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3. EXECUTIVE SUMMARY  
 
 

Background: 

From an economic perspective, consumer perception and liking are the most relevant 

attributes of a food item. Scientifically, however, consumer perception and liking are considered 

soft concepts that frequently do not satisfy scientific requirements for repeatability or long-term 

reproducibility. As a consequence, it is most commonly the chemical analysis of a product which 

provides the final set of “hard” scientific data for the assessment and evaluation of a product.  

An important aim of food science today therefore is to bridge this gap and to link sensory 

perception and liking to a chemical profile. This aim is of particular relevance for wine.  

A first step in better aligning sensory and chemical profiles is to characterize the 

chemical profile that defines the generic product character. Translated in wine terms, the 

question could be phrased as “What makes a wine a wine?”  

It has already been established that “wine” is one of the food items most easily 

recognised by consumers, but we do not understand what the sensory signature “wine” 

represents in chemical terms. Mixing a certain number of wine chemicals does indeed not lead 

to a clear tasting perception of “wine”. 

 

Approach: 

The project used an original and novel approach to extract a chemical wine signature 

from sensory characterised “synthetic” wines. Contrarily to previous projects, the approach was 

driven by sensory analysis, and chemical treatments were designed in response to previous 

rounds of sensory profiling. Saccharomyces cerevisiae was utilized to mediate the conversion of 

a synthetic grape juice medium to a matrix that resembles wine. As a synthetic medium was 

used, we could manipulate the composition of aroma precursors, resulting in specific changes 

to the chemical and sensory profiles of the fermented product.  

After several iterations of the experimental feed-back circle ((i) adjust the composition of 

synthetic must ii) fermentation and (iii) sensory analysis of wine likeness), we were able to 

design a synthetic grape juice that, after fermentation, resulted in aroma profiles that were 

judged as wine-like as control real wines.  
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Highlights  

This finding has numerous relevant implications:  

1. The data convincingly show that an underlying chemical “wine signature” does exist. 

This signature results in the mental identification of a product as wine.  

2. This wine-like aroma is entirely due to the fermentative activity of yeasts, since the 

synthetic juice only contains non-volatile compounds that primarily serve to sustain 

yeast growth. This does NOT imply that yeast is responsible for the final quality of a 

product, but that our brain recognises “wine” first of all as a fermentation derived 

product. Other aspects such as the specific aromatic and flavor profile of each wine 

will depend on the interactions between the grape matrix and the wine microbial 

community.   

3. The data suggest that lipid composition of the synthetic must, and in particular, the 

proportion and nature of fatty acids, ergosterol, and phytosterols, leads to significant 

differences in the perception of a product as wine or not wine.  

4. The project has resulted in a new recipe for synthetic grape must which will allow us 

to expand the use of this important research tool to include sensorial evaluation. The 

existence of such a standardised tool is essential for the scientific evaluation of the 

contribution of new yeast and bacterial strains, and of combinations thereof, to the 

sensory profiles of wines.  

5.  From an industry perspective, the investigations have revealed new factors that 

clearly play an important role in the fermentation outcome and final wine aromatic 

profile. The metabolic pathways responsible for these differences remain poorly 

understood, but the project has opened new avenues of further investigating links 

between grape must composition and final wine character, and to provide the 

industry with new tools to better assess the aromatic potential of a grape juice.   

 

 
4. PROBLEM IDENTIFICATION AND OBJECTIVES 

Wine is a product which is widely analysed and described, from both a chemical and a 

sensory perspective. Despite this abundance of research, we still do not understand 

which chemical compounds, or combination of compounds, are responsible for the 

perception and identification of a product as “wine”. Several studies have sought to 

extract or reconstitute the wine chemical feature, but have yet to identify the minimum 

wine signature essential for the perception of wine. 
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This study seeks to identify the metabolic features that are responsible for the 

perception of a product as wine, using a biological rather than a chemical approach. 

The flavour active metabolites that impact on wine aroma are derived from the grapes, 

the fermentation, as well as from other chemical processes during wine production and 

maturation. Additionally, several studies have reported that factors such as the 

fermentation conditions, the genetic make-up of individual strains and availability of 

precursors, play an important role in the modulation of aroma production. Therefore 

wine flavour is to a large extent a direct function of the chemical composition of the 

initial grape must. Unfortunately grape must is a highly complex and variable matrix, 

even before the onset of alcoholic fermentation. Synthetic grape must has a defined 

composition, and is therefore easily manipulated according to the experimental 

requirements.  

 

Synthetic “wines” will be made from a chemically defined grape must; varying in 

its nitrogen, sterol and fatty acid composition. Fermentations were mediated by a single 

Saccharomyces cerevisiae yeast strain. The resultant synthetic wines were 

metabolically profiled through targeted or untargeted analyses, in addition to sensory 

analysis. The data generated in each round of fermentations informed the fermentation 

conditions selected for subsequent experiments.  

 
 
 
 
 
 
 
 
 
 
5. WORKPLAN (MATERIALS AND METHODS) 

In order to evaluate the influence of nitrogen on the production of the wine-like feature, 

Saccharomyces cerevisiae (VIN13) was used to mediate the conversion of synthetic 

grape must (Henschke and Jiranek, 1993), supplemented with various amino acid 

treatments (200 mg/L YAN, Table 1), in to a wine-like matrix. The wine relatedness of 

this fermented matrix was determined via sensory and chemical analyses (GC-FID, 

Louw et al., 2009).  
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Table 1. Nitrogen treatments applied to evaluate wine relatedness using sensory and 
chemical techniques. The total YAN amounted to 200 mg/L with each amino acid 
contributing equally to this.  
 

 
 

 
 
 
 

 

 

Using the data obtained in the previous experiment, we sought to evaluate the 

sensory space between the aromatic amino acid treatment and the all amino acid 

treatment. This was achieved by a reduction in the aromatic amino acid content, as 

illustrated in Table 2. As before, resultant wines underwent sensory and chemical 

evaluations. 

The further alleviation of the chemical character was explored by means of 

modulating the anaerobic factor composition. Fermentations were conducted to 

determine the chemical (GC-FID) impact of supplementation with ergosterol (20 mg/L), 

phytosterol, Tween80 and oleic acid, independently and in combination with each other 

(10 mg/L of each). 
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Table 2. Nitrogen treatments applied to evaluate wine relatedness using sensory and 
chemical techniques. The total YAN amounted to 200 mg/L with each amino acid 
contributing equally to this. 
 

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

 
Chemically, the synthetic wines obtained differed significantly from each other, 

particularly the aromatic amino acid treatment (Figure 1B), yet these products were 

regarded as being similar “sensorially” (Figure 1 A). Furthermore, the sensory data 

revealed that wine consumers were readily able to recognise the wine like feature in 

commercial wines, confirming that the approach would be satisfactory for the 

identification of the wine like feature in synthetic wines.  

With regard to the chemical data, the first principle component describes most of 

the variation (56.51%) within the dataset (Figure 1B). This separation of the data is 

partly due to the high levels of isoamyl alcohol (leucine), isoamyl acetate (leucine), 

isovaleric acid (leucine), 2 phenyl ethanol (phenylalanine), 2-phenylethyl acetate 

(phenylalanine), and isobutanol (valine), and isobutyric acid (valine) in the aromatic 

amino acid treatment, with the second highest concentration of these compounds being 

found in the all amino acid treatment (Smit, 2012). This is expected, as these treatments 

contained the amino acid precursors for the formation of these higher alcohols, volatile 

fatty acids and acetate esters. Furthermore, this high concentration of higher alcohols 
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may also be the reason for the sensory association of the aromatic and all amino acid 

treatments with whiskey as shown in figure 1A. 

A. 

 
 
 
 
B. 

 
 
 
 
 
 

Figure 1. The multidimensional scaling of consumer sorting data of synthetic wine 
samples (A), as well as the principle component analysis of the major volatile 
composition as determined by GC-FID (B). 
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Interestingly, of the remaining treatments, the used but not preferred nitrogen 

sources also resulted in higher concentrations of most of the higher alcohols despite the 

absence of the amino acid precursors (Figure 1B). This suggests that this nutrient 

modality promotes the de novo synthesis of higher alcohols. As suggested by the 

sensory data, the preferred and ammonium treatments resulted in very similar major 

volatile profiles, with a few exceptions, such as an increase in the acetic acid and ethyl 

acetate concentrations of the preferred treatment. 

In order to explore the sensory impact of the aromatic amino acids, their 

percentage contribution was reduced as shown in table 2, in the hope that lower 

concentrations of higher alcohols would result in less solvent-like/ chemical aroma 

profiles. As before, synthetic wines underwent sensory evaluation, as well as a rating of 

their resemblance to wine where 1 is the most and 9 the least wine-like (Figure 2). As 

expected, increasing concentrations of aromatic and branched chain amino acids 

resulted in increasing concentrations of the corresponding higher alcohols, volatile fatty 

acids and their associated esters (Figure 2 C). This progression was not seen in the 

correspondence analysis of the sensory data (Figure 2 A). The correspondence 

analysis shows that all treatments are clustered around the central point between (-0.8 

and 0.8) (Figure 2A), suggesting that consumers struggled to verbalise the subtle 

differences between treatments that the chemical analysis was able to detect (Figure 

2B). Consumers easily identified the wines provided as such, as illustrated by the tight 

cluster of the ranking points (Figure 2B). In contrast, the synthetic wines ranking were 

widely scattered, indicating a lack of consensus around the perceived wine-like feature. 

 

A. 
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B. 

 

C. 

 

 

C. 

 

 

Figure 2. The multidimensional scaling of consumer sorting data of synthetic wine samples 
(A), wine like ranking where the black circle represents the average and the black square the 
median ranking assigned (B) as well as the principle component analysis of the major volatile 
composition as determined by GC-FID (C). 
 

 

The alleviation of the chemical character was further explored by means of 

modulating the anaerobic factor composition. Other studies have addressed the impact 
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of increasing concentrations of sterols and fatty acids on fermentation parameters 

(Rollero et al 2014, Duan et al 2015), whereas this study seeks to examine the impact 

of fatty acid and sterol interactions on fermentation and chemical parameters.  

Anecdotal data obtained in our lab suggested that the anaerobic factor formulation 

previously used was associated with a chemical solvent trait, whereas treatments 

without Tween80 were described as a more acceptable base matrix for the evaluation of 

the wine-like feature. Consequently, fermentations were conducted to determine the 

chemical impact of supplementation with ergosterol, phytosterol, Tween80 and oleic 

acid, independently and in combination with each other. Preliminary findings affirm the 

essential role supplementation of sterols and unsaturated fatty acids play in 

fermentation kinetics (Figure 3 A). Data suggest that sterol supplements (ergosterol and 

phytosterol) were better able to support fermentation kinetics than unsaturated fatty 

acids (oleic acid and Tween80) when used independently. However, when unsaturated 

fatty acids were used in concert with sterols, an improvement in fermentation 

performance was observed. In contrast, supplementation with fatty acids alone resulted 

in kinetics resembling that of the untreated control. These differences in fermentation 

kinetics were mirrored by differences observed in population development, where the no 

fatty acid/sterol, Twe+Ole, Ole only, and Twe only treatments resulted in a smaller 

maximum yeast population sizes (OD data not shown). 

The expression of alcohol acetyl transferase (AFT1), responsible for the synthesis of 

acetate esters, is inhibited by aeration or supplementation with unsaturated fatty acids 

(Fujii et al 2007). In agreement with this, fermentations treated with unsaturated fatty 

acids yielded lower concentrations of acetate esters (Figure 3 B). In contrast, 

fermentations supplemented with sterols displayed a comparative increase in acetate 

ester production, suggesting the possibility that sterols do not repress AFT1 or a varying 

degree of repression. However, this assertion warrants further investigation. 

   

To our knowledge, this is the first study to report on a non-linear response to 

combinations of sterols and fatty acid with regard to the resultant volatile profiles and 

may serve as an addition means of modulation wine aroma profiles.  
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A. 

 
B. 
 
 
 
 
 
 
 
B. 
 

 
 

Figure 3. The impact of various sterol and fatty acid treatments on fermentation kinetics (A), 
the log2 fold change data acetate esters as determined by GC-FID (B). 
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7. COMPLETE THE FOLLOWING TABLE 
 

Milestone 
Target Date 

 
Extension 

Date 
Date 

completed 
Achievement 

Extensive literature 
review 

  December 
2017 

 

Making synthetic 
wines 

July 2015  
June 2017 

A synthetic must that leads 
to a more wine-like product 

Sensory evaluation 
of synthetic wines 

October 2015  
June 2017 

We are continuing to 
evaluate the sensory 
impact of treatments 

Chemical analyses 
of synthetic wines 

December 
2015 

on-going December 
2017 

On-going with treatments 

Data integration 
and evaluation of 
chemical and 
sensory data 
 

December 
2015 

on-going 

December 
2017 

New connections between 
grape must composition 
and wine character 

 
 
 
8. CONCLUSIONS  
 
The project has led to a number of relevant insights. Technologically, we have been able to 
change the composition of our synthetic grape must in such a way as to render sensory 
analysis of the resulting products as a feasible option. This offers a new dimension to most of 
our research, since synthetic must remains indispensable as a tool to ensure reproducibility of 
data in many projects, but was not useful to assess aromatic consequences of treatments.  
More importantly, the project has highlighted the importance of certain groups of compounds, 
and in particular lipids, in defining the aromatic outcome of the fermentation process. A 
publication reporting on these findings is currently in preparation. Our data will strengthen our 
ability to predict the outcome of the fermentation process from a grape juice with a given 
chemical composition and to define the aromatic potential of a given grape juice.    
 
 
9. ACCUMULATED OUTPUTS  
List ALL the outputs from the start of the project.  The year of each output must also be indicated. 

 
PUBLICATIONS 
Fairbairn S, Smit A, Jacobson D, Prior BA, Bauer FF. (2014).  Environmental stress and 
aroma production during wine fermentation. South African Journal for Enology and 
Viticulture. 35, 168-177.  
 
Ferreira ACS, Monforte AR, Teixeira CSS, Martins R, Fairbairn S, F.F. Bauer. (2014). 
Monitoring alcoholic fermentation: an untargeted approach. Journal of Agriculture and 
Food Chemistry 28, 6784-6793. 
 
Fairbairn S, McKinnon A, Musarurwa H, Ferreira AC, Bauer FF. (2017). The impact of 
single amino acids on growth and volatile aroma production by Saccharomyces 
cerevisiae strains. Submitted to Frontiers in Microbiology. 
 
PRESENTATIONS 
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Ferreira AC, Monforte AR, Texeira C, Martins R, Fairbairn S, Bauer FF. (2014) 
Monitoring alcoholic fermentation: an untargeted approach. Presentation at Macrowine, 
Stellenbosch September 2014. 
 
 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 

Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

 
We have adjusted the composition of synthetic must to deliver a more wine-like product. This 
adjustment will allow us to evaluate the sensory impact of oenological or nutrient treatments in 
synthetic must. 
 
 

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

 
The importance of lipid (phytosterols, ergosterol and fatty acids) balance in grape juice for the 
development of fermentation aromas has been highlighted through this study. This was an 
unexpected by-product of the approach, and the significant differences that we observed for 
various treatments, including for compounds that are metabolically unrelated to fatty acids, has 
come as a surprise. Some of these findings were made after the Winetech funded project had 
ended, and are not directly reported here, but are entirely based on the on-going follow-up 
research.  
 
 

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

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 

MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

      

      

      

Masters Students   

      

      

      

PhD students   

Samantha Fairbairn South African Phd (Agric)  Dec 2017  

      

      

Postdocs   
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Support Personnel 

      

      

      

 
 

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  

 

Fairbairn S, Smit A, Jacobson D, Prior BA, Bauer FF. (2014).  Environmental stress and 

aroma production during wine fermentation. South African Journal for Enology and 

Viticulture. 35, 168-177.  

 

Ferreira ACS, Monforte AR, Teixeira CSS, Martins R, Fairbairn S, F.F. Bauer. 2014. 

Monitoring alcoholic fermentation: an untargeted approach. Journal of Agriculture 

and Food Chemistry 28, 6784-6793. 

 
e) PRESENTATIONS/PAPERS DELIVERED  
 

Ferreira AC, Monforte AR, Texeira C, Martins R, Fairbairn S, Bauer FF. (2014) 
Monitoring alcoholic fermentation: an untargeted approach. Presentation at 
Macrowine, Stellenbosch September 2014. 

 
 
 
10. BUDGET  
 

a) TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP 
OTH
ER 

TOTAL 

2014 
 

0 0 0 0 150 000 75 000 0 225 000 

2015 
 

0 0 0 0 187 500 93 750 0 281 250 

 
 

0 0 0 0 0 0 0 0 

 
 

0 0 0 0 0 0 0 0 

 
 

0 0 0 0 0 0 0 0 

 
 

R 0 R 0 R 0 R 0 R 337 500 R 168 750 R 0 R 506 250 
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b) FINAL BUDGET/FINANCIALS OF PROJECT 
Please ensure that the budget is sufficiently detailed and add notes to explain all significant variations 
from the budget – you may submit this in an EXCEL document.  Please report on the budget for the entire 
duration of the project.  Add additional rows if required. 

 

Project duration 
Proposed 

budget 

Actual cost 

incurred 
Variance Notes 

TOTAL INCOME     

Industry Funding     

PHI Funding     

Other Funding     

TOTAL EXPENDITURE     

Running Expenses     

General operating costs 

(printing, communication, etc.)  

    

Local Travel     

Publication costs     

Lab Analysis     

Lab Consumables     

Other     

 Running expenses SUB-

TOTAL 

    

HR Administration and Project 

Management 
    

HR Technical     

HR Research     

Student Bursaries     

HR SUB-TOTAL     

OTHER EXPENSES     

     

     

SURPLUS / DEFICIT     
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EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation 

 

 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

 Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 

Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 

Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
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