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4. EXECUTIVE SUMMARY

Objectives and Rationale
The current report provides a synthesis of the research that was carried out over a 3 year period
from January 2016 to December 2018. The overall goal of the project was to tap into the natural
microbiota associated with vineyard and wine fermentation ecosystems. The study was localized
within the Stellenbosch wine region exploring the microbial biodiversity. We mainly determined the
biochemical and oenological characteristics of indigenous yeast isolates obtained from different
cultivars and different vineyards. Furthermore, we established a model yeast consortium as a tool
to decipher yeast-yeast interactions and population dynamics; and determine how different factors
influence fermentation kinetics and the wine fermentation ecology.

Methods
We employed culture based methods to isolate and enumerate yeasts present in grape must from
different vineyards. Non-Saccharomyces yeast strain differentiation was achieved through
genotyping methods such as Amplified Fragment Length Polymorphisms and microsatellite PCR,
as well as phenotyping methods to determine enzyme activity, H2S production, tolerance to ethanol
and SO2. Microvinification was performed in synthetic grape juice and real grape juice for
oenological characterization of selected strains, while FT-IR spectroscopy, GC-FID, HPLC and
enzymatic assays were used to measure various chemical compounds in the finished wine and
throughout fermentation.

Key Results
The most common species encountered in various grape musts were Hanseniaspora uvarum,
Metschnikowia pulcherrima, Lachancea thermotolerans, Starmerella bacillaris and Pichia terricola.
The data revealed spatial and temporal variations in the genetic diversity of H. uvarum isolates. At
the phenotypic level several extracellular enzymatic activities of oenological relevance were
measured in H. uvarum, Lachancea spp. and M. pulcherrima. Overall, β-glucosidase was present
in most isolates; while pectinase was absent in all species and isolates. Acid proteases were
detected only in M. pulcherrima strains. We found Lachancea lanzarotensis and Lachancea
fermentati strains with promising oenological potential when used in mixed fermentations with S.
cerevisiae. Overall, the mixed fermentations with L. lanzarotensis strains exhibited similar aroma
profiles to L. thermotolerans but generated slightly higher glycerol levels, while the L. fermentati
mixed fermentations wines were clearly distinct. In a multispecies consortium, L. thermotolerans
was shown to persist longer in fermentations and its activity was least affected by temperature and
SO2. The data revealed strong competition for nutrients with S. cerevisiae, resulting in slower
fermentations. S. bacillaris which is fructophilic showed cooperative interactions with S. cerevisiae
resulting in faster fermentations.

Key Conclusion of Discussion
Overall, we isolated, identified and characterized some of the yeast species frequently encountered
in grape musts in vineyards within the Stellenbosch wine region. We show that some of the species
have positive oenological attributes and produce wines with distinct chemical profiles when used in
mixed fermentations with S. cerevisiae. We demonstrate that by using a robust model consortium
we can predict the fermentation dynamics and possible aroma contributions of yeast inoculants in
different grape must matrices. Future work will build on this model consortium to unravel the
molecular mechanisms underlying the yeast-yeast interactions.
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Recommendation to Industry / Key take-home message
South African vineyards are a treasure trove of yeast isolates that show potential as co-inoculants
and can also be used to build models to study natural as well as mixed fermentation management
practices.

5. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

It is well known that wine fermentations, whether spontaneous or inoculated, are characterized by
multispecies participation, with the early stages of the spontaneous fermentation mainly driven by a
complex community of non-Saccharomyces yeasts. This diversity remains poorly characterised and
explored, but clearly represents an unused and potentially critical tool to achieve unique or specific wine
styles. In order to strategically exploit this diversity a more comprehensive characterization of vineyard
and cellar-associated microbiota is required. Essential areas to consider include the fermentation and
aroma potential of these communities, and ways to control population dynamics throughout fermentation.
Therefore, the current project seeks to (i) perform an in-depth inventory of South African vineyard
microbiota (ii) develop methods to rapidly assess the microbial community present in individual grape
juices after pressing; (iii) screen yeast isolates and consortia for properties of oenological interest; (iv)
evaluate the influence of winemaking practices on microbial population changes during fermentation.

Motivation

The grape must provides a treasure trove of microbial species that modulate wine fermentation and
influence wine quality. The oenological potential of these species has been investigated in monoculture
and in mixed-culture pairings with Saccharomyces cerevisiae. Studies show that during the fermentation
process a myriad of interactions between these species influence their metabolic output. In order to better
understand the contribution of microbial species it is important to build models that closely resemble the
natural systems.  A top-down holistic approach exploring microbial diversity in vineyards, isolating and
characterising species and building model consortia to decipher microbial interactions and biochemical
activities that drive certain aromatic profiles was deemed necessary. Model consortia are powerful and
versatile tools to study microbial interactions and evolution. In wine fermentation they can serve as tools
to study and predict the effect of winemaking practices on different microbial species and aroma
compounds in inoculated and spontaneous fermentations.

6. ACCUMULATED OBJECTIVES TABLE

Performance chart
Objectives Milestones Original Target Date Date achieved

O1. In-depth analysis of
South African vineyard
microbiota

M1.1 Employing
high-throughput rRNA
amplicon sequencing to
determine microbial diversity
in vineyards employing
different cover crops.

12/2018 In progress
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M1.2 Isolation and
identification of yeasts and
bacteria

12/2018 In progress

O2.Genotypic and
phenotypic characterization
of non-Saccharomyces yeast
species

M2.1 Genetic
characterization of
non-Saccharomyces yeast
strains using AFLP and
microsatellites banding
profiles
M2.2 Screening
non-Saccharomyces yeasts
for enzymatic activities and
positive fermentation
attributes

12/2018

12/2018

12/2017

12/2017

O3. Development of
multi-species microbial
consortia with different
sensorial outputs

M3.1 Evaluating the influence
of temperature, oxygenation
and nutrient supplementation
on yeast dynamics in
synthetic grape juice and real
must fermentation
M3.2 Evaluating the effect of
inoculum dosage on yeast
dynamics and wine chemical
composition

12/2018

12/2017

12/2018

02/2018

7. WORKPLAN (MATERIALS AND METHODS)
W 1.1 Employing high-throughput rRNA amplicon sequencing to determine microbial diversity in
vineyards employing different cover crops

Leaf samples from grapevine and cover crops, as well as grape berries were collected from selected
vineyards selected on the basis on the type of cover crop and farming practices. The grapes were
crushed under aseptic conditions and DNA was extracted directly from the must. For the leaf samples the
Phire plant direct PCR kit was used for direct amplification of microbial DNA from leaf tissue. Microbial
community structures were evaluated by direct amplification and sequencing of the bacterial rpoB gene
(encoding the RNA polymerase B subunit) and fungal ITS1-5.8S rRNA-ITS2 genes. Basic ecological
diversity analyses was performed and PCA analysis was employed to compare the microbial community
structures associated with cover-crops and grape berries.

W 1.2 Isolation and identification of yeasts and bacteria

Yeasts were isolated by spreading 100-µl aliquots of serially diluted grape must samples, onto Wallerstein
nutrient agar supplemented with 250 mg/L biphenyl and 34 mg/L chloramphenicol to suppress growth of
filamentous fungi and bacteria. For bacterial isolation, the grape must samples was spread-plated on
MRS agar supplemented with 50 mg/L natamycin. Plates were incubated at 30°C until growth is observed.
Single colonies were picked and purified by streaking onto fresh plates for two rounds or until a pure
culture is obtained. Yeast isolates were identified by amplification of the ITS1-5.8S rRNA-ITS2 gene while
the bacteria were identified by amplification and sequencing of the 16S rRNA gene.

W 2.1 Genetic characterization of non-Saccharomyces yeast strains using AFLP and microsatellites
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banding profiles

Non-Saccharomyces yeast strains were discriminated using Amplified Fragment Length Polymorphism
(AFLP) and microsatellites. The latter was optimised by Dr W Albertin from the University of Bordeaux.
The efficiency of the two methods to discriminate Hanseniaspora uvarum strains was tested compared.
For the AFLP work which was performed in South Africa, genomic DNA was extracted  by mechanical cell
lysis with glass beads. The AFLP reactions were performed with 1.5 µg DNA digested with EcoRI and
MseI at 37°C followed by ligation of the adaptor, non-selective PCR with the EcoRI-0 and MseI-C primer
pair, and then specific PCR with EcoRI-C and Mse-AC primer pair. Gel analysis was performed with
GeneTools version 4.01 (SynGene, Synoptics Ltd., Cambridge, England).

W 2.2 Screening non-Saccharomyces yeasts for enzymatic activities and positive fermentation attributes

In previous studies, tools have been developed to evaluate extracellular enzymatic activities and
fermentation properties at phenotypic and/or genetic level. These tools were used to screen the strains
isolated and identified in ongoing projects at the Institute for Wine Biotechnology in order to select the
strains possessing the most sought after oenological aptitudes. Briefly these included screening of yeast
isolates for β-glucosidase, acid protease, pectinase and chitinase activity. In addition, tolerance to ethanol
as well as the production of H2S was investigated. These tests were done using plate assays
incorporating different substrates in the agar. For ethanol, spot plates with serially diluted cell suspensions
were used. In addition, tolerance to SO2 was tested by subjecting isolates to different concentrations of
SO2 in synthetic grape juice medium. H2S production was tested on BiGGY (Bismuth sulphite Glycine
Yeast) agar. Fermentation kinetics were tested in synthetic grape juice medium and in some cases
validated in real grape juice.

Milestone 3.1 Evaluating the influence of temperature, oxygenation, nutrient supplementation on yeast
dynamics in synthetic grape juice and real must fermentation.

Automated Ribosomal Intergenic Spacer Analysis (ARISA) was used in conjunction with culture-based
methods to monitor the yeast dynamics during fermentation. Reproducibility of this method was optimized
to ensure reliable detection of various species (8 species) constituting a constructed yeast consortium.
This yeast consortium, includes weak, moderate and strong fermentative species, chosen on the basis of
previous literature as well as their frequency of occurrence in South African vineyards. The effects of
parameters such as temperature (15 - 25ºC), oxygen (1 - 5% Dissolved Oxygen) and SO2 on growth,
fermentation kinetics and secondary metabolite production were evaluated. These experimental
parameters have been selected on the basis of practices in the wine industry as well as previous
literature. HPLC, GC-MS and GC-FID were used for metabolite analyses. Nutrient supplementation was
excluded based on advice following the proposal presentation of the PhD student.

Milestone 3.2 Evaluating the effect of inoculum dosage on yeast dynamics and wine chemical composition.

The aim of this milestone was to determine the influence of the individual non-Saccharomyces yeast
species on population dynamics, fermentation kinetics and wine chemical composition. For each round of
fermentations, one species was inoculated at 106 cfu/mL while the remaining non-Saccharomyces
species as well S. cerevisiae were inoculated at 104 cfu/mL. The fermentations were performed in 500 mL
synthetic grape juice in triplicate. Static fermentations were carried out in triplicate, at 25°C. The samples
were withdrawn at two-day intervals to monitor the fermentation kinetics. Glucose and fructose were
measured using enzymatic kits, Enzytec™Fluid D-glucose (E5140), fructose (E5120) (Boehringer
Mannheim, R-biopharm, Darmstadt, Germany). The fermentations were considered finished when the
residual sugar (glucose and fructose) was less than 2 g/L.
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8. RESULTS AND DISCUSSION
W 1.1 Employing high-throughput rRNA amplicon sequencing to determine microbial diversity in vineyards
employing different cover crops

The commencement of the work in this milestone was delayed as we struggled to find a suitable PhD
candidate for a couple of years. Consequently, no data was generated. However, in 2018 we managed to
recruit a student, Mr. Ricardo Smart, who has started collecting data. Funding extension was requested
and denied. Nonetheless, the research will continue and some aspects of the milestone were restructured
and incorporated into another programme to allow the PhD student to complete his studies.

W 1.2 Isolation and identification of yeasts and bacteria (experiments performed by: Mikhayla
Williams)

Yeasts were isolated from Chenin blanc and Cabernet Sauvignon grape musts derived from the one vineyard in
2016 as a preparatory run for the MSc student. Only three species were found to be common in both musts (Table
1). Bacterial counts were very low (≤ 103 CFU/mL) and the isolation was not done.

Table 1. Yeast species isolated from Cabernet Sauvignon and Chenin blanc grape must from Stark-Conde
in 2016

Species Cabernet Sauvignon Chenin blanc

Hanseniaspora uvarum ✓ ✓

Saccharomyces cerevisiae ✓ ✓

Metschnikowia pulcherrima ✕ ✓

Pichia terricola ✕ ✓

Schizosaccharomyces pombe ✓ ✕

Pichia manshurica ✓ ✓

Candida apicola ✓ ✕

Candida parapsilosis ✓ ✕

Candida ishiwadae ✕ ✓

Candida sorbosivorans ✓ ✕

Wickerhamomyces anomalus ✕ ✓

Torulaspora delbrueckii ✓ ✕

Debaryomyces carsonii ✓ ✕
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Unfortunately the student that was assigned this project discontinued her MSc studies. Nonetheless, the project was

continued by Dr. Setati, and samples of Cabernet Sauvignon were collected from three vineyards located in three

different areas of the Stellenbosch wine regions. Thirty kilograms were collected from each vineyard. Yeast were

isolated from the initial must. The yeast communities were distinct even though some species were common across

the three samples (Figure 1A). Triplicate fermentations were performed for each vineyard. GC-MS was used to

measure the major volatiles. The three wines were clearly separated when principal component analysis was

performed on all compounds measured (Figure 1B).

Figure 1. (A) shows the yeast species composition in freshly crushed Cabernet Sauvignon grape must from three
vineyards, while (B) is the PCA observations plot showing the separation of the three vineyards based on the volatile
compounds measured by GC-MS.

W 2.1 Genetic characterization of non-Saccharomyces yeast strains using AFLP and
microsatellites banding profiles (Experiments carried out by: Warren Albertin and Evodia Setati)

A total of 115 Hanseniaspora uvarum strains mainly isolated from French and South African vineyards between 2003

and 2014 were compared using microsatellites and 77 by AFLP. Based on microsatellite analysis, South African

strains were mainly clustered in one group and are therefore distinct. Overall, microsatellites displayed better

discriminatory power than AFLP (Figure 2).
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Figure 2. Dendrogrammes of Hanseniaspora uvarum from microsatellite dataset (115 strains) and AFLP dataset (47

strains; Albertin et al., 2016)

W 2.2 Screening non-Saccharomyces yeasts for enzymatic activities and positive fermentation

attributes (experiments carried out by: Warren Albertin, Talitha Mostert, Tristan Porter, Laura

Cancel, Marina Bely)

Members of the genera Hanseniaspora, Metschnikowia, and Lachancea were characterised for their

biochemical and oenological properties.

Yeast isolates and strains of the species Metschnikowia pulcherrima, Lachancea spp. and Hanseniaspora spp. were

screened for β-glucosidase, acid protease, pectinase and chitinase activity. In addition, tolerance to ethanol and SO2

as well as the production of H2S was investigated. None of the isolates were found to produce pectinase. Thirty

strains of H. uvarum were screened and they all displayed weak β-glucosidase and acid protease activity. Only two

strains showed chitinase activity. Similarly, 77 M. pulcherrima strains of South African and French origin were

screened. Nineteen strains exhibited chitinase activity, while 45 and 50 strains exhibited acid protease and

β-glucosidase activity, respectively. Furthermore, 15 of the strains produced lower H2S levels than S. cerevisiae.

Similar fermentation attributes were observed amongst the strains (Table 2).

South African isolates of Lachancea thermotolerans, Lachancea lanzarotensis and Lachancea fermentati were

screened for β-glucosidase, acid protease, pectinase activity and β-xylosidase activity; SO2 and ethanol tolerance

as well as H2S production. β -Glucosidase activity was detected in all the isolates albeit with variation in substrate
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specificity (Table 3), while pectinase and protease activities were absent. The production of β-glucosidase

throughout fermentation was tested on Muscat grape juice. One of the strains, L. thermotolerans Y940 produced

high levels of cell wall associated and intracellular β-glucosidase activity throughout monoculture fermentations of

Muscat grape must. This was accompanied by significantly higher levels of eucalyptol and geraniol production, both

over their respective odour threshold levels. However, the levels were reduced in mixed cultures with S. cerevisiae.

Overall though, co-culture fermentations with different Lachancea spp. strains showed significant increase in total

esters, higher alcohols and volatile acids compared to S. cerevisiae monoculture.

Table 2. Main oenological characters in sterile Sauvignon blanc wine of 69 pure cultures of M. pulcherrima (except

for glycerol analysis, n=15) at 24°C, means of triplicate fermentations ± Standard deviation.

Minimum Maximum Average

Ethanol (% v/v) 2.51 ± 0.1 4.71 ± 0.1 3.23 ± 0.4

Lag phase (h) 22.8 ± 2.0 31.6 ± 1.8 27.3 ± 2.2

Vmax (g/L/h) 0.20 0.38 0.26 ± 0.03

CO2max (g/L) 22.5 ± 3.7 39.9 ± 1.2 28.2 ± 3.7

Yield ethanol/sugar (g/g) 0.27 ± 0.04 0.39 ± 0.01 0.34 ± 0.03

Volatile acidity
(g/L acetic acid)

0.18 ± 0.03 0.35 ± 0.03 0.26 ± 0.04

Volatile acidity/Ethanol (FP)
(g/L/% v/v)

0.057 ± 0.01 0.119 ± 0.01 0.08 ± 0.01

Glycerol (g/L) 2.84 ± 0.15 5.54 ± 0.43 4.00 ± 0.78
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Table 3. Screening of extracellular enzyme activity and H2S production on substrate specific agarose plates.
The strains chosen for further analysis are indicated with an asterisk (Porter et al., 2019).

Yeast species Strain/Isolate β-glucosida
se

β- xylosidase H2S production

Arbutin 4-MUG 4-MUX Bismuth

L. thermotolerans Y1202 + + + ++

Y1109 + + + ++

Y1017 + + + ++

Y1240 + + + +

Y1326 + + + ++

Y1206 + + + ++

Y1197 + + + +

Y1038 + + + ++

Y1295 + + + ++

Y513 + + - ++

Y905 + + + ++

Y940* + + + +

Y1220 + + + +

Concerto* + + - +

L. lanzarotensis CBS 12615* + - - +++

Y992-1 + - - ++++

Y992-6 + - - ++++

Y992-4 + - - ++++

Y992-5* + - - ++++

Y992-2 + - - ++++

Y992-3 + - - ++++

L. fermentati Y515* + + + +++

S. cerevisiae VIN13* + + + +
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+: Enzyme activity
observed; -: No
enzyme activity
observed; H2S
production: Low
production (+) to high
production (++++)
4-MUG:
4-methylumbelliferyl-β
-d-glucoside; 4-MUX:
4-methylumbelliferyl-β
-d-xyloside. Note: No
polygalacturonase
and pectinase activity
observed (not shown)
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W 3.1 Evaluating the influence of temperature, oxygenation, nutrient supplementation on yeast

dynamics in synthetic grape juice and real must fermentation (experiments carried out by:

Bahareh Bagheri and Jacques P Janse van Rensburg)

A model yeast consortium comprising 7 non-Saccharomyces yeasts (Hanseniaspora vineae, Metschnikowia

pulcherrima, Lachancea thermotolerans, Wickerhamomyces anomalus, Pichia terricola, Starmerella bacillaris and

Candida parapsilosis) as well as Saccharomyces cerevisiae EC1118 was constructed and used as a tool to decipher

yeast-yeast interactions and understand the drivers of population dynamics. The robustness of the model consortium

was tested in synthetic grape juice as well as in Chenin blanc in South Africa and Grechetto bianco in Italy. Chenin

blanc was used as the most widely planted white grape cultivar in South Africa, while Grechetto bianco was easily

accessible during the time of the study. The indigenous yeast community in both grape juices was determined prior

to inoculation with the consortium. The native yeast population in the Chenin blanc juice comprised S. cerevisiae

(4.85 x 103 cfu/mL), H. uvarum (4.20 x 103 cfu/mL), W. anomalus (3.34 x 103 cfu/mL), L. thermotolerans (2.60 x 103

cfu/mL), and M. pulcherrima (2.20 x 103 cfu/mL). In contrast, the Grechetto bianco yeast population consisted of H.

uvarum (5.20 x 104 cfu/mL), R. mucilaginosa (4.8 x 104 cfu/ mL), P. terricola (4.30  x 104 cfu/mL), M. pulcherrima

(3.70 x 104 cfu/mL) and S. cerevisiae (2.10 x 103 cfu/mL). The influence of SO2, temperature and oxygen on the

population dynamics and aroma compounds production were evaluated.  All fermentations were done in triplicates.

The following observations were made:

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

Version updated September 2018



13

The growth dynamics of the yeasts in the consortium remained fairly consistent irrespective of the fermentation

matrix and they were a good approximation of the growth patterns of the same species in natural

fermentations (see Figure 3).

Oxygenation enhanced the persistence of the non-Saccharomyces yeasts (see Figure 4).

Low temperature allowed for longer survival of non-Saccharomyces yeasts

SO2 affected the growth of yeast species in a species- or strain-specific manner. The growth of M. pulcherrima

was  inhibited and while a supportive effect was observed for S. cerevisiae, and a marginal effect on the

growth of others such as L. thermotolerans.

Overall, irrespective of variation in temperature or SO2, two species viz. S. bacillaris and L. thermotolerans

remained the most dominant non-Saccharomyces yeast species, persisting to the middle and end of

fermentation in most scenarios.

Figure 3. Yeast population dynamics in Chenin blanc spontaneous fermentation (A), S. cerevisiae inoculated
fermentation (B) and NS-Sc consortium fermentation (C). The following abbreviations were used for names of yeast
species. Mp: M. pulcherrima, It: P. terricola, Sb: S. bacillaris, Cp: C. parapsilosis, Lt: L. thermotolerans, Hv: H.
vineae, Hu: H. uvarum, IND.Sc: Indigenous S. cerevisiae (Bagheri et al., 2017).
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Figure 4. Population dynamics of the consortium of selected strains during the separate trials: aeration in the
absence of S. cerevisiae (A), anaerobic absence of S. cerevisiae (B), aerated presence of S. cerevisiae (C) and
anaerobic presence of S. cerevisiae (D).

W 3.2 Evaluating the effect of inoculum dosage on yeast dynamics and wine chemical

composition (experiments carried out by: Bahareh Bagheri and Paolo Zambelli)

In this study we used the yeast consortium to determine how the presence of individual species affected

the fermentation kinetics, population dynamics as well as the chemical composition of the final wine. One

species was inoculated/dosed at 106 cfu/ml while the remaining seven were inoculated at 104 cfu/mL.

The following observations were made:

High initial levels of S. bacillaris result in faster fermentation with rapid utilization of fructose compared to

glucose, while high initial levels of L. thermotolerans or H. vineae resulted in slow fermentations, suggesting

strong competition for nutrients with in particular S. cerevisiae (Figure 5).

M. pulcherrima, P. terricola and C. parapsilosis declined rapidly despite high initial density.

Regarding the chemical composition of the final wines, the NS-SC produced wine with the lowest total esters (6.52

mg/L) and volatiles acids (9.93 mg/L). Mp-dose, Cp-dose and Pt-dose wines contained the lowest levels of higher

alcohols while they generated the highest concentration of ethyl octanoate, ethyl decanoate, octanoic acid and

decanoic acid (Table 2). In contrast, the Hv-dose generated the highest total acetates (117.36 mg/L) and volatile acid

(16.06 mg/L), which could be attributed to high ethyl ethanoate and hexanoic acid, respectively. Furthermore, the
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Hv-dose produced 1105 mg/L ethanoic acid, which was the highest amongst all the inoculation regimes. Conversely,

the highest concentration of 3-Hydroxybutanone (15.89 mg/L) was recorded in the Sb-dose derived wine whereas

the highest concentration of 2-Phenylethan-1-ol (25.81 mg/L) was generated in Wa-dose wine.

FIGURE 5. Fermentation profiles showing the kinetics of sugar consumption (fructose (▲) and glucose (◼)) and
CO2 release (weight loss (●)), in (A) Mp-dose, (B) Cp-dose, (C) Pt-dose, (D), Wa-dose, (E) Hv-dose, (F) Lt-dose, (G)
Sb-dose and (H) NS-SC, in which Metschnikowia pulcherrima (Mp), Pichia terricola (Pt), Wickerhamomyces
anomalus (Wa), Hanseniaspora vineae (Hv), Lachancea thermotolerans (Lt) and Starmerella bacillaris (Sb) were
inoculated at high levels in the respective treatments, while in the NS-SC treatment they were all inoculated at 106
cfu/mL with Saccharomyces cerevisiae (SC) at 104 cfu/mL.
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Please indicate YES or NO if a PROJECT EXTENSION is required (if YES, contact Winetech)
NO

9. CONCLUSIONS AND RECOMMENDATIONS
The main aim of this project was to explore and exploit the South African microbial diversity for
sustainable oenology. We show with our current findings that the South African wine fermentation
ecosystems harbour yeast species and strains with desirable oenological characteristics. From our work,
the following conclusions can be drawn:

Lachancea lanzarotensis strains show similar oenological traits to L. thermotolerans. Members of this
species can be further characterised and explored as potential starter cultures.

South African Hanseniaspora uvarum strains are genetically distinct from most strains originating from
French vineyards and other fermentation substrates.

Metschnikowia pulcherrima strains show weak fermentation tempo but demonstrate broad enzyme
activities including chitinase, protease and β-glucosidase activity that render them desirable for
prevention of haze and for release of glycosylated monoterpenes.

Furthermore, we demonstrate that a yeast consortium constructed using South African isolates can serve
as a valuable tool to study and manipulate wine fermentation microbiomes or desirable outcomes.
Understanding the impact of winemaking practices on multispecies microbial consortia will provide the
wine industry with valuable information on how to adjust commonly monitored parameters to promote the
participation and contribution of desirable indigenous microbiota during fermentation. This will allow a
better control of important parameters such as ethanol levels and the enhancement of the release of
aromatic thiols.

10. ACCUMULATED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS

This project did not yield any commercial products but it did generate a reliable model yeast consortium that can be
used in small-scale fermentations to test different parameters in wine fermentation. Furthermore, it generated
valuable information on the oenological potential of strains of some of the frequently encountered wine yeast genera
and these represent good microbial resources that could be exploited further in future. The following outputs were
generated:
Peer-reviewed scientific papers (6)

Conference presentations (4)

2016: 1 research article and 1 conference presentation

2017: 2 research articles ad 2 conference presentations

2018: 1 research article and 1 conference presentation
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2019: 1 research article and 1 review article

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

Our aim is to publish the key findings in popular magazine (e.g. Wineland) in two sections with focus on
which fermentation parameters would influence yeast dynamics, framing the work around the inoculum
dosage of the different yeast species, SO2 and temperature.

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 students

Jacques P Janse van
Rensburg

South Africa BScHons Completed 12 000

Masters Students

Horatio H Morgan South Africa MSc Completed 12 000

Mikhayla Williams South Africa MSc Discontinued 34 000

Tristan J Porter South Africa MSc Completed 24 000

Jacques P Janse van
Rensburg

South Africa MSc Final 0

PhD students

Bahareh Bagheri Iran PhD Completed 125 530

Ricardo V Smart South Africa PhD 1st Year 0

Postdocs

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)

1. Porter T.J., Divol B., Setati M.E. (2019) Lachancea yeast species: Origin, biochemical characteristics and
oenological significance. Food Research International, 119: 378-389.

2. Porter T.J., Divol B., Setati M.E. (2019) Investigating the biochemical and fermentation attributes of
Lachancea species and strains: Deciphering the potential contribution to wine chemical composition.
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International Journal of Food Microbiology, 290: 273-287.

3. Bagheri B., Zambelli P., Vigentini I., Bauer F.F. Setati M.E (2018) Investigating the effect of selected
non-Saccharomyces species on wine ecosystem function and major volatiles. Frontiers in Bioengineering
and Biotechnology, 6:169

4. Morgan H.H., du Toit M. and Setati M.E. (2017) The grapevine and wine microbiome: Insights from
high-throughput amplicon sequencing. Frontiers in Microbiology, 8:820.

5. Bagheri B., Bauer F.F. and Setati M.E. (2017) The impact of Saccharomyces cerevisiae on a wine yeast
consortium in natural and inoculated fermentations. Frontiers in Microbiology, 8:1988.

6. Albertin W., Setati M.E., Miot-Sertier C., Mostert T.T., Colonna-Ceccaldi B., Coulon J., Girard P., Moine V.,
Pillet M., Salin F., Bely M., Divol B. and Masneuf-Pomarede I. (2016) Hanseniaspora uvarum from
Winemaking Environments Show Spatial and Temporal Genetic Clustering. Frontiers in Microbiology, 6:
1569. doi: 10.3389/fmicb.2015.01569

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED

Bagheri, B, Bauer FF, Setati ME (2016) Fermentation kinetics and population dynamics of controlled multi-starter
cultures. SASM 2016 Biennial Congress. Coastlands, Umhlanga. 17 – 20 January.

Bauer FF. From wine ecology to precision oenology. Invited keynote lecture at Yeasts for Sustainability in Viticulture
and Oenology, Milano, Italy, 2017

Bauer FF. The wine ecosystem – making the unpredictable predictable. Invited lecture at SASEV-the 40th,
Franschhoek, South Africa, 2017.

Setati ME, Bagheri B, Bauer FF. A model yeast consortium reveals potential interspecific interactions in a wine
fermentation ecosystem. Poster presentation at the 17th  International Symposium on Microbial Ecology at
Leipzig, Germany, 12 – 17 August 2018.

11. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply Chain Direct Grower
Application

Direct Packhouse/
Winery /  Cellar

Application
Other

✕

Other is:

The Value of the project to industry
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12. PERSONS PARTICIPATING IN THE PROJECT
Initials &
Surname

Highest Qualif Race (B, W) Gender (M, F) Institution &
Department

Position Cost to
Project

L. Engelbrecht MSc W F SU, IWBT TA R30000

T. Mostert MSc W F SU, IWBT TA

ME Setati PhD B F SU, IWBT PL

B Divol DSc W M SU, IWBT Co

F Bauer PhD W M SU, IWBT Co

D Rossouw PhD W F SU, IWBT Co

M du Toit PhD W F SU, IWBT Co

** (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 1240000 0 786281.4 0 2026281.4

2016 440000 120000 560000

2017 400000 134000 534000

2018 400000 134000 534000

2019 398281.4 398281.4

2020 0

2021 0
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2022 0

2023 0

2024 0

2025 0

2026 0

TOTAL 2026281.4
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