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4. EXECUTIVE SUMMARY

Objectives and Rationale
The nitrogen requirements of Saccharomyces cerevisiae have been assessed extensively.
However, those of the other wine-related microorganisms remain less well-studied currently. In the
context of mixed culture fermentation, it is critical to understand these requirements in order to
address potential competition for nutrient sources. The main objectives were to investigate the
effects of different combinations of S. cerevisiae, non-Saccharomyces yeasts and lactic acid
bacteria (LAB) with regard to their nutrient requirements and the impact thereof on competition with
S. cerevisiae and subsequently on aroma compound production. Nutrient requirements studied
mainly focused on nitrogen requirements, but a preliminary investigation into vitamin requirements
of non-Saccharomyces yeasts was performed.

Methods
The vitamin and nitrogen requirements of non-Saccharomyces yeast strains and strains of L.
plantarum were determined in synthetic grape juice. The impact of individual amino acids, complex
amino acid formulations, as well as commercial yeast nutrients, was determined for different
commercial wine yeasts (S. cerevisiae and non-Saccharomyces yeasts), in pure culture and in
different combinations. Growth, fermentation kinetics (primary and secondary), amino acid
utilisation and aroma compound production was determined for these scenarios, both in synthetic
grape must and in up-scaled real grape must trials.

Key Results
The trophic status of only four amino acids is identical in all tested L. plantarum strains and growth
conditions, namely auxotrophy for Glu and Val and prototrophy for Gln and Trp. All other amino
acids trophic requirements are strain and sometimes media dependent. In SGJ, Asp, Thr, Ser and
Ala tended to be taken up first, while branched chain amino acids, aromatic amino acid and Met
were taken up last. In Chardonnay grape juice L. plantarum assimilated Lys and Leu at higher
quantities than all other amino acids.
Regarding non-Saccharomyces yeasts, two largely different behaviours were observed: that of the
stronger fermenters which was similar to that of S. cerevisiae (although a few species-specific
differences were observed for certain amino acids) and that of the weaker fermenters. Clear
competition does occur between species of the first group.
Certain non-Saccharomyces yeasts seem to display different requirements for vitamins than S.
cerevisiae. This result suggests that the addition of certain vitamins could prolong the survival of
specific non-Saccharomyces yeasts, thereby enhancing their impact on wine properties.
The dynamics between species of S. cerevisiae and non-Saccharomyces yeast are similar in
synthetic must and in real must, suggesting that the synthetic must is an appropriate medium to
evaluate ecological systems in wine. The data show that population dynamics of complex
ecosystems are largely independent of the matrix, and support the concept of ecosystem
predictability.

Key Conclusion of Discussion
From the results regarding the combined grape must fermentation it is clear that the impact on O.
oeni and MLF was not influenced by non-Saccharomyces yeasts or the nutrient treatment when
tested in sequential inoculation.
The impact of the ecosystem on aroma and taste compound production can be directly linked to
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the nature of the dominant yeast species that are present during fermentation.
An ecosystem-based approach can deliver predictable results.

Recommendation to Industry / Key take-home message
Specific nutrient additions (vitamins, nitrogen sources, commercial complex nutrients) can favour
specific strains or species of yeast or LAB. This will allow winemakers to target their nutrient
additions more efficiently, in particular when using non-Saccharomyces yeast or LAB as
co-inoculants. For instance, the data show that the addition of nitrogen (DAP or preferred amino
acids) supports the persistence of the non-Saccharomyces yeasts.
The addition of amino acids that may be catabolised through the Ehrlich pathway enhance the
production of higher alcohols and acetate esters in a species-specific manner.

5. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification
It is necessary to expand nutrient research to more complex environments and in particular to
multispecies and mixed fermentations involving S. cerevisiae, species of non-Saccharomyces yeasts, as
well as O. oeni and L. plantarum. Furthermore, the role of yeast interactions and various environmental
factors (e.g. carbon sources, oxygen availability, temperature) on the fermentation outcomes and final
aroma needs to be determined. Collectively, our proposed research will yield data that are of direct
relevance to practical winemaking, and will lead to the development of better microbiological tools, an
aroma prediction model, tailored defined nutrient supplements and practical strategies to achieve desired
outcomes.

This project, together with the other projects submitted as part of the microbiology program, proposes to
further close the gap between scientific insights and practical wine making, and will lead to implementable
recommendations and novel tools to improve fermentation management and strain selection in
commercial cellar environments.

Motivation
The impact of the microbiological and environmental management of grape must fermentation on the
aromatic features of finished wine has been the focus of numerous research projects in our laboratory and
globally (for review see for example Gambetta et al. 2014; Styger et al. 2011a; Swiegers and Pretorius,
2005). Such projects have provided a basic understanding of the importance of the selection and
management of specific strains, or combinations of strains of yeast and LAB, to achieve desirable
aromatic outcomes, as well as on the genetic and metabolic regulations that are responsible for some of
the observed differences between strains (Rossouw et al; 2008; 2010; Styger et al. 2011b, 2013;
Swiegers et al. 2009). The data also provide some insights into the role of specific environmental factors
such as temperature or osmotic pressure on aromatic wine features (Fairbairn et al.; 2014). However, the
complexity of natural musts and of the microbiological ecosystem that is present in commercial
fermentation has thus far made it impossible to accurately predict the outcome of an industrial
fermentation.

Recent work in our environment and by other groups internationally is beginning to unravel the complex
metabolic interactions between the environment, the ecology of wine-relevant microorganisms,
fermentation kinetics and the aromatic features of the final product (Ferreira et al; 2014; Fairbairn et al.
2014, Rossouw et al. 2012). On-going research in our environment has for example significantly improved
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our understanding of the link between the nutritional composition of a grape must and the aromatic
profiles of the corresponding wines (Mc Kinnon, MSc thesis 2013; Smit, PhD dissertation, 2013).
McKinnon (2013) showed that the presence of specific amino acids leads to the predictable production of
specific aromatic compounds, while Smit’s data (2013) provide insights into how such predictable
outcomes are influenced and changed by the addition of more complex nutrient mixtures. Similarly, O.
oeni and L. plantarum was evaluated using specific nutrient addition and results showed that amino
acid-supplemented fermentations resulted in higher concentrations of esters, higher alcohols and fatty
acids but the concentrations were yeast-strain and inoculation strategy dependent. The results suggests
that the chemical composition of the fermentation medium, and the selection of yeast and LAB strains can
exert a significant influence on the aroma and flavour profile of the final wine (Maarman 2014). However,
these data relate to single strain inoculations in synthetic and laboratory-adjusted real musts in small
scale fermentations, and do not fully represent the environmental conditions that are encountered in real
natural fermentations when many other strains and species are present.

6. ACCUMULATED OBJECTIVES TABLE

Performance chart
Objectives Milestones              (Significant event

or stage in a project)
Target Date

Determine the impact of nutrients
(individually and as mixed treatments)
on aroma compound production by
strains of S. cerevisiae and selected
non-Saccharomyces yeast

Determine the nutritional (mainly amino
acids) requirements of selected
non-Saccharomyces yeasts
Analysis of volatile and non-volatile
chemical profiles of mixed fermentations
and control fermentations.
Analysis of volatile and non-volatile
chemical profiles produced in
fermentations supplemented with
different nutrient treatments

2016-2017

2. Assessment of a limited number of
environmental factors on the aromatic
output of fermentations

Evaluate the impact of nutrient
treatments in conjunction with
oxygenation and temperature on
metabolite production by different yeast
species in pure and co- culture.

2016

3. Assessing and predicting aroma
outcomes of nutrient treatments in
fermentation in real grape musts.

Comparative analysis of the metabolic
output of single strain fermentations and
mixed fermentation in different nutrient
–supplemented musts.
Chemical analysis of various grape
musts in terms of nitrogen composition
and prediction of the outcomes of mixed
fermentations vs single strain
fermentation in semi-industrial
conditions (together with N. Jolly).

2017-2018

4. Determine the impact of various
nutrient treatments on aroma

Chemical analysis of different
nutrient–supplemented musts after MLF

2016-2018
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compounds produced or modified by
different lactic acid bacteria

using different strains (both in
sequential and co –inoculation
scenarios) in combination with different
yeast strains.

7. WORKPLAN (MATERIALS AND METHODS)

Objective 1: Determine the impact of nutrients (individually and in combination) on aroma compound
production by strains of S. cerevisiae and non-Saccharomyces yeast

Milestone 1: Determine the nutritional (mainly amino acids) requirements of selected
non-Saccharomyces yeasts.

Selected non-Saccharomyces strains (and combinations thereof) will be evaluated in synthetic musts to
determine their nutrient utilisation modes during the early stages of fermentation. This will provide an
indication of nutrient availability for sequentially inoculated S. cerevisiae.

Milestone 2: Analysis of volatile and non-volatile chemical profiles of mixed fermentations and
control fermentations.

The selected strains and combinations thereof will be evaluated in synthetic musts with different
combinations of nutrients (amino acids, vitamins, oligo-elements). The fermentation properties and
population dynamics of the strains in these different conditions will be determined. Importantly, aroma
compound production will be evaluated at various stages of fermentation by GC-FID and GC-MS
analyses. The fermentations leading to the most significant or interesting differences in aromatic output
will be analysed in depth for all volatile and non-volatile compounds using comprehensive HPLC, GC-FID
and online GC-MS monitoring as described by Ferreira et al. (2014).

Milestone 3: Analysis of volatile and non-volatile chemical profiles produced in fermentations
supplemented with different nutrient treatments

Characterise the aroma impacts of individual nutrients (and later more complex defined nutrient
formulations) on the aroma compounds produced during fermentation with different combinations of S.
cerevisiae and non-Saccharomyces strains, as well as pure cultures, in synthetic must. Formulations
containing specific levels of individual amino acids will also be used to supplement real wine
fermentations and the aromatic impacts quantified by chemical analysis. These results will be used to
strengthen and validate prediction models generated previously in laboratory trials

Objective 2:

Milestone 1: Evaluate the impact of nutrient treatments in conjunction with oxygenation and
temperature on metabolite production by different yeast species in pure and co- culture.
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A limited number of selected fermentations will be carried out in bioreactors at controlled levels of oxygen.
Preliminary data have indeed suggested that oxygen levels have a major impact on population dynamics,
but it is unclear whether these changes in population dynamics lead to corresponding changes in aroma
compound production.

Objective 3:

Milestone 1: Establish prediction models: comparative analysis of the metabolic output of single
strain fermentations compared to mixed fermentation in different nutrient–supplemented musts.

All metabolic data will be evaluated for the contribution of the different species/strains, and kinetic
metabolic models will be fitted to these data. All available tools of multivariate data analysis, all well
established within the IWBT/DVO environment, will be applied to establish biologically meaningful
correlations. The data generated in objectives 1-2 will be used to predict the outcome of different nutrient
additions (in terms of population dynamics and aroma compounds produced) in multispecies
fermentations in real grape must at semi-industrial scale.

Milestone 2: Chemical analysis of various grape musts in terms of nitrogen composition and
prediction of the outcomes of mixed fermentations vs single strain fermentation in semi-industrial
conditions (together with N. Jolly).

The data generated in objectives 1-2 will be used to predict the outcomes of fermentation (population
dynamics and aroma compounds) in real grape must at semi-industrial scale. If funding allows (or if
additional funding becomes available), large scale fermentations will be carried out at the ARC Nietvoorbij
in 2017 and 2018, under the supervision of Dr Niel Jolly. The must will be chemically analysed before
fermentation, using all available analytical tools. The analysis will include amino acids and other nitrogen
compounds, vitamins, phenols, organic acids, carbon sources etc. Based on this initial analysis, selected
single and mixed inoculations will be applied, in line with the data generated in the previous objectives.
Should prediction be accurate, this would constitute a significant breakthrough for winemaking globally,
allowing winemakers to decide on inoculation strategies in a scientifically sound manner to achieve
desired outcomes.

Objective 4:

Milestone 1: Chemical analysis of different nutrient–supplemented musts after MLF using different
strains (both in sequential and co–inoculation scenarios) in combination with different yeast
strains.

Cabernet Sauvignon grapes were obtained from Welgevallen experimental farm. Sulphur dioxide (20
ppm) was added at crush and the grapes were thermovinified (80°C) to suppress the natural flora.  The
skins and juice were left overnight at 15°C to cool down, and were pressed and then treated with
clarification enzyme (Lafase ® He Grand Cru, Laffort, Australia) overnight at 4°C. The clear juice was
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racked-off and stored at -20°C until needed. The initial grape must characteristics were as follows: Free
SO2: 31 ppm; Total SO2: 41 ppm; TA:  5.22 g/L; pH: 3.6; Glucose (HPLC): 101.02 g/L; Fructose: 109.26
g/L.
Based on previous work, three nitrogen treatments were selected: ammonium (DAP), amino acids
preferred by yeast (arginine, glutamine and glutamic acid) and a treatment supplemented with both
branched chain (valine, leucine and isoleucine) and aromatic amino acids (phenylalanine).  In all
instances 100 mg/L of fermentable nitrogen was added, in the case of the amino acid treatments, each
individual amino acid contributed equally to the total amount of fermentable nitrogen.  The grape must
underwent the standard pH, titratable acidity, and SO2 analyses.
Alcoholic fermentation (1.4 L) took place at 20°C in quadruplet and was mediated by non-Saccharomyces
strains (25 g/hL)  Metschnikowia pulcherrima (Flavia®, Lallemand), and Lachancea thermotolerans
(CONCERTO™, Chr. Hansen) in addition to a Saccharomyces cerevisiae control strain (25 g/hL)  (Lalvin
EC1118™, Lallemand). In addition to the three nitrogen treatments mentioned above, a set of control
fermentations without any nitrogen additions and mediated by EC1118 were also performed. On day 2 of
alcoholic fermentation, the amino acid composition, ammonium and the volatile aroma compound
concentrations were determined, after which the non-Saccharomyces fermentations were inoculated with
EC1118. The population dynamics were determined throughout alcoholic fermentation and the
fermentation progress was monitored through total CO2 evolution. At the end of alcoholic fermentation,
wines underwent chemical analyses (amino acid composition, ammonium and volatile aroma
compounds).
The resultant wines underwent malolactic fermentation (MLF) mediated by O-Mega® (Lallemand, France)
and Lalvin VP41™ (Lallemand, France) and were selected on the basis of the wine parameters (pH,
ethanol and SO2 levels). Furthermore, to ensure that the starting matrix for MLF is the same, the alcoholic
fermentation strain and nutrient treatment quadruplets were pooled (with lees). These pooled wines also
underwent chemical analyses (amino acid composition, ammonium, and volatile aroma compouds).
The pooled wines were split into 8 aliquots of 700 mL. MLF was mediated in triplicate by 2 Oenococcus
oeni strains (VP41 and OMEGA) in addition to duplicate un-inoculated controls. The bacterial populations
were monitored three times in week 1 and then weekly as well as the malic acid concentration was
determined until completion of MLF. After the completion of MLF, wines underwent chemical analyses to
determine the amino acid composition, as well as the ammonium and the volatile aroma compound
concentrations.

8. RESULTS AND DISCUSSION

Objective 1: Determine the impact of nutrients (individually and in combination) on aroma compound
production by strains of S. cerevisiae, non-Saccharomyces yeasts and lactic acid bacteria.

Milestone 1: Determine the nutritional (mainly amino acid) requirements of selected
non-Saccharomyces yeasts and lactic acid bacteria.

Nitrogen requirements of S. cerevisiae were determined in a previous project (IWBT Y11-03). However,
those of non-Saccharomyces yeasts and lactic acid bacteria are mostly unknown. A new HPLC method
for the analysis of amino acid composition needed to be optimised in order to increase the analysis
throughput. This has now been achieved and samples could be processed for this project.
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Yeast nitrogen requirements

Single culture fermentations of non-Saccharomyces yeasts (i.e. Torulaspora delbrueckii, Lachancea
thermotolerans, Metschnikowia pulcherrima and Pichia kluyveri) were carried out in synthetic grape
juice-like medium in which the concentrations of each amino acid were equal in terms of nitrogen
equivalent in order to determine their preference. Fermentations were conducted in the presence or
absence of ammonium.

The results show that the presence of ammonium did not induce a major improvement in the fermentation
kinetics and only a slight increase in the maximum cell count. This trend was conserved throughout the
yeast species.
Whenever present, ammonium was fully taken up within 24h for all yeast strains, except for
Metschnikowia pulcherrima which took ±48h to assimilate all the ammonium. The latter result may
certainly be associated with the fact that M. pulcherrima was the slowest and poorest fermenter of all
yeast species investigated. However, the yeast species displayed different behaviours with regard to
amino acid uptake (see Figure 1 below).
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Figure 1: Kinetics of amino acid percentage uptake. Percentage uptake of 90% and above was
considered fully taken up (i.e. 100%). Negative values indicate amino acid release.

Overall, the uptake of most amino acids took place within the first 24 hours. The presence/absence of
ammonium only had a minor impact on the order of uptake except for Torulaspora delbrueckii and
Metschnikowia pulcherrima where the absence of ammonium induced a faster uptake of amino acids. For
the strong fermenters (i.e. S. cerevisiae, L. thermotolerans and T. delbrueckii), lysine was assimilated very

This document is confidential and any unauthorised disclosure is prohibited.
Consider all findings as preliminary

Version updated September 2018



10

early except when ammonium was not present for the latter 2. As expected, the uptake of certain amino
acids, such as proline, occurred only late. Generally, L. thermotolerans and T. delbrueckii displayed similar
assimilation patterns and took up most of the amino acids within 48h while M. pulcherrima and P. kluyveri
did not manage to take up fully most of the amino acids. In fact, the latter 2 species even released amino
acids initially. Although the amino acids were all present at the same concentration (in nitrogen equivalent)
in this experiment, it can be extrapolated that L. thermotolerans and T. delbrueckii are strong competitors
for S. cerevisiae whereas the weaker fermenters M. pulcherrima and P. kluyveri are not.

The experiment was repeated with amino acids and ammonium present at average concentrations found
in grape juice and by inoculating S. cerevisiae at 48h. The concentrations of ammonium and individual
amino acids were determined just before the addition of S. cerevisiae and the concentrations of major
fermentation-derived aroma compounds determined at 48h and at the end of fermentation. Additionally, in
separate flasks, the non-Saccharomyces were filtered out before the addition of S. cerevisiae.
Interestingly, in the latter experiment, the fermentations conducted by L. thermotolerans and T. delbrueckii
in the first 48h got stuck when these species were filtered out. This result confirms that these 2 yeast
species deplete the medium of nitrogen sources, thereby preventing S. cerevisiae to complete
fermentation. However, when these species remained in the medium, fermentations went to dryness,
suggesting that S. cerevisiae draws nitrogen sources from dead cells of L. thermotolerans and T.
delbrueckii.

Chemical analyses of amino acids and major volatile compounds were conducted on samples taken at
48h (just before the inoculation of S. cerevisiae) and at the end of fermentation. Special attention is given
on the amino acids that may be catabolised through the Ehrlich pathway, thereby leading to higher
alcohols, short chain fatty acids and their corresponding esters. The uptake of these amino acids at 48h is
shown in Table 1.

Table 1. Percentage uptake of amino acids involved in the Ehrlich pathway of pure cultures at 48h (before
sequential inoculation). An uptake of 90% or higher was recorded as 100% taken up. Pk: P.kluyveri; Mp:
M. pulcherrima; Lt: L. thermotolerans; Td: T. delbrueckii; Sc: S. cerevisiae.

Amino acid
→
Yeast ↓

Leu Val Phe Ser Thr

Pk 100 87 100 59 77

Mp 100 100 35 50 59

Sc 100 100 100 100 100

Lt 100 87 100 100 100

Td 100 100 100 100 100
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At 48h, the concentrations of major volatiles show that S. cerevisiae, L. thermotolerans and T. delbrueckii
are the strongest producers of propanol, which correlate with the fact that they are the strongest
consumers of threonine (and possibly serine as this amino acid can be degraded into threonine).
However, the high production of phenylethanol by M. pulcherrima did not correlate with its low
consumption of phenylalanine. This suggests that the amount of phenylalanine produced is likely to have
originated from sugar metabolism rather than that of phenylalanine in this species.
At the end of fermentation, some of the higher alcohols (e.g. phenylethanol, isobutanol, isoamyl alcohol)
were much higher (up to double the amount) in the fermentations with certain non-Saccharomyces yeasts
than in the controls (pure S. cerevisiae) (see Figure 2 below). Higher production of higher alcohols was
noted in the presence of M. pulcherrima and P. kluyveri than in the presence of L. thermotolerans and T.
delbrueckii. This is likely due to the strong competition for nitrogen sources highlighted above between the
latter 2 species and S. cerevisiae.

Figure 2: Concentration of higher alcohols at endpoint. Pk: P.kluyveri; Mp: M. pulcherrima; Lt: L.
thermotolerans; Td: T. delbrueckii; Sc: S. cerevisiae. Pk + Sc, Mp + Sc, Lt + Sc, Td + Sc: Sequential
fermentations. Pk + Sc filtered, Mp + Sc filtered, Lt + Sc filtered, Td + Sc filtered: Sequential
fermentations, however non-Saccharomyces yeast were filtered out before S. cerevisiae inoculation. a, b,
c: show statistical significance within each strain between treatments.

LAB nitrogen requirements
A base medium that was developed and first used in a plate assay displayed that there is huge variation
in the nitrogen requirements of the L. plantarum strains tested.  To verify and quantity the AA auxotrophy
results from the prior test, the L. plantarum strains were subjected to the same treatments in SGJ liquid
media. The data is represented in Fig 3. All the amino acid omission cultures were compared to a
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chemically defined culture with no amino acids exclusion (positive control). There are no consistent trends
regarding the growth or lack of growth in certain amino acid omissions. In 10 of the 20 amino acid
exclusions there was at least one or more strain(s) which could not synthesize the excluded amino acid
where other strain(s) demonstrated the ability to do so. These amino acids were Arg, Asp, Asn, Glu, Ile,
Met, Pro, Phe, Ser and Thr. There were only 4 amino acids which no strains were able to synthesize.
These amino acids were Ala, Cys, Leu and Val.  In the case of Gln, Gly, His, Lys, Trp and Tyr, amino acid
omission did yield growth, but disparities in growth were evident between strains when compared to the
individual growth vs the zero omission control. For example in a Gly omission SGJ, L. plan 65.1 produced
more than 100% growth while L. plan 83 and L. plan 85.1 generated 60% and 40% growth vs their
individual positive control. Also some omissions lead to neither a nullification of growth (in most cases) nor
a complete independence thereof. This was the case with the omission of Arg, Asp and Lys from SGJ.
The Glu omission which always screen negative for L. plantarum screened positive for strain L. plan 73. In
the same way the elimination of the branched chain amino acid (BCAA) Ile, whose absence always leads
to an auxotrophy in L. plantarum, in this case resulted in growth of 2 strains (L. plan 73.1 and 75).
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Figure 3: The % relative optical density OD600 of L. plantarum grown in single amino acid omission SGJ
relative to a zero amino acid SGJ control. The % relative optical densities in amino acid omission growth
results are represented in (A) Ala, Arg, Asp, Asn and Cys, (B) Glu, Gln, Gly, His and Ile (C) Leu, Lys Met,
Phe and Pro and (D) Ser, Thr, Trp, Tyr and Val.

In order to further characterise amino acid biosynthetic capability or incapability, 2 L. plantarum strains
(73.1 and 83) were subjected to malolactic fermentation in SGJ with an exclusion of an amino acid (Figs 4
and 5). Five amino acid requirements were chosen for further investigation: Ala, Val, Trp, Gln and Arg
based on the previous results, 2 essential (Ala and Val), 1 stimulatory (Arg) and 2 non-essential (Gln and
Trp) amino acid omission. L. plan 73.1 degraded malic acid only when Gln was omitted from SGJ. L. plan
73.1 had degraded half of the malic acid when Arg was omitted while only slight decreases in malic acid
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concentration were observed when Val and Ala were omitted. There was no amino acid exclusion in L.
plan 83 which could completely degraded malic acid at the same rate as the positive control; on the
contrary no amino acid omission resulted in a total decline in malic acid after 144 h. The optical density
results did align with the malic acid degradation results.

Figure 4: The uptake of malic acid in L. plan 73.1 (A) and L. plan 83 (B) when the amino acids Val, Ala,
Trp, Arg and Gln are omitted individually from the SGJ media. The fermentations included a no omission
control and a control in which all amino acids were omitted.
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Figure 5: The optical density at 600 nm for L. plan 73.1 (A) and L. plan 83 (B) when the amino acid Ala,
Val, Trp, Arg and Gln was individually excluded from the SGJ. Controls included a zero omission and a
control in which all amino acids were removed.

From the previous dataset 3 strains were selected based on their relative growth performance in
MRS-broth: 1) a strain which grew very slow (L. plantarum 83), 2) a strain with moderate growth rate (L.
plantarum 73.1) and 3) a strain with fast growth-rate(L. plantarum 85.1). In all three strains, the amino
acids Thr, Asp, Ser were completely assimilated at 144 h. There was a high assimilation of Ala, Glu, Arg,
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Lys and Leu while Ile, Tyr, Asn and Val always showed only moderate uptake. Among the BCAA’s, Leu
uptake was preferred, followed by Ile and Val. Among the AAAs Phe was the most preferred amino acid,
followed by Tyr. Asp was rapidly assimilated and was completely consumed by 72 h.  72 h coincides with
the time that the bacteria entered stationary phase. No other amino acid had been completely utilised by
this time point.

Milestone 2: Analysis of volatile and non-volatile chemical profiles of mixed fermentations and
control fermentations.

This milestone has been conducted with a number of non-Saccharomyces yeast species including those
listed in milestone 1 as well as certain isolates from South African grape juices such as Kazachstania
aerobia and Wickerhamomyces anomalus.

The following results were obtained for co-cultures of M. pulcherrima (MpSc), L. thermotolerans (LtSc), T.
delbrueckii (TdSc) and P. kluyveri (PkSc) individually with S. cerevisiae (Sc):

Overall trends per species:
LtSc: low [acetic acid], high [propanol], [butanol] and [2-phenyl ethanol]
TdSc: low [acetic acid], high [3-ethoxy 1-propanol]
MpSc: high [medium chain fatty acids], high [ethyl esters]
PkSc: high [acetate esters]

All co-cultures produced higher concentrations of higher alcohols than pure S. cerevisiae

They grouped together in a species-specific manner:
MpSc, PkSc and Sc clustered together, far apart from TdSc and LtSc.
TdSc and LtSc grouped closely, but distinctly. Overall, TdSc and LtSc were characterized by low
concentrations of acetic acid, high butanol and high propanol (especially for LtSc).

Comparatively, Sc, MpSc and PkSc exhibited high concentrations of fatty acids and esters of higher
alcohols and fatty acids. Overall, the total concentration of higher alcohols was the lowest in Sc than in all
other fermentations and the total concentration of medium chain fatty acids was the highest in Sc. MpSc
exhibited by far the highest concentrations of esters.

Regarding W. anomalus and K. aerobia, the results can be summarised as follows:

K. aerobia yielded higher levels of acetic acid and glycerol, but showed low productivity in synthetic media
while persisting throughout fermentation in real grape must.

W. anomalus isolates showed strong fermentative characteristics, produce high amounts of ethyl acetate
and quickly accumulate biomass but decline rapidly after inoculation of S. cerevisiae. The same trend was
also previously reported in literature suggesting that there must be a negative relationship between W.
anomalus and S. cerevisiae. The results therefore suggest that W. anomalus is not a good candidate for
winemaking.
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Milestone 3: Analysis of volatile and non-volatile chemical profiles produced in fermentations
supplemented with different nutrient treatments.

See objective 4, where these aspects are incorporated into one large-scale study.

Objective 2:

Milestone 1: Evaluate the impact of nutrient treatments in conjunction with oxygenation and
temperature on metabolite production by different yeast species in pure and co- culture.

The impact of nutrients and environmental factors on non-Saccharomyces yeast contribution to wine
character has been evaluated in depth for cultures and co-cultures of Torulaspora delbrueckii, Lachancea
thermotolerans, and Metschnikowia pulcherrima. Single and co-cultures of these species were used with
S. cerevisiae at different set levels of oxygenation in a fully on-line controlled bioreactor. The data clearly
demonstrate that the provision of oxygen impacts differently on each species. In general, increases in
oxygen support biomass formation and relative fermentation performance of the non-Saccharomyces
yeast when compared to S. cerevisiae. At low levels of oxygen, S. cerevisiae rapidly dominates the
fermentation, while at higher levels of oxygen, L. thermotolerans remains competitive and even dominates
completely. The data for the other two species show similar trends, but T. delbrueckii and M. pulcherrima
require higher levels of oxygen than L. thermotolerans to remain competitive (data not shown).

Importantly, the relative fermentation performance of each non-Saccharomyces yeast is directly reflected
in the aromatic profile of the corresponding wine (data not shown). Taken together the data clearly show
how the use of oxygen in a cellar can modulate the contribution of non-Saccharomyces yeast to the
fermentation outcome (data not shown).

Vitamin requirements of non-Saccharomyces yeasts

Population dynamics and fermentation kinetics of different non-Saccharomyces yeasts were monitored
when presented with varying concentrations of some of the most important vitamins for yeasts: biotin,
pantothenate, inositol, thiamine and pyridoxine. A high-throughput microtitre-plate based assay was
optimised to allow for vitamin requirements of selected non‑Saccharomyces and Saccharomyces yeasts
to be investigated (Figs 6-8). From the results, clear differences in the vitamin requirements amongst
different yeasts were observed. The most significant findings were for P. kluyveri Frootzen (biotin;
thiamine) and L. thermotolerans Concerto (inositol). Based on the collective dataset, different behaviours
can be highlighted: (1) no impact at all (e.g. S. cerevisiae with inositol), (2) fermentation improvement
when the vitamin is present but no real impact of the concentration thereof (e.g. S. cerevisiae with
thiamine), (3) saturation effect, i.e. improvement from 0 to first concentration but lower fermentation
performance when the concentration is increased beyond a certain threshold (e.g. Torulaspora with
thiamine). The data thus provide a better understanding of the vitamin requirements of yeasts and
suggest that supplementing grape juice with specific vitamins could prolong the survival of specific yeast
species. Further investigations are however necessary to ascertain the results, quantify vitamins in grape
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juice and test the impact of vitamin supplementation on yeast species survival and impact on wine
organoleptic properties.

Figure 6: The average absorbance values at 600 nm representing yeast growth in response to varying
concentrations of thiamine in 200 µL synthetic grape juice medium. Key: yellow: control; blue: double the
amount of thiamine; grey: absence of thiamine. Error bars represent standard deviation.
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Figure 7: The average absorbance values at 600 nm representing yeast growth in response to varying
concentrations of inositol in 200 µL synthetic grape juice medium. Key: yellow: control; blue: double the
amount of inositol; grey: absence of inositol. Error bars represent standard deviation.

Vitamin and strain combinations showing the most interesting trends or significant differences in the
small-scale screens were further investigated in larger volume fermentations in both pure and sequential
co-culture scenarios. Clear differences were observed for L. thermotolerans (inositol), M. pulcherrima
(thiamine) and P. kluyveri (thiamine, biotin). An example of growth data is included for L. thermotolerans
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and S. cerevisiae in fermentations with different concentrations of inositol.

Figure 8. Population dynamics expressed as average growth in CFU/ml of L. thermotolerans Concerto (A)
and S. cerevisiae (B) in monocultures respectively, as well as in co-cultures (C: sequential; D:
simultaneous). Solid line: L. thermotolerans; dashed line: EC1118. Key: yellow: control; blue: double
amount of inositol; grey: absence of inositol. Error bars represent standard deviation.

Two experiments were initiated. In a first set, different commercial complex nitrogen containing nutrients
were investigated in terms of their impact on the growth of different yeast species, as well as
metabolic/aromatic outcomes. Yeast assimilable nitrogen (YAN) is often one of the growth limiting
resources in grape must, and can vary significantly in concentration. Total YAN, but also the specific
composition thereof (amino acids, ammonium, urea etc) is important during wine fermentation for yeast
metabolism and growth, as well as for aroma production. The nitrogen requirement of Saccharomyces
cerevisiae is strain specific and can be relatively high or low. Traditionally, grape must is supplemented
with di-ammonium phosphate (DAP) to ensure optimal YAN levels. However, several complex yeast
nutrient products are commercially available. These complex nutrient products can consist of inorganic
nitrogen (DAP), organic (yeast-derived) and other compounds (vitamins, minerals, etc.). Most of the
currently commercialised nutrients have been designed for the wine yeast Saccharomyces cerevisiae.
However, with the current trend towards co-inoculation of S. cerevisiae with non-Saccharomyces yeast to
improve aroma and flavour complexity of wines, or to reduce ethanol and acetic acid yields, it has not
been established how these nutrients affect the population dynamics between S. cerevisiae and the
non-Saccharomyces yeasts in synthetic and natural grape must.
It is thus important to investigate how these complex yeast nutrient products affect the growth of both S.
cerevisiae as well as non-Saccharomyces yeast during fermentation. Therefore this study investigated the
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impact of seven complex commercial nutrient products and of standard DAP on different inoculation
strategies using commercial wine yeasts firstly in synthetic grape must.
In a first step, these products were analysed in terms of their nitrogen content (amino acids and
ammonium) (Table 2).

Table 2. Composition of individual nutrient products based on chemical analysis and product information
sheets. N/D – not detected, N/S – not supplemented, N/A – not applicable.

Y – 1 Y - 2 Y - 3 YM - 1 YM - 2 YM - 3 YM - 4 M - 1

Preferred
amino acids

52.9 21.4 59.4 4.9 2.7 6.1 2.7 N/D

Aromatic
amino acids

11.1 6.2 14.3 N/D N/D N/D N/D N/D

Branched
chain
amino acids

29.6 12.7 31.4 N/D N/D N/D N/D N/D

Other
amino acids

21.9 7.8 20.9 N/D N/D N/D N/D N/D

Ammonia 1.2 1.1 0.4 49.8 55.8 61.0 53.6 54.5

YAN
(calculated)

13.9 6.2 14.1 41.5 46.2 50.8 44.3 44.8

Supplement
ed (YAN)

25.2 38.4 26.3 N/S N/S N/S N/S N/S

Yeast
derived

Yeast
autolysat
e

Yeast
hulls

Yeast
autolysat
e

Inactivate
d yeasts

Inactivate
d yeasts

Inactivate
d yeasts

Inactivat
ed
yeasts

N/A

Minerals N/A N/A N/A DAP DAP DAP DAP +
AS

AS

Vitamins N/A N/A N/A Thiamine Thiamine Thiamine Thiamin
e
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In the following, these nutrients were added at recommended concentrations to synthetic and real must,
and total nitrogen was adjusted with DAP to be similar in all cases. An example of the data that have been
generated is shown in Figs 9 and 10. The results indicated that the nutrients had a significantly different
impact on individual non-Saccharomyces yeast and yeast combinations. Some nutrients could improve
the survival of non-Saccharomyces during sequential inoculation with S. cerevisiae. Selection of nutrients
can thus be used as a tool to favour the growth of non-Saccharomyces yeasts to ensure they contribute
significantly to wine flavour.

Figure 9. Fermentation rate (1.A) and maximum population (1.B) of S. cerevisiae EC1118. Means with the
same letter are not significantly different (P > 0.05).

Figure 10. Fermentation rate (2.A) and maximum population (2.B) of M. pulcherrima Flavia. Means with
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the same letter are not significantly different (P > 0.05).

We also investigated the impact of nutrients on a consortium of yeast using S. cerevisiae and three
non-Saccharomyces, in all possible strain combinations (i.e. single culture, and combinations of two, three
or four species). This study aimed at building a foundational data set to better understand yeast
ecosystem dynamics and to evaluate how individual interactions affect population dynamics and wine
aroma in more complex systems. An example of this data is shown in Figure 11, which shows the
dynamics of all four strains in a real must (150 L Chenin blanc) in semi-industrial conditions.
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Figure 11. Cell growth rate indicated as cfu/ml for tank D (frame a), combined results from tank E and F
(frame b), tank G (c) and combined tank H and I (d). The values are indicated in log. All y-axis displayed
as log CFU/ml and x-axis as hours.

The data showed that the laboratory scale and semi-industrial fermentations showed similar population
dynamics. Furthermore, the interactions observed in two-species interaction systems were broadly
confirmed in three and four species systems – the same species dominated – but the level of growth
could not be extrapolated between different levels of species complexity. This suggests that predictability
of ecosystem outputs (taste related compounds, aroma compounds, fermentation behaviour etc.) will be
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dependent on our ability to characterise the initial state of species composition of the ecosystem at the
beginning of fermentation.
Importantly, the chemical analysis of the volatile compounds produced by the various strain combinations
at the end of fermentation could be directly linked to the nature of the contributing species. This suggests
that an ecosystem-based approach will provide opportunities to predict and target specific aromatic
features of a wine based on the species and chemical composition of the initial must.

In summary, the data from Objective 3 show that:

The dynamics between species are similar in synthetic must and in real must, suggesting that the
synthetic must is an appropriate medium to evaluate ecological systems in wine. The data show
that population dynamics of complex ecosystems are largely independent of the matrix, and
support the concept of ecosystem predictability.

Specific nutrient additions (vitamins, nitrogen sources, commercial complex nutrients) can favour
specific strains or species of yeast. This will allow wine makers to target their nutrient additions
more efficiently, in particular when using non-Saccharomyces yeast as co-inoculants.

The interactions observed in two-species systems are not directly translatable to more complex
system (three or four species), although many, but not all, of the behavioural patterns are
conserved.

The impact of the ecosystem on aroma and taste compound production can be directly linked to the
nature of the dominant yeast species that are present during fermentation.

An ecosystem-based approach can deliver predictable results.

Objective 4:

The same 5 L. plantarum strains used in malolactic fermentation of SGJ were used in the malolactic
fermentation of Chardonnay A (Char A) while only L. plan 83 and 85.1 was used for the malolactic
fermentation of Chardonnay B (Char B). In Char A, both L. plan 83 and L. plantarum 85.1 completed MLF
at 48 h while L. plan 73.1 only managed to complete MLF at 72 h. The CFU/ml of L. plan 73.1, 83 and
85.1 at the end of MLF was 3.0x108, 1.5x108 and 4x108 respectively. While cell density of the former 2
strains remains constant after MLF, only L. plan 73.1 increased to 1x109 after 144 h. In Char B, L. plan
85.1 and 83 completed MLF in 24 h and 48 h with cell densities increasing to 2.83x108 and 3.7 x108
CFU/ml at the end of MLF. Furthermore the strains’ maximal CFU/ml count were 8.37x108 (L. plan 85.1)
and 4.4x108 (L. plan 83) and were reached 72 h after inoculation. This clearly shows that Char B favoured
MLF for L. plantarum.

The total amino acid assimilation ranged from 190-290 mg/L in Chardonnay during MLF. No amino acid
was completely assimilated by the end of MLF. Overall, L. plantarum mainly consumed Leu, Arg Lys, Ala
and Phe in grape juice. Although the % uptake of Ala and Arg is relatively low (> 20%) the absolute
uptake of Ala and Arg was high (Ala: 17-27 mg; Arg 20-38 mg/L) since these amino acids were present in
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high concentrations in the juice. The % uptake of Leu, Lys and Phe is also high (60-85%) and accounts for
more than 30 mg/L. 75-80% of Lys was taken up (20-22.38 mg/L). In terms of the BCAA and AAA, Leu
was taken up more than Ile and Val (32-36 mg/L vs 10 mg/L) and Phe was taken up more than Trp and
Tyr (18-21 mg/L vs 4-11 mg/L). The uptake of all the α-keto glutamic family of amino acids (Gln, Glu, Pro
and Arg) was very low with less than 20 % of uptake (data not shown).

Integrated Cabernet Sauvignon trail: nutrients, non-Saccharomyces yeasts and lactic acid bacteria

Ten treatments were carried out in total. One control fermentation with no nitrogen addition, inoculated
with EC1118 (None_EC1118) and then three different nitrogen treatment blocks. Two different amino acid
treatments, consisting of either a complement of preferred amino acids (‘Preferred’), branched chain
aromatic acids (‘BCAA’) and a DAP addition control (all additions to an equivalent YAN amount). For these
three nitrogen treatments, each was inoculated (in triplicate) with either S. cerevisiae only (EC1118), L.
thermotolerans (Concerto) or M. pulcherrima (Flavia). The L. thermotolerans and M. pulcherrima
treatments were all sequentially inoculated with EC1118 after 48 h. The fermentation kinetics and
population dynamics are shown in Figure 12.

A
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B

Figure 12. CO2 release over time for all nitrogen and strain combinations (frame A) and growth of yeast
over time to completion of alcoholic fermentation (frame B).

As expected, the S. cerevisiae fermentation showed the fastest fermentation rates, followed by L.
thermotolerans and lastly M. pulcherrima–inoculated fermentations showing the anticipated lowest
fermentation rates. Interestingly, in all three cases the DAP addition treatment showed the slowest rate of
fermentation, with the two amino acid additions showing similar (and higher) rates of fermentation
compared to the ‘no addition’ control and the DAP addition control for each species treatment.  Growth
rates broadly reflect these trends, as S. cerevisiae pure cultures (EC1118) showed fastest growth rates
and higher maximum cell counts. L. thermotolerans inoculation also led to relatively rapid growth rates,
although cell numbers declined rapidly following the inoculation of S. cerevisiae after 48 h. Nevertheless,
the nitrogen treatment had a significant impact. Indeed, the addition of “preferred” amino acids allowed the
population to maintain higher cell counts for longer while that of DAP and BCAA, although assimilated
rapidly by L. thermotolerans (Figure 12) did not, demonstrating that these nitrogen sources do not
promote extended survival. M. pulcherrima showed slower (and lower) growth or had a longer lag phase,
for all amino acids treatments. The experiment confirmed that M. pulcherrima’s cell count can be
enhanced by the addition of “preferred” amino acids which are those that are consumed the fastest
(Figure 12). Conversely, the addition of BCAA did not promote survival, which is consistent with the slow
uptake of these amino acids. Accelerated decline was observed in the presence of DAP which correlates
with the slow uptake of this nitrogen sources by M. pulcherrima. The S. cerevisiae viable cell counts
reached a higher maximum (similar to the S. cerevisiae-only EC1118 treatment) in these M. pulcherrima
treatments, compared to L. thermotolerans.
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Primary fermentation metabolites
While there were no statistically significant differences between ethanol and glycerol production for the
different nitrogen treatments, clear differences were evident for the different strain inoculation regimes
(Figure 13). Glycerol and ethanol showed the expected inverse correlation, with treatments showing the
highest glycerol levels also demonstrating slight reductions in ethanol content.  In line with literature,
ethanol levels were higher, and glycerol lower, in the pure S. cerevisiae treatments compared to L.
thermotolerans and M. pulcherrima. L. thermotolerans showed the highest glycerol level (1-1.5g/L higher)
compared to the EC1118 control, as previously reported (Mbuyane et al. 2018 FEMS Yeast Res 18,
foy084). While the differences in glycerol production between S. cerevisiae and M. pulcherrima were not
statistically significant, it is notable that the reduction in ethanol levels was similar for Flavia and Concerto.
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Figure 13. Ethanol (frame A) and glycerol production (frame B) at the end of alcoholic fermentation in all
nutrient and strain combinations. Values are the average of three repeats, ± standard deviation.

Nitrogen analysis
No ammonia was detected in any of the treatments at the end of malolactic fermentation, by the 48 hour
mark in fermentation, ammonia was only present in four treatments, namely the M. pulcherrima
–inoculated fermentations (60-80 mg/L) and the preferred amino acid treatment with L. thermotolerans (15
mg/L). As previously reported, M. pulcherrima is very slow at taking up ammonium (Prior et al. 2019, Food
Microbiol 79, 75-84).

Malolactic fermentation
Following alcoholic fermentation, MLF was conducted in two separate treatments with strains VP41 and
OMega. Control treatments were un-inoculated.
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Figure 14. Malic acid consumption in control, VP41 and O-Mega -sequentially inoculated MLF in each
nitrogen and yeast strain treatment, namely S. cerevisiae EC1118 (frame A), L. thermotolerans (frame B)
and M. pulcherrima (frame C).

While all but one (BCAA_EC1118_omega) malolactic treatments were successful, there was a clear
difference in the duration of MLF, with MLF in Concerto and Flavia –inoculated fermentations showing
overall faster rates of malic acid consumption, compared to the EC1118 –only control fermentations (Fig
14). What is also noteworthy, are that the branched chain amino acid additions for each strain treatment
resulted in the slowest MLF rates for strain OMega in particular. This highlights the complex interplay
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between nitrogen supplementation and yeast and bacterial strain identity on primary and secondary
fermentation outcomes. In general, O. oeni strain VP41 resulted in slightly reduced MLF completion times,
compared to the similar treatments for strain O-Mega.

Volatile aromatic analyses

Figure 15 below shows an overview of the data generated for the 33 volatile aromatic compounds that
were analysed at the end of alcoholic fermentation for all repeats and treatments. Clear groupings and
differences can be seen between the different strain and nitrogen treatments. EC1118 and Flavia produce
more similar aroma profiles compared to Concerto for all treatments. Interestingly, and in line with
expectations, the branched chain amino acid treatment resulted in an overall metabolic fingerprint that
was less similar to the preferred and DAP treatment. For the BCAA treatment, the differences between
strain treatments were also clearer for Flavia and EC1118.

Figure 15: PCA of total aroma compound dataset for branched chain amino acid treatment (blue),
preferred amino acid treatment (green), DAP addition treatment (red) and no addition control (yellow) for
Concerto (squares), EC1118 (triangles) and Flavia (diamonds).
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Figure 16: PCA of aroma compound data at the end of MLF conducted by VP41 and Omega (and no MLF
control) for all amino acid and yeast strain treatments. In frame A, the samples are coloured by nitrogen
treatment, and in frame B, samples are coloured according to the malolactic strain/strategy (blue for
VP41, green for Omega, red for the no MLF control). In all cases, squares represent Concerto treatments,
triangles EC1118, diamonds Flavia.

The results in Fig. 16 shows that in sequential inoculation of MLF their is no strain difference observed
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that the difference is related more to the nitrogen treatment and yeast used. this is inline with previous
results that strain difference is better expressed in co-inoculation in a grape matrix that still contains most
of the nitrogen that leads to the formation of aroma compounds.

Clearly, the impact of the nitrogen addition treatment has by far the most influence on the final aroma
profile generated, followed by yeast species as the second driver of aroma compound differences. Indeed,
the addition of BCAAs, although it did not promote yeast cell growth, allowed all the yeasts to produce
much greater concentrations of higher alcohols and acetate esters. The presence of L. thermotolerans
also drastically reduced the production of volatile fatty acids and their corresponding ethyl esters. Overall
the addition of DAP and preferred amino acids resulted in similar aroma profiles, but that of DAP was the
mostly unfavourable to the production of volatile aroma compounds. Indeed, even if preferred amino acids
cannot be metabolised through the Ehrlich pathway, the yeasts produced slightly more aroma compounds
when provided with those amino acids compared to DAP.

Evidently, the identity of the strains used for MLF did not contribute significantly to differences in the final
aroma compound levels of the 33 compounds considered in the analysis. However, we cannot conclude
that there was no aroma impact for the strains used since many minor esters were not quantified which
may contribute to sensory differences for wines from the two MLF strain treatments.s

Please indicate YES or NO if a PROJECT EXTENSION is required (if YES, contact Winetech)
NO

9. CONCLUSIONS AND RECOMMENDATIONS
The nitrogen requirements of commonly encountered or commercially available non-Saccharomyces
yeasts and lactic acid bacteria have now been established. The data clearly indicate competition between
S. cerevisiae and some non-Saccharomyces yeasts (especially the stronger fermenters amongst the latter
category) for specific amino acids, and show that such competition also impacts fermentation kinetics and
aroma formation. The suitability of certain non-Saccharomyces species for winemaking was also
assessed based on their major volatile compounds. The data confirmed that the addition of nitrogenous
compounds may prolong the survival of non-Saccharomyces yeasts in a nitrogen source specific manner.
Similarly it can influence the production of aroma compounds.

The differential growth responses of selected non-Saccharomyces yeasts to different concentrations of
vitamins in pure culture identified key vitamins required to support the growth of specific
non-Saccharomyces yeasts. In co-culture, the availability of specific vitamins was shown to favour the
growth and persistence of certain non-Saccharomyces yeasts in co-culture with S. cerevisiae. Further
investigations are however required to confirm these results and establish whether a supplementation in
certain amino acids could prolong the survival of specific yeast species, thereby enhancing their impact on
wine organoleptic profile. Likewise, commercial nutrients impact the fermentation kinetics of co-culture
fermentations, as well as, in particular, the persistence of weakly fermentative yeasts such as M.
pulcherrima and P. kluyveri to later fermentation stages.

Amino acid auxotrophies were determined for L. plantarum. This study increased our knowledge
surrounding L. plantarum’s amino acid metabolism. L. plantarum are unable to grow well or complete MLF
without the availability of certain amino acids: Asp appears to be a limiting factor for biomass formation.
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Asp was the only amino acid that was completely consumed by all bacteria by the time the bacteria
reached stationary phase.

The combined fermentation experiment showed that nitrogen was the biggest driver related to aroma
compounds produced. This is crucial knowledge as the tendency to co-inoculate or sequentially inoculate
all three groups of microbes in wine fermentations is becoming more popular to drive wine aroma diversity
and therefore the nitrogen management is important to ensure that each group can contribute to the
fermentation aroma profile.

10. ACCUMULATED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS

The research plan as originally proposed was not intended for, or focussed on commercial product
development. Outputs are conceptual and knowledge–based. A greater understanding of pure and mixed
cultures of wine relevant non-Saccharomyces yeast and lactic acid bacteria was generated, with a specific
focus on the impact of nutrients (mainly nitrogen). The new knowledge gained improves our ability to
control multispecies fermentations for favourable outcomes. Based on our findings, we are also able to
select appropriate nutrients to enhance the impact of desirable yeast and bacteria, though more work is
needed to assess a wide range of species combinations and conditions. The impact of different strain
combinations and nutrient formulations on aromatic outcomes was also the first important step towards
predicting and controlling wine aroma based on strain selection and nutrient regimes. Our study was
pioneering in this sense, and paves the way for additional research to build on this foundation. Continuing
research in this field will improve the ability of winemakers to control fermentation outcomes in practice in
future.

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

The knowledge gained in this project allows for a better control of non-Saccharomyces yeasts and
bacteria, especially in mixed culture scenarios. This knowledge should be transferred to winemakers via
popular articles but also through talks at information days (SASEV, VINPRO) or short courses at the DVO.

c) HUMAN RESOURCES DEVELOPMENT/ TRAINING (STUDENTS)
Student Name and
Surname

Student Nationality Degree (eg MSc
Agric, MComm)

Level of studies in
final year of project

Total cost to industry
throughout the
project

Honours

Masters

IJ Botma South African MSc completed 24 000

KJ Prior South African MSc completed 24 000
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JM Julies South African MSc completed 17 000

L Beukes South African MSc 3rd year 60 000

J Nutt South African MSc completed 44 000

PhD Students

K Shakawat Indian PhD Completed 72 050
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Other is:

The Value of the project to industry

12. PERSONS PARTICIPATING IN THE PROJECT
Initials &
Surname

Highest
Qualif

Race (B, W) Gender (M,
F)

Institution &
Department

Position Cost to
Project

@

S Fairbairn PhD B F IWBT RA 30 000

L
Engelbrecht

MSc W F IWBT RA 70 000

J Van der
Merwe

W F IWBT TA 20 000

J Williams B F IWBT TA 25  000

T Jansen B F IWBT TA 20 000

** (Only applicable to persons who participate as Consultants or on Contract)

(3)Position Co = Co-worker ( other researcher at your institution)
Coll = Collaborator ( participating researcher that does not receive funding for this project from

industry)
PF = Post-doctoral fellow
PL = Project leader
RA = Research assistant/ student
TA = Technical assistant/ technician

13. BUDGET

TOTAL COST SUMMARY OF THE ENTIRE PROJECT
TOTAL
ANNUAL
COSTS
(ALL
YEARS)

CFPA RAISIN
SA

SAAPPA-
SASPA

SATI Winetech ARC THRIP OTHER TOTAL

TOTALS 0 0 0 0 1180000 0 395000 0 1575000

2016 380000 127000 507000

2017 400000 134000 534000

2018 400000 134000 534000

2019 0

2020 0
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2021 0

2022 0

2023 0

2024 0

2025 0

2026 0

TOTAL 1575000
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