Potential for Natural Flavour Additives to
Improve the Sensory Properties and Consumer
Acceptance of Wine

Yaelle Saltman
The University of Adelaide
School of Agriculture, Food and Wine
Faculty of Sciences

August 2016
A thesis submitted in fulfilment of the requirements for the degree
of Doctor of Philosophy

Contents
Abstract...........................................................................................................................................................v
Declaration....................................................................................................................................................vii
Dedications...................................................................................................................................................viii
Acknowledgements........................................................................................................................................ix
Chapter 1. Introduction..................................................................................................................................1
1.1 Food additives........................................................................................................................................3
1.2 Flavourings (flavour additives)...............................................................................................................4
1.3 Wine and wine products.........................................................................................................................5
1.3.1 Wine additives......................................................................................................................................6
1.4 Adulteration, spiking and authentication of wine....................................................................................8
1.5 Research Objectives..............................................................................................................................9
1.5.1 Objective 1............................................................................................................................................9
1.5.2 Objective 2.........................................................................................................................................10
1.5.3 Objective 3.........................................................................................................................................10
1.6 Methodology.........................................................................................................................................10
1.6.1 Consumer research............................................................................................................................10
1.6.2 Sensory profiling.................................................................................................................................12
1.6.3 Compositional analysis (GC-MS).......................................................................................................12
1.7 Summary..............................................................................................................................................13
Chapter 2. Paper 1 – Australian wine consumers' acceptance of and attitudes toward the use of additives
in wine and food production.........................................................................................................................14

- ii -

Chapter 3. Paper 2 – Natural flavour additives influence the sensory perception and consumer liking of
Chardonnay and Shiraz wines.....................................................................................................................25
Chapter 4. Paper 3 - Impact of bottle ageing on the composition and sensory properties of flavoured
Chardonnay and Shiraz wines.....................................................................................................................60
Chapter 5. Conclusions and future work.....................................................................................................82
References...................................................................................................................................................88

- iii -

List of tables
Table 1. Definitions of food additives, flavour enhancers and flavourings .................................................... 3
Table 2. Definitions of natural, nature identical and artificial flavourings ...................................................... 4
Table 3. Definition of wine and wine products .............................................................................................. 5
Table 4. Additives permitted for use in Australian winemaking ..................................................................... 7

- iv -

Abstract
Flavour additives are routinely used in food and beverage industries to enhance aroma and flavour
intensity, mitigate undesirable attributes and/or better meet consumer expectations. In Australia, the
legislation governing wine production prohibits the use of flavour additives. However, the potential for
flavourings to be used to overcome sensory deficiencies, is an attractive option for both the wine industry
and consumers.
This thesis explores the sensory properties, composition and consumer acceptance of flavoured wines
and the impact of bottle ageing.
Three key studies were undertaken:
1. An online survey to determine consumer acceptance of and attitudes toward the use of additives in wine
and food;
2. An investigation into the impact of flavourings on the sensory profiles and consumers acceptability of
flavoured wines; and
3. A maturation trial to explore the effect of bottle ageing on the composition and sensory properties of
flavoured wines.
An online survey was administered nationally to determine Australian wine consumers’ acceptance of the
use of additives in food and wine production. Based on self-reported wine knowledge scores, consumers
(n=1031) were segmented into low (n=271), medium (n=528) and high (n=232) knowledge segments.
Surprisingly, irrespective of wine knowledge, consumers were significantly more accepting of natural
flavourings, natural colour, and additives associated with health benefits (e.g. vitamins and minerals) than
legally permitted winemaking additives (e.g. oak chips and tannins). Consumers were also asked to
identify desirable flavours in wines and their responses indicated preferences for fruity characters; i.e.
lemon and apple in white wines and blackcurrant and raspberry in red wines.
The influence of flavourings on wine sensory properties and consumer acceptability of flavoured wines
was subsequently investigated. Based on consumer reported flavour preferences identified in the online
survey, natural flavourings were added to four inexpensive commercial wines (two Chardonnay and two
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Shiraz wines) to intensify selected aroma and flavour attributes. Descriptive analysis (DA) compared the
sensory profiles of control and flavoured wines, and established an overall increase in the intensity of
pleasurable attributes (e.g. citrus aroma or oak flavour) and/or a decrease in undesirable characters (e.g.
green and earthy notes) in flavoured wines. Acceptance tests (n=218) were then held to assess consumer
liking of flavoured wines. Segmentation based on individual liking scores enabled identification of three
distinct clusters for each of the white and red wine tastings. For Chardonnay: Cluster (C) 1 liking was
driven by passion fruit aroma; C2 by stone fruit aroma and oak flavour; and C3 by butter aroma and honey
flavour. Drivers for Shiraz liking included: red fruit and confectionery aromas for C1; green aromas and oak
flavour for C2; and confectionery and oak aroma for C3.
The final experiment investigated the impact of 12 months bottle ageing on the composition and sensory
properties of flavoured wines. Flavour additives and control and flavoured wines were analysed by gas
chromatography-mass spectrometry to identify the volatile constituents responsible for the modification of
sensory profiles of flavoured wines. However, the volatile compounds identified as constituents of flavour
additives were either not detected in flavoured wines or were present at similar concentrations to those of
corresponding control wines. DA of control and flavoured wines was performed after bottling (t=0) and
after 12 months of bottle ageing (t=1), to determine any changes in wine sensory profiles. At t=0, flavoured
white wines exhibited enhanced fruit aromas and flavours, but differences in sensory profiles between
control and flavoured wines were less apparent at t=1. Compared to the control wines, the impact of
ageing on flavoured Shiraz wines was less obvious, such that sensory differences were still apparent
between control and flavoured wines after bottle ageing.
The project provides the wine industry with information that might enable producers to better identify and
meet the needs of their consumers, subject to appropriate legislative change.
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Chapter 1. Introduction
The Australian wine industry is renowned for the quality and innovation of their wines and is one of the top
ten producing countries in the world (Aylward 2006). From the mid-1990’s until 2007 the Australian wine
industry lead the export charge in the global market in what was considered the longest boom in its
history; but since then countries such as New Zealand, Chile, Argentina and South Africa, who produce
wines of similar price and quality have increased export growth and are enjoying international success
(Anderson 2004; Anderson & Nelgen 2011). This has compelled the Australian wine industry to explore a
range of new methods to improve wine quality so as to regain a competitive edge (Cox 2009). At the same
time, the domestic market has also experienced a shift; consumers have become more knowledgeable
and involved with wine (Wittwer & Rothfield 2005; Johnson & Bastian 2007), some consumers seek
healthier wine choices (Thach 2004) or wines lower in alcohol content (Saliba, Ovington & Moran 2013),
whereas others prefer wines produced in an environmentally sustainable manner, or wines made
according to biodynamic or organic practices (Barber, Taylor & Deale 2010; Mueller & Remaud 2010).
Furthermore, a new generation of wine drinkers, the Millennials, have recently joined the wine market, yet
there is very little knowledge of their consumption behaviour or attitudes towards wine (Teagle, Mueller &
Lockshin 2010). Collectively, these factors have influenced the quality and style of wines sought by
Australian consumers, but few studies have explored the market’s needs (Lattey, et al. 2007; Lattey,
Bramley & Francis 2010; Bruwer, Saliba & Miller 2011).
The wine industry tends to invest in initiatives that educate wine consumers in the appreciation of existing
wine styles rather than ascertaining the style of wines that consumers actually prefer drinking
(Lesschaeve, Norris & Lee 2002; van Kleef, van Trijp & Luning 2005; Smith 2011). Decision making with
regards to production is largely the responsibility of winemakers (Lattey, Bramley & Francis 2010) who
also determine quality (Bisson et al. 2002), in what is a classic example of product concept versus
marketing concept (Sharp 1991; Kotler et al. 2015). For example, Smith (2011) outlined the gradual shift
from sweeter wine styles in favour of dry wines, which according to Smith was industry driven rather than
consumer driven. Consumers had little choice but to accept changes in wine styles, alternatively they
could turn to beverages such as alcopops or sweet wines, but this often left consumers dissatisfied and
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feeling uncultured (Bisson et al. 2002). Smith’s findings reinforced earlier work that concluded trends
towards dry wine styles were based on the industry assumption that increased consumer wine experience
(or involvement) would increase preference for dry wines (Gluckman 1990; Spawton 1991). However to
date, this hypothesis has not been supported by published empirical data.
In contrast to the wine industry, many other food and beverage industries have long recognised that in
better meeting their consumers’ needs and/or marketing their products effectively, they can improve
success and profitability in the marketplace (McEwan 1996; Costa & Jongen 2006; Costell, Tárrega &
Bayarri 2010). Food and beverage companies regularly seek feedback from consumers at various stages
of product development, using different methods of qualitative and quantitative testing (MacFie 2007;
Resurreccion 2007). Targeted consumer groups are recruited to provide insight into flavour and taste
preferences, their acceptance of novel concepts or ideas, and the extent to which products’ meet their
sensory and/or quality expectations (Cardello 1994). Industry uses consumer responses to inform product
development, as well as marketing strategies (Bayarri et al. 2012; Moskowitz, Beckley & Resurreccion
2012), particularly when introducing a novel product to the marketplace (Kwak et al. 2013).
Many variables can influence the acceptance, enjoyment and quality perception of different foods and
beverages but it has been argued that along with price, sensory perception plays the most important role
in determining consumers’ decision making (Costell, Tárrega & Bayarri 2010; Bayarri et al. 2011). Current
efforts in wine research that aim to enhance wine quality through modifications of aroma and flavour, are
limited by the strict regulation of additives within the wine industry. Studies tend to focus on aroma and
flavour manipulation that can be achieved by various winemaking techniques including the use of different
yeast strains (Swiegers, Chambers & Pretorius 2005; Swiegers, Jan et al. 2007; Torrens et al. 2008), or
malolactic bacteria (Bartowsky 2005), together with modifications to viticultural management practices
(Jackson & Lombard 1993). Other food and beverage manufacturers make use of the wide range of food
additives to improve the sensory properties of their products so as to better meet consumer expectations
(Saltmarsh & Barlow 2013).
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1.1

Food additives

The term “food additive” encompasses a range of substances permitted for use in food and beverage
manufacturing to satisfy a range of consumer needs and expectations . This includes additives to improve
appearance, (e.g. flavourings and colourings), to extend shelf-life (e.g. preservatives), to aid production
(e.g. clarifying agents) or to impart health benefits (e.g. nutrients) (Branen et al. 2001).
Most countries have systems in place to regulate approved food additives; for example the Codex
Alimentarius (International Food Safety Standards body), the Food and Drug Administration of the United
States (FDA), or the European Food Safety Authority (EFSA) (Carocho, Morales & Ferreira 2015). The EU
uses a numbering system prefixed by the letter “E” to designate the presence of additives on product
labels (Saltmarsh & Barlow 2013). In Australia and New Zealand, food and beverage manufacturers,
including the wine industry, must comply with a list of permitted substances comprising food additives,
vitamins, minerals and processing aids that can be added during manufacturing, specified by the
Australian and New Zealand Food Standards Code (Food Standard Australia New Zealand 2011). The
code also governs labelling requirements, directions for use and storage, and the definitions of food
additives as shown in Table 1.
Table 1. Definitions of food additives, flavour enhancers and flavourings
Food additives

Flavour
enhancer/modifier
Flavourings

Substance not normally consumed as a food in itself and not normally used
as an ingredient of food, but which is intentionally added to a food to
achieve one or more technological functions specified in schedule 5 (refer
to appendix 1).
Enhances the existing taste and/or odour of food.

Intense preparations which are added to foods to impart taste and/or odour;
which are used in small amounts and are not intended to be consumed
alone, but do not include herbs, spices and substances which have an
exclusively sweet, sour or salt taste.
Definitions sourced from Food Standard Australia New Zealand 2011, standard 1.3.1.
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1.2

Flavourings (flavour additives)

A flavouring is a chemical substance that affords flavour properties following addition to foods and
beverages, or that compliments, magnifies and/or modifies existing flavours to deliver a pleasurable and
satisfactory experience for consumers (Baines & Seal 2012).
The term “flavouring” refers to a single chemical with flavour properties (e.g. ethyl vanillin), however
“flavourings” can also refer to mixtures of substances, flavour precursors and smoke preparations which
can also be used to modify the flavour of food (Saltmarsh & Barlow 2013). There are more than 1,700
natural and synthetic (also known as artificial) flavourings available commercially (Carocho et al. 2014).
The terms “natural” and “synthetic” refer to the process by which flavourings are manufactured, for
example natural flavourings can be prepared from fruit extracts whereas artificial flavourings through
chemical, enzyme or microbiological synthesis (Carocho, Morales & Ferreira 2015). Definitions for natural
and artificial flavourings are presented in Table 2.
Table 2. Definitions of natural, nature identical and artificial flavourings
Natural flavourings

Plant and animal derived through enzymatic or microbiological
procedures. For example vanilla flavourings from vanilla pods
Nature identical
Plant and animal derived flavourings prepared via chemical synthesis or
flavourings
isolation. These are chemically identical to natural flavourings but have
been extracted using chemical methods. Vanilla extract could either be
derived from vanilla pods (natural flavourings) or in the case of nature
identical flavourings, the vanilla extract could be produced chemically from
the plant material lignin.
Artificial (synthetic)
Chemical synthesis of materials other than plant or animal. For example
flavourings
the production of ethyl vanillin flavourings which has not been identified in
nature.
Definitions are sourced from Siegwart (1993).
According to Longo & Sanromán (2006), flavourings represent a quarter of the total market for food
additives, but when it comes to the origin of flavourings most, if not all, consumers prefer natural flavour
additives rather than artificial flavourings (Senker 1990; Rozin et al. 2004; Bruhn 2007). Consumers are
thought to perceive natural flavourings as healthier despite the fact that artificial additives don’t pose any
greater health risk compared to natural additives (Carocho et al. 2014). Natural additives are typically
more expensive than artificial substances (Carocho, Morales & Ferreira 2015). It has been suggested that
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a general lack of knowledge and awareness concerning the origin of food additives leads consumers to
prefer natural additives rather than artificial additives (Shim et al. 2011).
1.3

Wine and wine products

Wine is a complex matrix that comprises hundreds of volatile compounds derived from grapes, the
fermentation process and ageing that influence aroma and flavour (Fischer 2007; King et al. 2010; Rapp &
Mandery 1986). The addition of flavourings to compliment, enhance or modify existing wine aroma would
contravene the legal definition of wine (Table 3).
Table 3. Definition of wine and wine products
Wines

Wine means the product of the complete or partial fermentation of fresh grapes,
or a mixture of that product and products derived solely from grapes.
Wine products
means a food containing no less than 700 mL/L of wine as defined in this
(Standard 2.7.4 p, 1), which has been formulated, processed, modified or mixed
with other foods such that it is not wine (Standard 2.7.4. p, 2 Food Standards
Australia and New Zealand).
Fruit Flavoured
If fruits other than grapes are added to grape wine, that product meets the
wines
definition of a wine product, provided it remains at least 70% grape (example of a
wine product).
Definitions are sourced from Food Standard Australia and New Zealand, standard 1.3.1.
Products based on wine are routinely infused with various fruit, herbs and flavour additives, for example
Sangria is a wine base containing sweeteners (e.g. honey or sugar), brandy and fruits; while Vermouth is a
fortified wine flavoured with aromatic herbs and spices including cardamom, cinnamon, marjoram, and
chamomile (Arn 1990).
In Australia, flavourings are used in the production of beverages classified as “wine products”. Examples
include; Southcorp’s strawberry flavoured Killawarra Dusk and Hardy’s Omni Citrus which were specifically
designed to target novice wine consumers (Carter 2006).
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1.3.1

Wine additives

The Australia and New Zealand Food Standards Code is a complex system, and the number of
permissible additives varies widely across different product categories. For example, for confectioneries
and sauces the list of additives permitted in the final product exceeds 100. In contrast, the wine industry is
only permitted to use half this number of additives during winemaking (i.e. ∼50 additives) (Table 4).
Consequently, winemakers have fewer opportunities to modify wine composition and sensory properties.
Common wine additives in Australian winemaking include tartaric acid to adjust acidity, grape-derived juice
concentrates to adjust sweetness, cultured yeasts to facilitate fermentation, fining agents (e.g. Bentonite
and egg white), preservatives (including SO2 which assists in preventing oxidation and spoilage), tannins
and oak. The Food Standards Australia New Zealand lists permit additives, which are generally classified
either as “additives” or “processing aids” (Table 4). Processing aids are defined as “another set of food
additives that may be added during manufacture but which do not perform a technological function in the
final food” (Food Standard Australia New Zealand 2011).
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Table 4. Additives permitted for use in Australian winemaking
Additives
Ascorbic acid
Carbon dioxide
Citric acid
Erythorbic acid
Grape juice including concentrated grape juice
Grape skin extract
Gum Arabic
Lactic acid
Malic acid
Metatartaric acid
Mistelle
Potassium sorbate
Potassium sulphites
Sodium carboxymethylcellulose
Sorbic acid
Sulphur dioxide
Tannins
Tartaric acid
Yeast mannoproteins

Processing aids
Activated carbon
Agar
Alginates, calcium and potassium salts
Ammonium phosphates
Argon
Bentonite
Calcium carbonate
Calcium tartrate
Carbon dioxide
Cellulose
Chitosan sourced from Aspergillus niger
Collagen
Copper sulphate
Cultures of microorganisms
Cupric citrate
Dimethyl dicarbonate
Dimethylpolysiloxane
Egg white
Enzymes
Gelatine
Hydrogen peroxide
Ion exchange resins
Isinglass
Lysozyme
Milk and milk products
Nitrogen
Oak
Oxygen
Perlite
Phytates
Plant proteins
Polyvinyl polypyrrolidone
Potassium carbonate
Potassium ferrocyanide
Potassium hydrogen carbonate
Potassium hydrogen tartrate
Silicon dioxide
Thiamine chloride
Thiamine hydrchloride
The list of additives is sourced from Food Standard Australia New Zealand 2011, Standard 4.5.1.
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Additives and processing aids are used to stabilise, protect wines from oxidation and ultimately maintain
the quality of wine (Bird 2000). To enhance complexity, wines may spend a period of time in oak barrels
during which oak derived aromas of vanilla, caramel and sweet spices are imparted (Spillman, Sefton &
Gawel 2004), however, many winemakers are increasingly using oak alternatives (i.e. staves, chips,
powder) to impart oak characters to wines in a more time- and cost-efficient manner (Crump et al. 2014).
According to Carey (2009) a wine which was appropriately treated with oak chips (classified as a
processing aid as per Table 4) is likely to demonstrate oak aroma descriptors such as; spicy and clove
(eugenol); smokey characters (guaiacol); fresh oak and coconut (cis-oak lactone); butterscotch, caramel
and almond (furfural); and vanilla (vanillin). Oak chips not only contribute to the complexity and quality of
wines but, according to Crump et al. (2014), the majority of Australian wine consumers accept the use of
alternative oak treatments, thus is it an overall triumph for both consumers and industry. Flavour additives
on the other hand, which can perform a similar function as oak alternatives, are regarded as fraudulent.
1.4

Adulteration, spiking and authentication of wine

Each wine producing country has its own laws and legislation concerning winemaking processes. Just as
the definition of “wine” varies slightly between Australia, USA, the EU and South Africa, so does the
legislation involving the use of additives together with labelling requirements. Despite variation between
countries, it is generally accepted worldwide that mishandling of additives, and misinforming consumers,
are considered fraudulent practices and constitutes wine adulteration (Holmberg 2010). In food, the term
economically motivated adulteration (EMA) is used to describe the intentional adulteration of food for
financial advantage.
The intentional adulteration of wine for fiscal benefit is not a new practice and has occurred since ancient
times (Dordevic et al. 2013). The media, however, has brought incidents of adulteration to light. In recent
years there has been an increasing number of reports describing producers’ misuse of additives and
attempts at quality deceptions (Phillips 2000). Prominent examples include: the “antifreeze wine scandal”
which occurred in Austria in 1985, and involved approximately 70 wine producers being caught adding
diethylene glycol to sweeten late harvest wines (Holmberg 2010; Kester 2010), with severe consequences
to the Austrian wine industry’s reputation. In 2004, two South African winemakers purportedly added
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natural vegetable extracts to Sauvignon Blanc wines to enhance the vegetal characters (e.g. green
capsicum) typical of this variety (Lechmere 2004). In Australia, allegations have been made against
wineries concerning the illegal use of silver nitrate to remove sulphurous “off” odours, and the addition of
red tannin colouring to transform white wine into red wine (Stone 2001).
Breaches such as these suggest that some winemakers perceive the financial benefits associated with
using prohibited additives outweigh the risk of detection. This indicates that there is scope to investigate
potential benefits of using flavour additives to improve wine quality, not only from a consumer perspective,
but also from an industry perspective, in terms of addressing a growing number of competing wineries
worldwide and challenging environmental conditions. The use of flavourings as a corrective method is
attractive for the wine industry, because the application is simple and additions could be made during
various stages of production.
1.5
1.5.1

Research Objectives
Objective 1

To determine Australian wine consumers’ acceptance of and attitudes toward the use of additives in wine
and food production and to explore consumers’ preferred flavours for white and red wines.
Flavour additives are commonly used in food and beverage production to enhance aroma and flavour or
mitigate undesirable attributes. Thus an assumption is made that this will also apply to wines, however it is
not clear to what extent Australian consumers would accept the use of flavourings in winemaking and
whether consumers’ attitudes towards flavourings differs to that of existing wine additives (Chapter 2).
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1.5.2

Objective 2

To explore the impact of natural flavour additives on the sensory perception and consumer liking of
Chardonnay and Shiraz wines.
This Objective aims to explore how the addition of natural flavour additives might influence the sensory
perception of the flavoured wines. Would wine consumers prefer the flavoured wines over the control wine
(without additives) (Chapter 3)?
1.5.3

Objective 3

To investigate the impact of bottle ageing on the sensory and chemical composition of Chardonnay and
Shiraz wines with added flavour additives.
The combination of sensory and chemical data will provide insight on the possible changes that may occur
after bottle ageing (Chapter 4).
Note: This study aimed to explore the possibility of adding flavourings to improve palatability of ‘wines’, in
the same way that other winemaking additives are already used for corrective purposes (Lesschaeve &
Noble 2005). This is not a product development research project aiming to design ‘wine products’ with
added flavourings.
1.6

Methodology

To address the research objectives, a series of experiments was undertaken involving consumer research,
sensory profiling and compositional analysis methods as outlined below.
1.6.1

Consumer research

A consumers’ choice of wine is often more complicated than their choice of products in other fast moving
consumer goods (Lockshin & Hall 2003). In Australia, there are thousands of wineries and brands, dozens
of grape varieties, regions, labels, wine styles, and a range of prices to choose from, which influences the
decision making process and purchasing behaviour (Lockshin & Corsi 2012). Wine is evaluated through its
extrinsic and intrinsic attributes (Lockshin & Hall 2003; Charters & Pettigrew 2005); extrinsic attributes
include; price, brand (Lockshin et al. 2006; Mueller et al. 2010), and perceived quality (Cox 2009),
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whereas intrinsic attributes include grape variety, grape origin, wine style (McCutcheon, Bruwer & Li 2009)
and sensory characteristics (Keown & Casey 1995). Whilst it is common for wine producers to improve the
perception of quality though labelling, branding and packaging (Mueller & Szolnoki 2010), some argue that
sensory characteristics are the biggest contributors to consumer’s perceived quality of wine (Charters &
Pettigrew 2005), providing consumers can taste the wine prior to purchasing. Jaeger et al. (2009) later
confirmed that taste was the most salient attribute in purchase intent in a sample of New Zealand wine
consumers. Surprisingly, to date very few sensory based consumer studies have been conducted to
explore consumer’s flavour preferences (Bruwer, Saliba & Miller 2011). Thus, developing an understanding
of consumers’ sensory preferences in wine, is an area of research that should be further developed
(Lesschaeve 2007).
Food industries have recognised the value in using sensory marketing strategies to identify drivers of
consumer liking, using a combination of quantitative and qualitative methods (Raz et al. 2008). It has
become increasingly popular to integrate qualitative research (e.g. interviews and focus groups) with
qualitative methods (survey) conveying a sense of rigour to the research (Bryman 2006).
To address Objective 1, a combination of consumer research methods was used:
•

A survey (1000 Australian consumers) was administered to explore consumers’ acceptance of
and attitudes towards the use of additives in wine. Consumers were also asked to provide their
preferred flavours in white or red wines (Chapter 2).

•

Focus group tasting panels were conducted, involving approximately 50 participants, to provide
feedback on prototype flavoured wines (Chapter 2).

•

Consumer tastings (approximately 200 consumers) were held to provide hedonic feedback on the
level of liking of the flavoured wines vs the control (Chapter 2).
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1.6.2

Sensory profiling

Descriptive analysis (DA) is a method used by sensory scientists to generate a comprehensive profile of
the sensory properties of a product, and involves quantification of the intensity of a range of attributes
detected by a trained panel of judges (Murray, Delahunty & Baxter 2001; Meilgaard, Carr & Civille 2006).
Generally DA involves two distinct phases: training and formal wine assessment. Throughout the training
phase several 1-2 hour sessions are held until judges develop a concise list of terms that describe the
sensory differences between the wines and become familiarized with the samples. During the evaluation
phase, judges rate the intensity of the attributes from the developed list they generated. Evaluation is
normally carried out in isolated booths in controlled conditions (e.g. temperature, ventilation and lighting).
This generic descriptive analysis (Lawless & Heymann 1999), may vary according to specific research
objectives (Murray, Delahunty & Baxter 2001) and may include a variation of techniques such as
quantitative descriptive analysis (Stone et al. 1974); or free choice profiling (Langron 1983).
To address the second objective in this research, which is to explore the impact of natural flavour additives
on the sensory perception of Chardonnay and Shiraz wines, two descriptive analysis panels were
assembled for each variety (Chapter 3).
To investigate the impact of bottle ageing on the sensory profiles of the flavoured wines (Objective 3),
subsequent descriptive analysis panels (for Chardonnay and Shiraz) were assembled to profile the wines
12 months after bottling.
1.6.3

Compositional analysis (GC-MS)

High resolution gas chromatography (GC) techniques and fast scan mass spectrometers (MS) is the
analytical technique traditionally used for identifying trace amounts of volatile compounds in wines
(Teranishi, Wick & Hornstein 2012). Numerous studies have employed GC-MS for qualitative and
quantitative analysis. In this current study GC-MS was used to analyse the composition of flavourings and
flavoured wines (Chapter 4).
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1.7

Summary

Flavour additives are routinely used in the food and beverage industries to enhance aroma and flavour
intensity of products and better meet consumers’ needs. The assumption is made that the wine industry
could potentially utilize flavour additives to improve wine quality when seasonal conditions are not ideal,
and to enhance certain sensory attributes to meet the expectations and preferences of different consumer
segments.
This research set out to explore Australian consumers’ acceptance of and attitudes toward the use of
additives in wine, specifically flavour additives, using an online survey. Based on the information provided
by consumers (online survey) on preferred flavours in white and red wines, a range of flavour additives
was used in lower quality commercial wines to enhance aromas and flavours, and examine if the addition
of flavour additives (natural) had in fact resulted in wines that could be significantly distinguished (i.e.,
aroma, flavour, taste and mouthfeel) from the control wines, using DA panels. The following step would be
to investigate if consumers liked the flavoured wines over the control wines, through consumer acceptance
tests. The last study involved further examination of the wines after a year of bottle ageing, using DA
panels and compositional analysis.
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Chapter 2. Paper 1 – Australian wine consumers' acceptance of and
attitudes toward the use of additives in wine and food production.
Over the last three decades, the Australian wine industry has gained a reputation for producing quality
wines and utilising innovative techniques to improve quality. Furthermore, the industry is gradually shifting
to produce consumer driven wines rather than reserving quality judgements for winemakers. Thus it is
reasonable to suggest that prior to utilising novel techniques, consumer feedback is sought.
In this research, the use of flavour additives is suggested as an innovative approach for improving wine
quality. Flavour additives, or flavourings, are routinely used in the manufacturing of food and beverage
products to intensify aroma and flavour, and better meet consumer expectations. From an industry
perspective, the potential for wines might be made more palatable with the addition of flavourings,
especially in vintages where poor seasonal condition results in lower quality grapes, presents an attractive
option. However, current legislation in Australia involving the production of wines does not permit the use
of flavourings, and to date, studies have not investigated consumers’ acceptance of flavour additives in
wines.
This paper therefore reports a study into consumer attitudes toward the use of additives in wine and food
production. An online survey of 1031 Australian wine consumers determined the acceptance of and
attitudes toward the use of additives, in particular flavour additives, in wine and food products.
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Chapter 3. Paper 2 – Natural flavour additives influence the sensory
perception and consumer liking of Chardonnay and Shiraz wines.
The use of flavour additives is common practice in food and beverage manufacturing industries, to
improve the sensory properties of consumable goods and to better meet consumer expectations.
Numerous studies have explored consumer acceptance and/or rejection of food additives, in particular,
natural and artificial flavourings.
Current legislation for wine production in Australia prohibits the use of flavour additives, with the exception
of beverages classified as ‘wine products’. Based on the findings reported in Chapter 2, it is understood
that Australian wine consumers are significantly more accepting of natural flavour additives than many
legally permissible wine additives (i.e. oak chips, tannins and acid). The survey also identified consumers’
preferred flavours in white and red wines, which could be used to inform winemakers during product
development.
Based on survey findings, this study has put theory into practice and employed an innovative technique of
enhancing aromas and flavours in wines by adding trace amounts of natural flavourings to base wines.
Four lower priced commercial wines (two Chardonnay and two Shiraz wines) from a vintage that suffered
challenging environmental conditions, were chosen as the base for flavour addition. A range of natural
flavour additives including fruit and oak (i.e. vanilla and chocolate) flavourings, were chosen from the list of
preferred flavours (described in Chapter 2), and added to the base wines. The aim was to intensify
targeted aromas and flavours, whilst mitigating undesirable attributes.
This paper describes the influence of flavour additives on the sensory properties and consumer
acceptability of wines. To date, the addition of flavourings to wines has not been explored, therefore this
paper serves as a guideline for future research into flavoured wines.
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Chapter 4. Paper 3 - Impact of bottle ageing on the composition and
sensory properties of flavoured Chardonnay and Shiraz wines
Wine is a complex matrix containing a vast array of volatile compounds, derived from grapes, fermentation
and ageing. When flavourings (chemical compounds that impart aromas and flavours) are added to the
mixture, they interact with the vast array of existing constituents in wine. The study described in Chapter 3
demonstrated that the application of natural flavourings (in trace amounts), resulted in significant changes
to a wine’s sensory profile and consumer liking. Chemical analysis of the wines confirmed that flavourings
did not affect wine pH, titratable acidity, sugar, alcohol or volatile acidity. In this paper, compositional
changes following the addition of flavourings were examined using gas chromatography mass
spectrometry (GC-MS). GC-MS is traditionally used for identifying trace amounts of volatile compounds in
a mixture which are responsible for aroma and flavour. Interactions between flavour additives and wine
compounds continued to evolve with maturation, thus the impact of bottle ageing on the composition and
sensory properties of flavoured wines was investigated.
This paper describes a comparison between the composition and sensory profiles of control and flavoured
wines after bottling (t=0) and after 12 months of bottle maturation (t=1).
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Chapter 5. Conclusions and future work
Flavour additives are routinely used by food and beverage producers to enhance aroma and flavour
intensity, and to mitigate bitterness and astringency (Longo & Sanromán 2006; Resurreccion 2007;
Routray & Mishra 2011). These industries regularly seek consumer feedback to gain insight into product
acceptability, and use flavourings to ensure products meet the sensory and quality expectations of their
target market (Cardello 1994; MacFie 2007). In contrast, the wine industry invests resources into
marketing strategies to promote existing wines (Lesschaeve, Norris & Lee 2002) rather than exploring the
flavour and wine style preferences of their consumers.
The key aims of this study were: (1) to determine Australian wine consumers’ acceptance of and attitudes
toward the use of additives in wine and food production and to discover consumers’ preferred flavours for
white and red wines; (2) to explore the impact of natural flavour additives on the sensory perception and
consumer liking of Chardonnay and Shiraz wines; and (3) to examine the impact of bottle ageing on the
sensory and chemical composition of flavoured Chardonnay and Shiraz wines.
To address the first project aim, an online survey of 1031 Australian wine consumers was conducted to
determine attitudes towards the use of additives including flavour additives during winemaking (Chapter 2).
Survey responses revealed that, irrespective of their self-reported level of wine knowledge, consumers
rated their acceptance of natural flavours, natural colours and additives associated with health benefits
(e.g. vitamins, minerals, and omega 3 fatty acids), significantly higher than commonly used, legally
permitted additives in wines (i.e. oak chips, tannins, preservatives, acid). This was surprising, given that
flavourings and vitamins are not commonly associated with wine, whereas oak chips, tannins and
preservatives are familiar additives. Furthermore, highly knowledgeable consumers, who usually value
traditional approaches to winemaking (Hughson et al. 2004), were as accepting of the use of natural
flavourings as the less knowledgeable consumers. This was a particularly unexpected finding.
When asked about their acceptance of additives in food products, consumers rated natural flavour
additives, vitamins, folate and omega 3 fatty acids favourably, but were less accepting of artificial
flavourings and monosodium glutamate, i.e. their attitudes were similar to those for additives in wines.
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These results suggested that consumers’ acceptance of additives is not affected by the product, and
justifies the wine industry investing in consumer based product development, as is commonly practised in
the food and beverage industries to improve market performance (McEwan 1996; Costa & Jongen 2006).
The survey also determined Australian wine consumers’ preferred flavours for white and red wines.
Participants were asked to list their preferred wine flavours via an open-ended question, with 96% of
participants answering this optional question. This provided an extensive list of flavours which could be
used by the Australian wine industry to inform winemaking decisions that determine the style of finished
wines. That said, it is important to acknowledge that flavour preferences may shift with time as market
trends evolve.
Chapter 3 described the impact of natural flavour additives on the sensory profiles and consumer liking of
flavoured wines. Flavour additions, based on the survey responses in Chapter 2, were made to four
inexpensive commercial wines with an apparent impact on wine aroma and flavour, yet in a broad sense,
the original wine style of base wines was retained. Results demonstrated the potential for flavour additives
to improve wine quality; for example to enhance aroma and flavour intensity in years where grapes
suffered due to poor seasonal conditions. Wines that lacked flavour intensity or displayed undesirable
characteristics such as green aroma or bitterness could be modified through the addition of corrective
flavourings. Furthermore, flavourings could be used to tailor wine styles to better meet consumers’
expectations.
Finally, the application of flavour additives was found to be simple and time efficient, and allowed for
additions to be made at different stages of production. In an example described in Chapter 3, the addition
of an oak flavouring (as a mixture of several flavour additives) to an unoaked Chardonnay resulted in a
flavoured wine which the panel perceived to be ‘oaky’. Thus, if oak flavourings were permitted winemaking
additives, winemakers could impart oak character to wine without the need for expensive, time intensive
oak maturation regimes.
In another example, the addition of flavour additives (butter, orange, custard and raspberry) to a Shiraz
base wine significantly diminished the intensity of undesirable green and earthy aromas and flavours. The
wine industry typically uses copper fining to mitigate off-flavours such as cooked vegetables (DMS), rotten
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egg (H2S), and cooked cabbage or sauerkraut notes (MeSH) (Franco-Luesma et al. 2016), but
unfortunately copper contributes to the overall loss of varietal characters and dulls desirable attributes. In
contrast, the use of flavour additives was found to provide specific mitigation of undesirable aromas while
retaining or enhancing other targeted attributes. Future research might explore the potential of flavour
additives to mitigate the various off flavours.
In some instances the addition of flavourings resulted in unforeseen outcomes. For example, the addition
of flavourings (passion fruit, butter) to a Chardonnay base wine, was perceived by the panellists as
significantly higher in bitterness, astringency and acidity. This was a surprising finding given that
flavourings were added in minute amounts to the mixtures. Furthermore, basic analysis of the wines
revealed that there were no variations in titratable acidity (as g/L of tartaric acid), pH and residual sugars
(as g/L of glucose and fructose) in the flavoured wines compared with the control wines. It was therefore
inferred that the increase in the perception of bitterness, astringency and acidity resulted from cross-modal
interactions. In a cross-modal interaction, the addition of odourants, for example sweet smelling odours
which do not possess a taste, to a mixture containing sucrose, may have the ability to enhance the
perception of sweetness in the mixture (Stevenson, Boakes & Prescott 1998). Similarly, the addition of
odourants (i.e. passion fruit and butter flavourings) to the Chardonnay base wine, resulted in an increase
in the judges’ perception of taste and mouthfeel characters although the compounds likely responsible for
their sensations remained unchanged. This highlighted possible limitations of the use of flavourings, and
reinforced the recommendation of Lesschaeve, Norris and Lee (2002), that flavour optimisation should be
facilitated through the involvement of flavour producers and sensory professionals for each individual
product. This finding also prompted chemical analysis of flavourings and flavoured wines, i.e. using gas
chromatography-mass spectrometry, which was described in Chapter 4.
Research outlined in Chapter 3 also involved consumer tasting which aimed to evaluate the acceptability
of flavoured wines compared to their corresponding controls. Participants (n=218) were recruited via
methods including flyers posted in public places, social media (including Facebook and electronic
newsletters) and from an internal wine consumer database. Participants who responded to the
advertisement were more likely to represent consumers who were more involved with wine, and possibly
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more experienced in wine tasting than the average Australian wine consumer. The tasting revealed that
collectively consumers did not significantly prefer flavoured wines over control wines, but segmentation of
consumers based on their individual liking scores identified consumer clusters with distinct wine
preferences. In this way, the wine industry could similarly identify segments of their target market who
might be more accepting of flavoured wines.
Additional research could be undertaken with commercial wines of lower quality, and a broader range of
flavour additives, to further validate the capacity for flavourings to be used to modify the sensory profile of
wines. It would also be worth assembling an expert panel to evaluate the quality of the flavoured wines
versus control wines.
The impact of bottle ageing on the sensory and chemical composition of flavoured Chardonnay and Shiraz
wines was described in Chapter 4. In this study, control and flavoured wines were cellared under optimal
conditions (at 15°C under Saran lined metal screw caps) for 12 months before compositional and sensory
analysis. Descriptive analysis was undertaken to profile bottle aged wines, and a comparison was made
between the data from wines post bottling (t=0) and after storage (t=1). A limitation of this study included
changes, albeit small, to the DA panel membership between t=0 and at t=1. Ideally, the same panel
members would have participated in both panels but this was not possible based on time constraints.
Statistical analysis of the data attempted to address both changes in panel membership between DA
panels at t=0 and at t=1, and a possible natural drift in performance within the panel at the two time points.
This was achieved by considering: (1) panellist-time interactions; (2) product-time interactions; and (3)
panellist-product-time interactions.
GC-MS analysis was undertaken to determine the composition of both flavourings and flavoured wines.
The volatile profiles of flavour additives varied considerably; some flavourings comprised relatively few
volatile compounds, whereas others comprised an array of constituents. Nonetheless, the most abundant
volatiles in each flavouring were identified, although it is acknowledged that abundance does not
necessarily imply organoleptic importance which requires consideration of detection thresholds and odour
activity values.
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GC-MS analysis of flavoured wines was inherently more challenging, since flavour additives were added at
minute concentrations. As a consequence, it was difficult to quantify compositional changes directly
attributable to flavourings. This highlighted implications for policing the addition of flavourings to wine,
although analytical sensitivity could be improved with method development, for example through extraction
of larger wine volumes. In the current study, however, the impact of flavour addition and bottle ageing was
determined via DA. Comparison of sensory profiles of the wines at the two time points showed significant
differences in the intensity of attributes. At t=0, DA panellists perceived that the intensity of Chardonnay
base wines’ attributes were significantly different than their counterpart flavoured wines, but after a year in
storage (t=1) those differences were less perceptible, and the overall sensory profiles of the wines were
found to be similar. Surprisingly, the comparison between the two time points revealed that the intensity of
many white wine attributes (such as citrus, floral and stone fruit aromas) increased after 12 months. This is
in contrast with previously published studies, which indicate that aged white wines typically display a
decrease in the intensity of fruity and floral characters (Ramey & Ough 1980; Pérez-Coello et al. 2003).
The addition of flavourings to Shiraz base wines (t=0), resulted in two flavoured wines which were
perceived to be significantly different to the base wines, and two flavoured wines that were relatively
similar to the base wines. Post bottle ageing (t=1), DA panellists perceived those two quite distinct
flavoured wines to still stand out relative to the non-flavoured counterparts, whilst the other two flavoured
wines remained quite similar to the base wines. In general, the sensory comparison between the two time
points revealed an overall decrease in the intensity of most attributes after a year of bottle ageing. The
impact of bottle ageing on red flavoured wines did not reveal any unusual increase or decrease in intensity
of attributes, or the formation of off flavours post ageing, that may suggest either decomposition of
flavourings or interaction between flavour additives and wine constituents that may significantly impact the
sensory profile.
The Australian wine industry faces challenges associated with climate change and occasional poor
seasonal conditions, increases in the cost of production and shipping, a rise in global competition, and the
need to remain at the forefront of new trends and style preferences of wine consumers. The results from
this research demonstrated the importance of combining consumer research, sensory analysis and
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compositional analysis to gain a broader understanding of consumer acceptability of flavourings, quality
expectations and liking drivers. Flavourings were found to offer the potential to overcome sensory
deficiencies associated with difficult environmental conditions and/or tailor wine styles to better meet
consumer needs and expectations, although not all producers and consumers will accept the use of
flavour additives in wines. In Australia, the addition of flavourings to compliment, enhance or modify
existing wine aroma contravenes the legal definition of wine. Flavourings would therefore need to be
added to the list of legally permitted additives in Australia (Food Standard Australia New Zealand 2011),
and in other wine producing countries to which Australia exports wines. It is not likely that flavourings will
represent a legally allowable additive in the near future.
Future work arising from this study:
•

Determine consumers’ acceptance of and attitudes towards the use of flavourings in wines in
other wine producing countries.

•

Investigate the impact of timing of of flavour additions on the sensory properties of the flavoured
wines.

•

Explore the impact of flavourings on wine quality using a panel of expert judges.
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