be used to set up different amino acid treatments to be applied to various real
wine musts (red and white, different cultivars) which will be fermented with different yeast strains.
This will help to extrapolate the findings of the effects of different amino acid formulations on
aroma to the context of real wine fermentation. Based on the cumulative findings of milestones 1
and 2, milestone 3 can be addressed in the final semester of the funding period.

5. WORKPLAN (MATERIALS AND METHODS)

List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage
conditions and examination stages and parameters. Add additional rows if required.

The study initially focused on characterisation growth and fermentation parameters and aroma
production potential and predictability of yeast in single amino acid media. The abundance on
non-Saccharomyces yeast in starter cultures during winemaking justified further investigations
into their utilisation of individual amino acids and the subsequent aroma profile. Thus the study
objectives were achieved by conducting the following experiments and analyses;

Milestone 1: Determine yeast growth and fermentatio  n kinetics in single amino acid media

Small scale fermentations were conducted in triplicates using S. cerevisiae. Synthetic grape must
was used and single amino acids were added to the media. Other physio-chemical variable were
kept constant. Weight loss was measured at regular intervals and samples were analysed for
residual sugars, glycerol and ethanol at the end of fermentation using HPLC. Comparisons
between treatments were done using univariate statistics.

Milestone 2: Quantify aroma compound production usi ng different combinations of amino
acid sources

All experiments (in triplicates) were analysed for volatile compounds at the end of fermentation.
The volatile metabolites were gquantified using GCMS and GC-FID. Spectral data was analysed
using multivariate statistics to compare the global change in the volatile metabolite suite for all
across all amino acid treatments. The compound showing major differences were further
analysed using univariate statistics. Selected amino acids were also added to real grape must
(sauvignon blanc and chardonnay)

Milestone 3: Model and predict aroma compound produ ction based on composition of
synthetic must.
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Branched chain and aromatic amino acids were further investigated at different concentrations to
model their relationship with aroma biosynthesis. VIN13 was fermented in media containing single
BCAAs at concentrations of 100 mg/L, 200 mg/L and 300 mg/L and regression curves were
calculated. To test the predictive ability of the models, VIN13 was cultured in media containing
mixed BCAAs of known concentration and predicted volatile compound production. The predicted
aroma was then compared to the produced compounds.

Milestone 4: Evaluate the effect of selected nitrog  en treatments on aroma compound
production by non-Saccharomyces yeasts

Four non-Saccharomyces strains (H. vinea, H. opuntiae, H. uvarum and C. flavascens) were
selected for further experiments with BCAAs on varying combinations. Aroma profiles produced
were evaluated using GCMS and were compared to S. cerevisiae profile.

6. RESULTS AND DISCUSSION
State results obtained and list any industry benefits. If applicable, include a short discussion covering ALL
accumulated results from the start of the project. Limit to essential information only

The growth performance of two industrial yeast strains (VIN13 and BM45), known for their
differing growth characteristics, were investigated in synthetic media supplied with single amino
acids as the sole source of nitrogen. The results of this study suggest that under single nitrogen
source conditions the growth performance for these two strains were not significantly different
(Figure 1). The data suggest that the efficiency of amino acid uptake and use is conserved for
different yeast strains of S. cerevisiae.
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Figure 1 Growth characteristics for the evaluation of amino acid efficiency for yeast strains VIN13
and BM45. Yeast were grown in synthetic media containing 10% glucose and 10.71 mmol N/L.
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Subsequently the yeast VIN13 was selected for follow-up experiments to investigate aroma
compound production when single amino acids were supplied as nitrogen source. Key findings
include the fact that the branched-chain amino acids phenylalanine, valine leucine, and isoleucine
were linearly correlated with the production of fusel alcohols and fusel acids (Figure 2). The
amino acids isoleucine and leucine were linked to the production of isoamyl alcohol and isovaleric
acid. Leucine levels in the medium were linearly correlated to the production of the ester isoamyl
acetate (Figure 3). The amino acid phenylalanine was directly correlated to the production of 2-
phenylethanol, phenylethyl acetate, decanoic acid, and valeric acid (Figure 4). Likewise, valine
was correlated with isobutanol, isobutyric acid, butanol, and propinoic acid (Figure 5).
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Figure 2 relationship between BCAAs and related volatile metabolite produced by
VIN13 during fermentation
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Figure 3 Products related to leucine and isoleucine production by VIN13 in synthetic must.
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Figure 4 Products related to phenylalanine production by VIN13 in synthetic must.
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Figure 5 Products related to valine production by VIN13 in synthetic must.

Due to the linearity of the relationships between the initial amino acid concentration of
phenylalanine, valine, leucine, and isoleucine it was predicted that the corresponding aroma
compounds could be predicted if the initial concentrations of amino acids were known. This
hypothesis was tested in synthetic media containing a mixture of nitrogen sources to test the
robustness of these correlations. It was found that the fusel alcohols and fusel acids
corresponding to these amino acids could be predicted within a reasonable amount of error
(Figures 6, 7 and 8).

Figure 6 Prediction of aroma compounds linked to leucine and isoleucine metabolism.
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Figure 7 Prediction of aroma compounds linked to phenylalanine metabolism

Figure 8 Prediction of aroma compounds linked to valine metabolism
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Figure 9 CO:2 production by non-Saccharomyces strains during fermentation of synthetic must with different
nitrogen composition. The gas was recorded indirectly by measuring the accumulative weight loss.

Three of the investigated non-Saccharomyces strains exhibited the highest fermentation rates in the BCAA-
treated synthetic must (Figure 9). The fermentation rate of C. flavescens Y844 was visibly slowed in the
standard synthetic must. H. vineae Y1034 carried out fermentation at equivalent rates in all fermentations,
while a minute difference across all fermentations was observed for H. uvarum Y1135 .
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Figure 10 Higher alcohols produced by 4 non-Saccharomyces strains during fermentation of synthetic must
with different nitrogen composition.

Analyses of volatile compounds indicate that the accumulation in non-Saccharomyces is depended on the
nitrogen source and the strain (Figure 10). Of the four strains used, C. flavescens yielded the highest
volatiles in respond to BCAAs suggesting that it metabolises this family of amino acids much more efficiently
that the Hanseniaspora spp. used. It thus worth monitoring the BCAAs when conducting fermentation in

must with a high abundance of C. flavescens.
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Figure 11 Classification of amino BCAAs based on their consequent aroma profile in real grape must.

Phenylalanine aroma composition showed a distinct profile and after doing a principal
component analysis is the profile stood out from the rest of the hydrophobic BCAAs
(Figure 11). This is not surprising because the leucine, isoleucine and valine share a
common biosynthetic pathway thus have common metabolism products. The aromatic
phenylalanine on the other hand has a different breakdown route and result in different
aroma. As expected, the variation in amino acid concentration also affected the volatile
metabolite production. This implies that even in real must supplementation of amino acids
will result in predictable alteration of wine aroma and the wine maker can possible predict
the wine character at the onset of the winemaking process.

7. COMPLETE THE FOLLOWING TABLE

using different

Milestone Target Date Extension Date Achievement
Date completed
L. Determine The impact of single and
kinetics of yeast mixed amino acid nutrients
growth and were fully established. The
sugar utilization dgta show that _different
in single amino wine yeast strains have
acid media similar, but not |dent|_cal
Dec 2012 Dec 2012 preferences for certain
amino acids, and that
specific combinations of
amino acids provide
different levels of support
for cellular growth. This has
significant implications on
feeding strategies
2. Quantify aroma . .
compound Different combinations of
production May 2013 Dec 2013 amino acids were

evaluated, and allowed the
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combinations of

establishment of prediction

amino acid models
sources.
. Model and
predict aroma Models were established
compound based on the data obtained
production August 2014 in synthetic musts with
based on different amino acid
composition of compositions.
synthetic must.
. Validation:
Quantify aroma The validation experiments
compound in real grape must showed
production July 2015 that the rules derived from
using different the synthetic must models
amino acid applied to the real must as
formulations in well.
real grape must
5. Evaluate the
effect of selected This part of the project is
nitrogen on-goi_ng. We ha\(e
treatments on established the nitrogen
aroma compound | December needs and the aroma
: production capability of
production by 2015 several non-
non- Saccharomyces species
Saccharomyces (also see progress report
yeasts on project 11/04)

8. CONCLUSIONS

The project proved that it is possible to predict and alter wine aroma my changing concentration
of single amino acids both in synthetic must and in real grape must. This knowledge is not only
essential to the wine industry but the greater food biotechnology industry. Also the study
confirmed the potential of various non-Saccharomyces yeast species and strains for the
improvement of wine quality or the development of new styles of wine.

9. ACCUMULATED OUTPUTS
List ALL the outputs from the start of the project. The year of each output must also be indicated.

Students graduated:

Anita Smit (PhD 2013)
Alex McKinnon (MSc 2014)
Simone de Koker (MSc 2015)

Published:

Fairbairn, S., A. Smit, D. Jacobson, B.A. Prior & F.F. Bauer. 2014. Environmental stress
and aroma production during wine fermentation. South African Journal for Enology and
Viticulture 35:168-177.

Submitted (to Food Microbiology)
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Musarurwa, H.T., A. McKinnon, A.Y. Smit & F.F. Bauer. 2015. The Effect of Amino Acids
on the Major Volatile Formation by Industrial S. cerevisiae yeast strains

Two further articles are under preparation.

a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS
Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s).

The data are contributing to a better understanding and use of various oenological tools such as
Saccharomyces and non-Saccharomyces yeast strains and nutrients. The data provide significant
base line knowledge for future prediction of the outcomes of wine fermentation based on the
analysis of the initial grape juice, and in the long ruin will provide wine makers with the knowhow
on how to specifically adjust grape must to achieve optimal aromatic outcomes.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER
Provide steps taken to ensure the transfer of the gained/new information/knowledge to ultimately benefit
the South African fresh fruit industry.

The data are being prepared for several popular articles in Wineland (one has been submitted)

c¢) HUMAN RESOURCES DEVELOPMENT/TRAINING
Complete the following table, adding more lines if necessary.

D Level of Total cost to
Student Name and Sl N Rl ﬁgie/f r(ie'g' studies in Graduation industry
Surname y MCon?m(;' final year of date throughout
project the project
Honours students
Miss Aviwe South African BSc (hons) 12/2014
Mahajana Agric.
Masters Students
Simone de Koker South African MSc Agric 12/2015
Alex McKinnon Canada MSc Agric 12/2014
Samantha Fairbairn South African MSc Agric 12/2011
PhD students
Anita Smit South African Phd (Wine PhD 12/ 2013
Biotechnology)
Postdocs
HT Musarurwa Zimbabwean
Support Personnel
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d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIE NTIFIC, SCIENTIFIC)
Please list using the format illustrated in the example below. ATTACH PDF COPIES OF ANY PAPERS
ALREADY PUBLISHED

Published:

Fairbairn, S., A. Smit, D. Jacobson, B.A. Prior & F.F. Bauer. 2014. Environmental stress
and aroma production during wine fermentation. South African Journal for Enology and
Viticulture 35:168-177.

Submitted (to Food Microbiology)
Musarurwa, H.T., A. McKinnon, A.Y. Smit & F.F. Bauer. 2015. The Effect of Amino Acids
on the Major Volatile Formation by Industrial S. cerevisiae yeast strains

e) PRESENTATIONS/PAPERS DELIVERED
Please list using the format illustrated in the example below.

Samantha C. Fairbairn, Anita Y. Smit, Dan Jacobson & Bauer, F.F. (2012) Combinatorial impact of multiple
fermentation stresses and of must nutrient composition on fermentation kinetics and aroma production of
wine yeast strains. Macrowine 2012, Bordeaux, France

Florian F Bauer (2012) Aroma metabolism in wine yeast strains: Evolutionary diversification through
transcriptional regulation. EMBO Conference Series: Experimental Approaches to Evolution and Ecology
using Yeast. Heidelberg, Germany (invited lecture)

Florian F. Bauer (2014) Environmental Perturbations, nutrients and yeast. 31st International Specialised
Symposium on Yeast (ISSY31). Nova Gorica, Slovenia (invited lecture)
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