University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Xynas, B;Barnes, C;Howell, K

Title:

Moderating impacts of water addition in must by the use of Accentuated Cut Edges (ACE)
vinification for Vitis vinifera cv. Shiraz winemaking

Date:
2024-06-07

Citation:

Xynas, B., Barnes, C. & Howell, K. (2024). Moderating impacts of water addition in
must by the use of Accentuated Cut Edges (ACE) vinification for Vitis vinifera cv. Shiraz
winemaking. Oeno One, 58 (2), https://doi.org/10.20870/0eno-one.2024.58.2.7936.

Persistent Link:
https://hdl.handle.net/11343/354344



IVES

=
*correspondence:
billy.xynas@unimelb.edu.au

Associate editor:
Valeriu Cotea

2
Received:
07 January 2024

Accepted:
23 April 2024

Published:
07 June 2024

This article is published under
the Creative Commons
licence (CC BY 4.0).

Use of all or part of the content
of this article must mention

the authors, the year of
publication, the title,

the name of the journal,

the volume, the pages

and the DOI in compliance with
the information given above.

OENGhe

DOI: https://doi.org/10.20870/0eno-one.2024.58.2.7936

29)

ORIGINAL RESEARCH ARTICLE

Moderating impacts of water
addition in must by the use of
Accentuated Cut Edges (ACE)
vinification for Vitis vinifera cv.
Shiraz winemaking

Billy Xynas*, Christopher Barnes and Dr Kate Howell

The University of Melbourne, School of Agriculture, Food and Ecosystem Sciences, Faculty of Science,
Parkville, 3010 Victoria, Australia

ABSTRACT

In a warming climate, high-quality wine production is challenging due to grapes having higher
sugar concentration, with wines being produced with higher alcohol levels, which can negatively
impact final wine quality. Australian regulations now permit water treatment of pre-fermentation
musts, which can ameliorate these effects, but final wines often lack colour and flavour.
Accentuated Cut Edges (ACE) can overcome these drawbacks. ACE mechanically breaks grape
skins into small fragments and accelerates phenolic extraction during wine fermentation, yet
we do not know to what extent by reference to different applied levels of ACE. Expanding on
previous studies, we implement ACE at three grape skin fragmentation levels: 10-second ACE
treatment (low), 20-second ACE treatment (moderate (mod)) and 40-second ACE treatment
(high), into pre-fermentation 15.5 °Bé musts for Vitis vinifera cv. Shiraz, which is then diluted
with water to 13.5 °Bé. For chemical compounds, reduced total phenolics (a.u.) in diluted to
13.5 °Bé (no ACE) treatment wine (53.00 a.u.) can be addressed by diluted to 13.5 °B¢ high ACE
treatment, restoring levels similar to 15.5 °Bé (non-diluted no ACE) treatment wine (54.33 a.u.).
Total tannins (%) are restored to a similar level as 15.5 °Bé (non-diluted no ACE) treatment
wine (1.19 %) by diluted to 13.5 °B¢ high ACE treatment (1.20 %). Sensory analysis for naive
wine consumers shows that diluted to 13.5 °Bé moderate ACE treatment produces wine with
the greatest preference for colour intensity and increased preference for odour intensity and dark
fruit taste. Further, 13.5 °B¢ high ACE treatment produces a wine with the greatest preference
for hotness and vegetal smell and an increased preference for dark fruit taste. Both diluted to
13.5 °Bé high ACE and diluted to 13.5 °Bé mod ACE treatment wines demonstrate a statistically
significant increase in purchase likelihood when compared to 15.5 °Bé (non-diluted no ACE) and
diluted to 13.5 °Bé (no ACE) treatment wines. If and when water treatment of pre-fermentative
musts winemaking approaches become more widely accepted globally, it is important that all
winemakers are provided with additional mitigation strategies such as ACE, which can further
address any consequential impacts on final wine quality outcomes.

IEGALU Accentuated Cut Edges (ACE), water dilufion, chemical compounds, sensory
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ABBREVIATIONS

ACE: Accentuated Cut Edges
alc/vol: Alcohol by Volume
°Bé: degrees Baumé

Dilution: Water dilution treatment into a grape must pre-
fermentation

FSANZ: Food Standards Australia and New Zealand
high ACE: High ACE implementation at 40 seconds
H,0O: Water

JAR: Just About Right

low ACE: Low ACE implementation at 10 seconds
MCP: Methyl Cellulose Precipitable

mod ACE: Moderate ACE implementation at 20 seconds
Na,S,0,: Sodium metabisulphite

no ACE: No ACE implementation

PCA: Principle Component Analysis

PEACE: Pressed Early Accentuated Cut Edges
RATA: rate all that apply

SO,: Sulphur Dioxide

INTRODUCTION

1. Climate Change, wine quality, and water
treatment of pre-fermentation grape must

Due to warmer weather across Australia’s grape-growing
regions, compressed vintages are presenting significant
challenges to winemakers (Terral et al., 2010; Petrie and
Sadras, 2017; Webb et al., 2023). Increased atmospheric
carbon dioxide can lead to faster growth of wine grapes,
resulting in higher sugar concentrations in the berries
(Webb et al.,2023). These developments can negatively affect
the quality of a final wine, where shifts in relative humidity
and hotter temperatures can lead to an increase in biomass,
an increase in sugar and a decrease in acid levels in wine
grapes at harvest, all impacting a final wine’s alcohol levels,
flavour and aroma (Schultz, 2010). These challenges are also
relevant to winemakers globally (Cataldo ef al., 2023).

Water treatment of pre-fermentative must is one winemaking
technique that can be readily implemented to address
fermentation issues associated with high sugar musts as
well as addressing associated production of unfavourable
alcohol levels in a final wine. However, this winemaking
approach is currently not universally accepted. Importantly,
the introduction of water into pre-fermentation musts is
currently limited in the European Union, where water
can only be used in those circumstances where it is for a
‘specific technical necessity’, and it does not modify the
characteristics of wine (European Commission Regulation,
2018; Christmann, 2022). In the United States, however,

water treatment of musts is an accepted practice that can be
employed to facilitate fermentation, but the density of the
juice cannot be reduced below 22 degrees Brix (United States
Code of Federal Regulations 24.176, 2010).

In 2017, Australia implemented further regulatory
changes where water addition into a pre-fermentative
grape must is now permitted to ‘facilitate fermentation’ to
13.5 °Baumé (°Bé) (the measurement of grape sugar content)
(FSANZ, 2017). The Australian approach was a response to
the problems associated with high ethanol production arising
during fermentation (Bindon et al., 2019) and as one answer
to address the negative impacts on human health from the
consumption of higher alcohol wines (Saliba et al., 2013).
This study focuses on Vitis vinifera cv. Shiraz which is an
important global grape cultivar and is the most planted red
grape variety in Australia (Schelezki et al., 2020a); therefore,
vinicultural approaches to maintain wine quality will have a
high economic impact on both domestic consumers and the
export market.

Recent studies have demonstrated that while water
treatment of high sugar must facilitate the reduction
of unfavourable ethanol yields during fermentation, it
can also negatively impact the final wine flavour and
colour (Harbertson et al., 2009; Schelezki et al., 2020a;
Schelezki et al.,2020b; Teng et al., 2020). While the outcomes
of this study are relevant for Australian winemakers, should
water treatment of pre-fermentative musts winemaking
techniques become more generally recognised on a global
scale, it is important that all winemakers are provided with
additional mitigation strategies to address any consequential
adverse impacts for final wine quality.

2. Accentuated Cut Edges (ACE) as an
emerging wine-making approach

Accentuated Cut Edges (ACE) is one winemaking strategy
that may address these impacts. ACE is a wine-making
process in which the grape skins are mechanically cut into
smaller fragments to assist in the extraction of phenolic
components from the grape skin of the floating pomace cap
in the early stages of fermentation (Sparrow et al., 2016a).
During early fermentation, the extraction of phenolic
compounds from the grape skins is greater due to more
broken edges achieved through ACE. ACE has been shown to
positively impact the phenolic composition of the final wine
(Sparrow et al., 2016a). In addition, it has been shown that
ACE implemented by an industrial handheld mixer rather than
by the implementation of an ACE machine-assisted approach
can minimise seed damage, therefore limiting the extraction
of associated bitter compounds (Sparrow et al., 2016a).

Early studies for ACE processes focused on Vitis vinfera cv.
Pinot noir, as this cultivar, can demonstrate poor colour
development and low pigment stability, which can be
negatively viewed by consumers who tend to prefer a more
intense colour in red wines (Parpinello et al., 2009). ACE,
when implemented to reduce grape skins to 6 % of their
original size, was shown to produce Pinot noir wines with
50 % greater wine colour density and a 95 % higher stable
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pigment concentration when compared to the control no ACE
wine (Sparrow et al., 2016a). Tannin concentrations also
increased for ACE-treated Pinot noir wines, together with
higher intensities of fruity components, including banana,
peach, blackcurrant and dark fruit, when compared to the
control wine (Sparrow et al., 2016a; Sparrow et al., 2016b).
An extended Pressed Early Accentuated Cut Edges (PEACE)
vinification approach has also been shown to improve
anthocyanidin and tannin levels for Pinot noir when compared
to a no ACE control wine (Sparrow and Smart, 2017).

More recently, the ACE wine-making approach was applied
to Shiraz, where Kang et al. (2020) found that for water-
diluted treatments from 14.0 °Bé to 13.5 °Bé were also
subjected to an ACE machine-assisted approach, the resultant
accelerated release of wine components added to the flavour
of earthy characters in the final wine. They also found that
the impact on tannins and phenolic attributes of the final
wine was not significantly affected when compared to a
control wine; however, there were still significant negative
dilution impacts on consumer-perceived wine aromas and
flavours (Kang et al., 2020). When subject to an expert
sensory panel, the water-diluted wines alone had a different
astringency profile, but combining water dilution treatment
with the ACE technique could address astringency, in
particular the perception of adhesive and graininess aspects
of the wine for the trained panel, but not the consumer panel
(Kang et al., 2020). The later study by Wang et al. (2022)
also investigated ACE impacts for water-treated must Shiraz
wines. They observed that for volatiles, including acetates,
higher alcohols, fatty acids, and isoprenoids, the results
varied depending on the crushing methods employed as
well as skin contact time. Apart from acetates, ACE short
treatment (3 days racked off grape skins) demonstrated the
highest potential for improvements to all groups of volatiles
(Wang et al., 2022). Wang et al. (2022) also applied RATA
(rate all that apply) sensory analysis (Danner et al., 2018)
and found that it was only the ‘red fruits’, ‘earthy/dusty’,
‘floral/ perfume/musk’, ‘herbaceous’, and ‘vanilla’ attributes
that were significantly different (p <0.1) (Wang et al., 2022).
Overall, Wang ef al. (2022) found that ACE plus skin contact
time had the potential to improve wine’s volatile attributes as
well as some sensory aspects of a final wine.

This study aims to expand on previous ACE studies to identify
any changes in the chemical composition and sensory profiles
of Shiraz wines that have also been subject to water dilution
treatment of musts before fermentation, together with the
ACE winemaking approach at three grape skin fragmentation
levels. We test whether ACE implemented at varying levels
can change the chemical composition of water-diluted wines
when compared to wines that are not ACE-treated (non-diluted
and diluted). We also test if ACE implemented at varying
levels will influence consumer perceptions of different wine
attributes between water-diluted wines when compared to the
no ACE-treated wines (non-diluted and diluted) and if there
is a difference in preference amongst consumers for each of
the wine samples tested. Finally, we also test if different wine
attributes impact consumer preferences more than others.

The outcomes of our study can be relevant for Shiraz wine
producers in Australia and internationally as global warming
continues to present winemakers with many challenges. This
paper aims to provide advice to winemakers so that they can
make supported and informed decisions when implementing
a water dilution fermentation wine-making approach into
high sugar musts to mitigate against the high production of
ethanol during fermentation, together with alternative levels
of ACE approaches implemented to further address desirable
final phenolic and sensory wine quality parameters.

MATERIALS AND METHODS

1. Grape sample groups and fermentation

This Australian study relied on Shiraz grapes sourced from
the Richard Tallis Winery (195 Major Plains Road, Dookie,
North East Victoria, Victoria). Rows 85-91 were selected.
These rows were all from the north-eastern block on Richard
Tallis’ property (36°21°08.2°S, 145°45°37.0’E). The block
consisted of 18 rows of Shiraz grapes. These rows were
selected for their relatively middle position within the block
to reduce end-row influences. The rows selected consisted
of 54 panels of 200 vines, with approximately 50 vines
contributing to the grapes taken in each season. Row
spacing was approximately 2.8 meters. Vines were planted
approximately 1.2 meters apart. Only one late harvest at
15.5 °Bé was conducted for a total harvest of 900 kg of fruit.
At harvest, fruit was selected randomly from panels along the
length of each row, taking fruit from both sides of the vine.
Each panel was assigned a number and, using a randomiser,
selected at random for harvest. All fruit were hand-harvested.

There were 15 triplicate sample groups of 60 kg, each producing
approximately 36 litres of wine; therefore, a total of 540 litres
of wine (more due to dilution of ferments) was produced. All
grape must treatmentsample groups were subjected to crushing
through rotary roller crushers set at 8§ mm spacing before
being separated into their own fermentation tanks/treatment
groups (15 in total). Three triplicate sample groups were then
subject to 3 levels of Accentuated Cut Extraction (ACE): low
ACE, moderate (mod) ACE and high ACE treatments (as
detailed below). All sample groups except for the triplicate
15.5 °Bé (non-diluted no ACE) sample group were then
subject to diluted must treatment (+ 4.07 L water) to lower
15.5 °Bé to 13.5 °Bé (Figure 1). Deionised water was used
for water treatments to minimise chlorine/chloramines
that may impede fermentation and stain the flavour of the
wine. The water addition to must winemaking approach is
permitted under Australian regulations (FSANZ, 2017). The
volume of water added was calculated using the Australian
Wine Research Institute online water addition calculator
(AWRI, 2023, available at https://www.awri.com.au/
industry support/winemaking resources/calculators/water-
additions/). The two no ACE sample groups consisted of a
15.5 °Bé (non-diluted no ACE) treatment and a diluted to
13.5 °Bé (no ACE) treatment (Figure 1).

A standard 50 ppm SO, (Sodium metabisulphite, Australian
Home Brewing, Victoria 2020) was added to all sample
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15.5 °Bé Harvest

CRUSH

—
ACE A No ACE
Low ACE Mod ACE High ACE Add H,0
Y (+4.071)
Add H,0 Add H,0 Add H,0 ) y
(+4.07 1) (+4.071) (+4.07 L) Non-diluted no Diluted no ACE
ACE
‘ 13.5 °Bé ‘ ‘ 13.5 °Bé ‘ ‘ 13.5 °Bé ‘ ‘ 15.5 °Bé ‘ ‘ 13.5 °Bé ‘
‘ Alcoholic Fermentation ‘
v v v

‘ 13.5 % alc/vol ‘ ‘ 13.5 % alc/vol ‘ ‘ 13.5% alc/vol ‘ ‘ 15.5 % alc/vol ‘ ‘ 13.5 % alc/vol ‘

FIGURE 1. Pictorial representation of the ACE experimental design outline.

groups at crush, followed by inoculation with Vitilevure
Syrah YSEO™ (Saccharomyces cerevisiae var. cerevisiae,
Danstar, Rhone Valley, France 2020) commercial culture of
yeast (at 30 g/hL). After 24 hours, all fermentations were
then inoculated with Martin Vialatte Reflexmalo 360™
(Oneoccocus oeni, Martin Vialatte, Magenta, France,
2020) lactic acid bacteria (1 g/hL) to carry out malolactic
fermentation. All fermentations were maintained on skins
for 5 days using refrigeration to maintain temperatures
between 20 °C and 30 °C before being pressed. A daily
sampling of 100 mL from each treatment group was taken
during fermentation, which tracked temperature and degrees
Baumé (°B¢). Musts all finished alcoholic fermentation on day
5. Acid additions were made post-pressing on day 5 to target
a titratable acidity (TA) of 6 g/L (2 g/L tartaric acid addition)
(Australian Tartaric Products, Victoria, Australia, 2020). An
additional 50 ppm SO, addition was added 21 days after
fermentation prior to bottling wines in 750 mL glass wine
bottles and matured at an average temperature of 18 °C for
12 months.

2. Accentuated Cut Edges (ACE) treatment
approach

Accentuated Cut Edges (ACE) skin fragmentation approach
using an industrial handheld mixer machine (Robot Coupe
MP600 Ultra (B2B), with a 600 mm shaft) was implemented
as this ACE approach has been shown to minimise seed
damage (Sparrow et al.,2016a); and to also further provide for
different fragmentation levels. Three groups of must samples
in triplicate were subject to skin fragmentation treatment, each

at a different level of ACE. Low ACE involved holding the
handheld mixer into fermenters for 10 seconds at low speed
(set at speed level 1, where the highest speed was level 10).
Moderate ACE was used for 20 seconds at low speed. High
ACE is used for 40 seconds at low speed. These 3 sample
groups were then all subject to water diluted must treatment
(+4.07 L water) to lower 15.5 °Bé to 13.5 °Bé (Figure 1).

3. Chemical analysis approach

Samples of wines 12 months after bottling for this study were
taken from each treatment group. Wine colour absorbances
were measured using Agilent Cary 60 UV-Vis (Agilent
Technologies Inc., Palo Alto, CA, USA) with a | mm path
length quartz cuvette (Somers and Evans, 1974). Deionised
water was set as the blank reference. Each analysis was
performed in triplicate. Measures of wine pigmented
tannin %, chemical age 1 and 2, colour density (a.u.), free
anthocyanins (mg/L), hue, pigmented tannin (a.u.), total
phenolics (a.u.), total pigment (a.u.) and total tannin (%)
were undertaken for each of the must treatment sample
groups. The Somers colour assay was modified to allow the
standardisation of pH and ethanol concentrations of wine
sample groups in a simple one-step dilution with a buffer
solution, thus removing inconsistencies between wine
matrices (Mercurio et al., 2007). The main modification
was to standardise wine pH to pH 3.4 and the alcohol
concentration to 12 % v/v using a buffer solution before any
analysis was undertaken. Sodium metabisulphite (Na,S,0,)
was incorporated into the buffer solution rather than
being added directly to individual sample groups, thus
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minimising preparation time (Mercurio ef al., 2007). Tannin
measurements were derived from a calibration developed
from the methylcellulose precipitable (MCP) tannin assay
(Sarneckis et al., 2006).

4, Just-About Right (JAR) sensory analysis
approach

Ethicsapproval was provided by the University of Melbourne’s
Human Research Ethics Committee (HREC) (No. 11684)
for the Just-About-Right (JAR) naive consumer sensory
analysis surveys for the final wines utilising a Likert scale
(Likert, 1932).

The naive sensory analysis data was collected from sensory
panels from wine students in February 2023. Testing was
taken after students had some level of preliminary training in
sensory analysis experiences through their concurrent studies.
Visual, olfactory and mouthfeel sensory attributes were
tested. Samples of wines 12 months after bottling were taken
from each treatment group. Sample groups were evaluated by
79 naive wine consumers to evaluate the properties of colour
intensity, red fruit smell, dark fruit smell, ripe fruit smell,
vegetal smell, odour complexity, our intensity, red fruit taste,
dark fruit taste, ripe fruit taste, vegetal taste, astringency,
hotness, body, viscosity and length. Data were collected on
a non-structured linear scale, where the middle of the scale
for each attribute corresponded to ‘Just About Right’ for the
naive sensory panellists (Likert, 1932). For each sensory
attribute, panellists ranked the wine sample group on a five-
level Likert scale ranging from too weak/pale, weak/pale,
Just About Right, strong/a little dark, and too strong/too dark.
Overall liking was scored on a 9-point line scale ranging from
dislike extremely to neutral to like extremely. Likelihood to
purchase was scored on a 5-point line scale ranging from
extremely unlikely to neutral to extremely likely. In addition,
the JAR was combined with overall liking scores to highlight
those attributes of a wine that have the greatest impact on
liking, where a Penalty Analysis was taken (Schraidt, 2009;
Cadot et al., 2012). The aim of ‘Penalty Analysis’ generally
is to assess the influence of a non-JAR category for a given
attribute by assessing a ‘penalty’ to reflect the consumer’s
overall liking of a wine.

Panellists were provided with an introductory baseline
session to inform them of the process and the requirements
and risks associated with the JAR before commencing the
survey. The panellists agreed upon reference standards to
familiarise them with the colour and odour intensities and
complexities, red, ripe and dark fruit attributes, as well as
for vegetal, hotness, astringency, body, viscosity, length
and balance. For colour intensity, panellists were provided
with a chart of red colours, which displayed red from light
to dark red. For odour complexity, intensity, length, balance,
and panellists were engaged in repetitive training sessions.
Other sensory attributes were measured against a reference
sample standard of 30 mL of Shiraz wine. For red fruits
‘aroma and taste’, this consisted of mixing in 2 strawberries,
2 cherries and 4 raspberries. For dark fruit ‘aroma and taste’,
this consisted of mixing in 4 blackberries and 4 blueberries.
For ripe fruits ‘aroma and taste’, this consisted of mixing

in 8 crushed raisins. For vegetal ‘aroma and taste’, this
consisted of mixing in 1 teaspoon of grated capsicum. For
hotness ‘mouthfeel and texture’, this consisted of mixing
in food-grade ethanol to raise the alcohol level by 2 %.
For astringency ‘mouthfeel and texture’, this consisted of
adding 0.2 g powered white tannin. For body ‘mouthfeel and
texture’, this consisted of adding 0.2 g of powdered tannin
and food-grade ethanol to raise the alcohol level by 2 %. For
viscosity ‘mouthfeel and texture’, this consisted of adding
0.02 g/L of food-grade soluble Xanthan gum (Table 1).

The 5 sample groups were then presented to panellists in
30 mL aliquots in coded ISO standard wine classes during
daylight hours. Each panellist was provided with 5 sample
groups, all presented at once in a randomised order. The
5 sample groups were evaluated in one sitting. Paper scoring
sheets for each wine sample group were given to each
panellist and collected by the researchers at the end of the
sessions.

5. Statistical analysis approach - chemical
compounds

Statistical analysis for chemical compounds (mean values
and standard deviation (SD)) and sensory evaluation was
undertaken by using independent sample group t-test, two-
way analysis of variance (ANOVA) followed by Tukey’s HSD
multiple comparison test (o = 0.05), and principal component
analysis (PCA) were conducted with R Project for Statistical
Computing. For individual phenolic components in each of
the wine sample groups, data was analysed using repeated
measures of variance (ANOVA) with treatment (process)
approaches as fixed factors.

6. Statistical analysis approach - sensory
parameters

A Linear Mixed Effects Model (LMM) approach was
applied, where linear mixed-effects models were fitted to the
ratings of each attribute (Zuur et al., 2009). A separate model
was used for each attribute: for colour intensity, red fruit
smell, dark fruit smell, ripe fruit smell, vegetal smell, odour
complexity, odour intensity, red fruit taste, dark fruit taste,
ripe fruit taste, vegetal taste, astringency, hotness, body,
viscosity, length and overall liking and purchase likelihood.
The linear mixed-effects model allowed for nested random
effects for each attribute assessed. Wine treatment (process)
was considered a fixed effect, while panellist was considered
a random effect. Where the P-value was equal to or less than
the significance level (< 0.05), then it could be assumed
that the process (wine treatment) significantly affected the
response received.

RESULTS

1. ACE treatments increase fragment size,
particle number, total perimeter and surface
area of grape berries

ACE was applied at three different levels, low, moderate, and
high, to influence the fragment size, particle number, total
perimeter (cm) and surface area (cm?) in the grape berries.
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no ACE
diluted to 13.5 °Bé

low ACE
diluted to 13.5 °Bé, with
10 seconds of ACE treatment

moderate ACE high ACE
diluted to 13.5 °Bé, with 20 diluted to 13.5 °Bé, with 40
seconds of ACE treatment seconds of ACE treatment

FIGURE 2A. Grape skin pulp and skin fragments based on the time of ACE treatment.

Representation of the skins after ACE treatment but before any water dilution or fermentation commences. A representative image of each

friplicate group is shown.
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FIGURE 2B. Quantification of ACE skin fragmentation.

Mean results for friplicate samples are presented.

These 3 sample groups were repeated in triplicate, where the
mean results are shown (Figures 2A, 2B).

Following ACE application, the 3 ACE treated sample
groups were subject to diluted must treatment through
the addition of deionised water (H,0) (+ 4.07 L) to lower
15.5 °Bé to 13.5 °Bé. A further 2 sample groups consisted
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of 15.5 °Bé (non-diluted no ACE) (in triplicate) and diluted
to 13.5 °Bé (no ACE) (in triplicate). Again, mean results are
shown (Figures 2A, 2B).

A5 g sample was taken from each fermentation and placed
into 90 mm petri dishes. The fragments were floated in
15 mL water, pressed on a piece of graph (5 mm x 5 mm grid)
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paper and photographed. The number of fragments per
berry from their surface area and perimeter was calculated
using open-source image analysis software Image] 1.51a
(Wayne Rasband, National Institutes of Health, USA,
available at : https://imagej.net/ij/). (Figures 2A, 2B)

The number of particles (fragment size), as presented in the
sample group Petri dishes, are at the highest levels with the
implementation of a high ACE treatment (Figure 2A,B).
When compared to the diluted to 13.5 °Bé (no ACE)
sample group with 5.67 berry particles, the number of berry
particles for the diluted to 13.5 °Bé high ACE sample group
increased to 68.67. The total surface area (cm?) remained
stable for all ACE treatments and increased only moderately
from the diluted to 13.5 °B¢é (no ACE) sample group with a
surface area of 7.22 cm? up to 10.07 cm? for the diluted to
13.5 °B¢ high-ACE sample group. The total perimeter (cm)
increased progressively as the duration of ACE treatment
undertaken increased, from low to moderate to high ACE
implementation. For the diluted to 13.5 °B¢é (no ACE) sample
group, the total perimeter was 31.26 cm, which increased to
110.04 cm for the diluted to 13.5 °Bé high ACE sample group.
The average surface area per particle (cm?) decreased as the
duration of the ACE treatment undertaken increased. For
the diluted to 13.5 °B¢é high ACE sample group, the average
surface area was 0.15 cm? when compared to 1.34 cm? for
the diluted to 13.5 °B¢é (no ACE) sample group. The average
perimeter per particle (cm) also decreased as the duration
of the ACE treatment undertaken increased. For the diluted
to 13.5 °Bé high ACE sample group, the average perimeter
per particle was 1.62 cm when compared to 5.68 cm for the

diluted to 13.5 °Bé (no ACE) sample group. The Perimeter/
Surface Area ratio increased as the duration of ACE
treatment undertaken increased, where the Perimeter/Surface
Area ratio for the diluted to 13.5 °Bé (no ACE) sample
group was at a 4.24 ratio, increasing to a 6.45 ratio for the
diluted to 13.5 °Bé low ACE sample group, up to a 9.24 ratio
for the diluted to 13.5 °Bé moderate ACE sample group,
increasing to a 10.87 ratio for the diluted to 13.5 °Bé high
ACE sample group (also refer to Supplementary information
Supplementary Table 1 for supporting data).

2. ACE treatment can have statistically
different impacts on some but not all chemical
compounds in wine

ACE applied at the three different levels, low, moderate, and
high, can influence chemical parameters and outcomes for
the treated wines at statistically different levels (Figure 3).

Figure 3 sets out ACE treatment effects on the chemical
compounds of pigmented tannin %, chemical age 1 and
2, colour density (a.u.), free anthocyanins (mg/L), hue,
pigmented tannin (a.u.), total phenolics (a.u.), total pigment
(a.u.) and total tannin (%), as compared to the 15.5 °Bé (non-
diluted No ACE) and diluted to 13.5 °Bé (no ACE) treatment
groups (also refer to Supplementary materials Supplementary
Table 2 for raw data that supports the representations in
Figure 3).

Free anthocyanins are measured in the highest concentrations
in the 15.5 °Bé (non-diluted no ACE) treatment group
(538.00 mg/L), with all other treatments having statistically
significant lower results for free anthocyanin concentration.

% Pigmented tannin Chemical Age 1 Chemical Age 2 Colour Density (a.u.)
15.5°Bé —e —_— —_—— —a—
Diluted to 13.5°Bé ——r— —————— ——— —e—
Diluted to 13.5°Bé (low ACE) —— —_————— —————i ——i
Diluted to 13.5 °Bé (mod ACE) —— ——— —e——i —e—
Diluted to 13.5 °Bé (high ACE) ——— —_—— —_——— ———
50 75 100 125 150 030 035 040  0.450.050 0.075 0.100 0.125 0.150 0.175 11 13 15 17
Free Anthocyanins (m/gL) Hue Pigmented Tannin (a.u.) Total phenolics(a.u.)
15.5°Bé F—e—ib e —e——— +—e—ib
Diluted to 13.5 °Bé —e—a —— —— —e—ia
Diluted to 13.5°Bé (low ACE) ——e—ia —— . *+—ia
Diluted to 13.5°Bé (mod ACE) —e—ia ——— —_——i —e—ia
Diluted to 13.5 °Bé (high ACE) —e—ia —a— —_— —e—ib
400 500 500 060 062 064 066 2 3 4 46 50 54 58
Total pigment (a.u.) Total tannin (%)
15.5°Bé —e—ic —e—ib
Diluted to 13.5°Bé —e—ab —e—a
Diluted to 13.5°Bé (low ACE) —e—ia —e—ia
Diluted to 13.5 °Bé (mod ACE) —e—ia —e—ia
Diluted to 13.5 °Bé (high ACE) —e—ib —e—ib

225 250 275 300 325 350 08 09 10 141

12 13

Mean concentration

FIGURE 3. Chemical compound concentrations differ by ACE treatment and water dilution of must treatments.

Mean results for triplicate samples are presented. Error bars show 95 % confidence infervals for the mean. Groups not sharing a letter

are statistically significantly different (p < 0.05).
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The lowest observed free anthocyanin concentration is in the
diluted to 13.5 °Bé low ACE and in the diluted to 13.5 °Bé
mod ACE treatment groups (401.33 mg/L; 398.33 mg/L).
The diluted to 13.5 °Bé high ACE treatment group shows
higher free anthocyanin concentration (449.00 mg/L) than the
diluted to 13.5 °Bé low ACE treatment group (410.33 mg/L)
and in the diluted to 13.5 °Bé mod ACE treatment group
(398.33 mg/L); however, this is not statistically significant.
Total phenolic concentrations are highest in the 15.5 °Bé
(non-diluted no ACE) treatment group (54.33 a.u.) and in the
diluted to 13.5 °B¢é high ACE treatment group (53.00 a.u.).
All other treatments have statistically significantly lower
results for total phenolics. The highest concentration of total
pigment is shown in the 15.5 °Bé (non-diluted, no ACE)
treatment group (32.20 a.u.). All other treatment groups have
statistically significantly lower results for total pigment.
Total tannin is shown to be highest in the 15.5 °B¢é (non-
diluted no ACE) treatment group (1.19 %) and in the diluted
to 13.5 °B¢é high ACE (1.20 %) treatment group. All other
treatments have statistically significantly lower results for
total tannin. For chemical ages 1 and 2, values are similar
across all treatment groups, where none are statistically
significantly different to each other (Figure 3, Supp. Table 2).

3. ACE treatment affects sensory atiributes,
including colour intensity, dark fruit taste,
astringency, hotness and length

A Just About Right (JAR) approach was a direct approach
to measure the deviation from ideal levels per sensory
attribute for each wine sample (Rothman and Parker, 2009).
The JAR measured the perceived attribute intensities but did
not directly quantify them (Cadot et al., 2010). The sensory
attributes of each wine sample were scored by the consumer
naive panellists according to the sensory standards developed
(Table 1).

The JAR sensory outcomes show that the diluted to 13.5 °B¢é
high ACE treatment group has the highest colour intensity;
however, this is observed as being ‘too high’. All treatments
without ACE show the lowest preference relating to vegetal
smell. The 15.5 °Bé (non-diluted no ACE) treatment group
also shows high odour intensity; however, this is rated as ‘too
high’. All ACE treatment groups show the highest overall
preference for dark fruit taste, with the diluted to 13.5 °B¢é
mod ACE being the highest preference treatment. The diluted
to 13.5 °Bé (no ACE) treatment group shows the lowest
observed dark fruit taste. All ACE treatment groups show
increased astringency; however, this is not demonstrated to

TABLE 1. Sensory standards given to panellists for wine attributes for type, definitions, and reference standards.

Wine

Reference Standard mixed with 30 mL of

Attributes Type Definitions Shiraz wine
.Cologr Visual Intensity of colour Provided a chart of red colours displayed from light to
infensity dark red.
Odour Olfactive (aroma) Overall smell, complexity, richness Repetitive training sessions
complexity ! ’
Odour Olfactive (aroma) Intensity of odours overall Repetitive training sessions
intensity
Red fruits Olfactive (aroma Wine aromas that suggest strawberry, raspberry, 2 strawberries, 2 cherries and 4 raspberries
and taste) cherry smells and taste
Dark fruits o'%’ig;‘;‘gmd Wine aromas that suggest black currants and taste 4 blackberries and 4 blueberries
Ripe fruts Olfactive (aroma Wine aromas and tastes 'rho’t. suggest ripe fruits, 8 raisins crushed
and taste) candied fruits
Olfactive (aroma )
Vegetal and taste) Vegetal, Herbaceous, sweet pepper smell and taste 1 teaspoon of grated green capsicum
Warmth perception of overly pronounced or high . o
Hotness Mouthfeel/texture Add food-grade ethanol to raise alcohol level by 2%
levels of alcohol
Astringency Mouthfeel/ Texture Tannins with smooth and fine textured astringency Add 0.2 g of powered white tannin
Body Mouthfeel /Texture Wine marked by richness, fullness; full-bodied Add0.2g powerfed white tannin and food;gmde
ethanol to raise the alcohol level by 2%
Viscosity Mouthfeel /Texture The viscosity as an indicator of a full-bodied style Add 0.02 g/l food-grade soluble Xanthan gum
Length Mouthfeel /Texture The time that aftertaste persists in the mouth Repetitive training sessions
Balance Mouthfeel /Texture Balance between aromas, flavour, structure and Repetitive training sessions

mouthfeel
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be a positive preference by panellists. The 15.5 °Bé (non-
diluted, no ACE) and diluted to 13.5 °B¢ high ACE treatment
groups both show greatest overall preference for hotness.
The diluted to 13.5 °Bé high ACE treatment group also
shows the greatest overall observed length; however, this is
demonstrated to be ‘too high’ with the lowest preference of
all other treatment groups, including diluted to 13.5 °B¢é (no
ACE) and 15.5 °B¢é (non-diluted no ACE) treatment groups
(Figure 4, Figure 7A,B) (Refer to Supplementary materials
Supplementary Table 3 for supporting data).

4. Assessment and purchase likelihood are
increased in ACE-treated wines

The diluted to 13.5 °Bé high ACE and the diluted 13.5 °Bé
mod ACE treatment groups are the highest rated in overall
assessment when compared to all other treatment groups;
however, there is no statistically significant difference shown
between treatment groups and consumer overall liking of the
wines. (Figure 5) Purchase likelihood shows a statistically
significant preference for the diluted to 13.5 °Bé mod ACE
treatment group when compared to the diluted to 13.5 °Bé
(no ACE), 15.5 °Bé (non-diluted no ACE) and the diluted to

13.5 °Bé low ACE treatment groups. These results are not
statistically different from the diluted to 13.5 °B¢ high ACE
treatment group; however, both the diluted to 13.5 °Bé mod
ACE and diluted to 13.5 °Bé high ACE treatment groups
show a statistically significant increased preference for
purchase likelihood when compared to diluted to 13.5 °B¢é (no
ACE) and 15.5 °B¢é (non-diluted no ACE) treatment groups
(Figure 5).

Penalty analysis results demonstrate that ‘too little’ body and
‘too little’ red fruit taste are the only two attributes in the
critical corner. ‘Too little’ of these two attributes are observed
to have the most negative impact on overall liking when
observed in the JAR scale. The diluted to 13.5 °Bé low ACE
treatment group has the lowest in the observed body. The
diluted to 13.5 °Bé (no ACE) treatment group has the lowest
observed red fruit taste. Consumer perception is that these
two treatment groups have the lowest observed concentration
of the attributes; however, this is not statistically significantly
different from any other treatment group in each attribute
category (Figure 6).

Colour intensity Red fruit smell Dark fruit smell Ripe fruit smell
15.5°Bé 1 G e He— e
Diluted to 13.5°B¢ 1 re-ia e e e
Diluted to 13.5°Bé (low ACE) ) o o e
Diluted to 13.5 °Bé (mod ACE) 1 ireig et ot o
Diluted to 13.5 °Bé (high ACE) { L reac ot e o
Vegetal smell Odour complexity Odour intensity Red fruit taste
155°B¢ | +e-a | ot re-ic e
Diluted to 13.5°86 {  +e—g . A ot
Diluted to 13.5°Bé (low ACE) A —a— i;c "H '—H [+ "."
Diluted to 13.5 °Bé (mod ACE) 1 I—Hah: I-.-i l—.—l bc H—l
” Diluted to 13.5 °Bé (high ACE) | —e-ic i ~e-iab o
@ e .
g Dark fruit taste Ripe fruit taste Vegetal taste Astringency
e 15.5°B6 1 +e-ib i ek ~e4a
Diluted to 13.5 °B¢ o3 o e e-ib
Diluted to 13.5°Bé (low ACE) 1 '—fo—'ab '—H '—'—' '-Hb
Diluted to 13.5 °Bé (mod ACE) 1 I—é—iab I—.-l l—.—l —e—b
Diluted to 13.5 °B& (high ACE) | —e-ia o ——i { reib
Hotness Body Viscosity Length
15.5°Bé 1 e-1bc e e -
Dilutedto 13.5°B6 { et e o Fe-ia
Diluted to 13.5°Bé (low ACE) { I—.—la:b I—H l-o-i l—fo—ia
Diluted to 13.5°Bé (Mod ACE) | +ea! - o o2
Diluted to 13.5 °Bé (high ACE) | —eHC ot o  reab

20 25 3.0 35 4.02.0 25 3.0 35 4.02.0 25 3.0 3.5 4.020 25 3.0 35 4.0

Mean rating by naive cohort

FIGURE 4. ACE impact on sensory parameters of a final wine.

Mean results for friplicate samples are presented. Error bars show 95 % confidence infervals for the mean. Groups not sharing a letter

are statistically different [p < 0.05).
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Overall assessment
15.5° Bé

Diluted to 13.5° Bé

Diluted to 13.5° Bé (low ACE) 4
Diluted to 13.5° Bé (mod ACE) {

Diluted to 13.5° Bé (high ACE) {

4.0 4.5 5.0 5.5 6.0
Mean overall rating by naive cohort (1 to 9)
Purchase likelihood
15.5°Bé 1 " a
Diluted to 13.5° Bé 1 ———e— a
Diluted to 13.5° Bé (low ACE) 1 ———e— ab

Diluted to 13.5° Bé (mod ACE) 1 ——e—d ¢

Diluted to 13.5° Bé (high ACE) 1 F———e—— bc
2.0 25 3.0 3.5 4.0

Mean purchase likelihood by naive cohort (1 to 5)

FIGURE 5. Sensory assessment of overall assessment and purchase likelihood for the naive panellists.

Mean results for triplicate samples are presented. Error bars show 95 % confidence intervals for the mean. Groups not sharing a lefter

are stafistically different ([p < 0.05).

1.21
Red fruit taste
Body
Vegetal taste
Dark fruit tasiifngm Ripe fruit taste
0.51 Odour complexity
Astringency
Astringency -
Red fruit smell
Viscesity
> Body
© Colour intensity -
5 - Hotness Lngth -
a Ripe fruit 1@§{& ¢ intensity
E! -4 _ I-E)tness
£ 0.4 Vegetal smell Dark fruit smell _
; - Dark fruit taste
© Viscosity
] .
C>J Red Wﬁiﬂ_ﬁh smell
Vegetal taste
Odour intensity Red fruit smell Coloyr intensity
+
0.01
Dark fruit smell
Odou-anmplexity Ripe fruit smell -
Vegetal smell
0.1 0.2 0.3 0.4 0.5

Proportion of raters

FIGURE 6. Overall Liking Penalty and Proportion of raters for sensory attributes.

"+ denotes too much of an attribute, and -’ denotes too litlle of an attribute.
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Colour intensity

Length A Red fruit smell

Viscosity Dark fruit smell

Body Ripe fruit smell

Vegetal smell

Hotness

Astringency Odour complexity

Vegetal taste Odour intensity

Ripe fruit taste Red fruit taste
Dark fruit taste

—e— 15.5°Bé —=e— Diluted to 13.5°Bé (low ACE) —e—  Diluted to 13.5 °Bé (high ACE)

Diluted to 13.5 °Bé - Diluted to 13.5 °Bé (mod ACE)

FIGURE 7A. Descriptive sensory analysis of the wines made with ACE-treated must.

15.5°Bé Diluted to 13.5 °Bé | Diluted to 13.5°Bé (low ACE)

Astringency . | . 1 . |
Body ) | , 3 i
Colour intensity . | , | ; i
Dark fruit smell . ;
Dark fruit taste : [ .
Hotness | X | . .
Length . I [ , | i |
Odour complexity ) ) .
Qdour intensity ) | - : ; |
Red fruit smell X | ] | 2 |
Red fruit taste ) | i | . |
Ripe fruit smell ) | : | . ‘
Ripe fruit taste ) | . . W
Vegetal smell _ ) : ; |
Vegetal taste . \ _ ! ! ; I
Viscosity |

Diluted to 13.5°Bé (mod ACE)  Diluted to 13.5 °Bé (high ACE) 100 50 0 50 100

Astringency . | : |
Body . :
Colour intensity ) | ) ||
Dark fruit smell ) : I
Dark fruit taste . | ; |
Hotness _ . |
Length . I : 1
Odour complexity . | .
Qdour intensity . | .
Red fruit smell B} : |
Red fruit taste . I ' ,
Ripe fruit smell | ) \ i |
Ripe fruit taste . | . |
Vegetal smell N | . |
Vegetal taste ' | . |
Viscosity |
100 50 0 50 100 100 50 0 50 100
Percentage

Response [ 1 2 3 405

FIGURE 7B. likert Plot - Visual representation of the sensory Just-AboutRight (JAR) naive sensory panellist JAR
datasets where the larger the grey mid-section, the higher preference a particular attribute is.
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DISCUSSION

Concerns regarding wine quality (Jackson, 2008) and
consumer aversion to the production of high-alcohol wines
(Saliba et al., 2013; Gawel et al., 2013; Burro et al., 2023)
have led to a number of fermentation strategies being
adopted in both the laboratory and commercially to address
the reduction of ethanol yields during fermentation of
musts, while also considering the impact on other wine
organoleptic qualities. One approach is water addition or
water substitution into pre-fermentation high sugar musts
(FSANZ, 2017; Bindon et al., 2019; Teng et al., 2020;
Schelezki et al., 2020a). However, recent studies show that
this winemaking approach can lead to a significant decrease
in phenolic concentrations and can also negatively impact
sensory parameters when compared to a late-harvest non-
treated wine (Teng et al., 2020; Schelezki et al., 2020a).
Previous studies have also indicated that because ethanol
will contribute to the final wine aroma, tannins and flavour
(Carpena et al., 2020), there is also a need to balance the
desired reduction in ethanol production with other desirable
wine flavonoids (Remize et al., 1999). These concerns are
addressed by this study, where the implementation of the
Accentuated Cut Edge (ACE) wine-making technique to
maintain final wine quality is examined.

1. Diluted 13.5 °Bé ACE treatment can restore
total phenolics (a.u.), but none of the ACE
freatments can restore free anthocyanins
(mg/L) levels for a water-treated must, young
Shiraz wine

The extraction of phenolic compounds is important
in  determining  final wine  quality  attributes
(Rousserie et al., 2019; Kassara and Kennedy, 2011).
Total phenolics in wines which have been subjected to
water treatment of their musts pre-fermentation have been
shown to be negatively impacted (Schelezki et al., 2020a;
Schelezki et al., 2020b; Teng et al., 2020). We find that the
diluted to 13.5 °Bé high ACE treatment can restore total
phenolics (53.00 a.u.) to similar levels to that of 15.5 °Bé
(non-diluted no ACE) (54.33 a.u.) treatment, where all other
treatments are observed to have statistically significantly
lower results for total phenolics. These outcomes agree
with other previous work implementing ACE wine-making
approaches (Sparrow et al., 2016a; Kang et al., 2020;
Wang ef al., 2022; Cheng et al., 2022).

Anthocyanins are water-soluble flavonoid pigments that,
depending on pH and, in some cases, complexing agents, can
contribute diverse colours in red wine, from slight red to dark
purple (Gil-Muioz et al., 2021). Water dilution treatment
of high sugar musts has decreased wine anthocyanins or
colour density (Teng et al., 2020). Our findings also find that
water addition to the 15.5 °Bé must results in a statistically
significant decrease in free anthocyanins in the diluted
13.5 °Bé (no ACE) treatment (538.00 mg/L; 459.00 mg/L).
We show that applying ACE at all levels into water diluted
musts does not significantly address this impact. These
findings can be related to all ACE treatment wine samples

being tested early after only one-year post-bottling. In young
wines, wine anthocyanins have not yet had time to react with
other acids and compounds in the wine, such as tannins,
pyruvic acid and acetaldehyde, which will change the colour
of the wine, causing it to develop more ‘brick red’ hues
(Teng et al., 2020). Our outcomes indicate that for this wine
quality parameter, ACE implemented at all levels in a water-
treated must young Shiraz wine will have minimal influence.

2. Diluted to 13.5 °Bé high ACE treatment can
increase total tannin (%) but has no effect on
Chemical Age 1 or 2 for water treated must,

young Shiraz wine

Tannins are important flavonoids in wine production. Tannins
will come from the grape skins, pips (seeds) and stems,
and the wood barrels used during ageing. Tannins provide
texture and mouthfeel to wine as well as a sense of weight,
structure and ageing potential (Schelezki et al., 2020b).
The extraction and retention of tannins from the skins and
seeds of red grapes in must are significantly influenced by
the conditions throughout the wine fermentation process,
including temperature, ethanol concentration, and pH levels
(Beaver et al., 2019; Watrelot and Norton, 2020). Grape
skin tannins are readily extractable in the must due to grape
skin breakage and the presence of ethanol, which serves as
a solvent during fermentation and maceration, allowing for
the early release of tannins and anthocyanins into the wine
(Kennedy, 2008). Extraction of tannins from grape seeds
takes longer and depends on ethanol produced by yeasts
during alcoholic fermentation of grape sugars present in the
must (Gonzalez-Manzano et al., 2004).

In our study, temperatures of all ferments were maintained
to address any possible associated impacts on chemical
compounds. However, we find that water dilution treatments
affect chemical compound concentrations to varying
degrees. Previous research has shown that adding water
to the fermentation process inevitably dilutes the must,
affecting the overall sugar concentration, impacting the
fermentation process’s ability to produce ethanol. In turn,
changes in ethanol content caused by adding water to a must
have a significant adverse impact on the tannin extraction
kinetics since ethanol plays a major role in the extraction
of tannins (Schelezki er al., 2020b; Teng et al., 2020;
Harbertson et al., 2009). Our results are in line with these
findings, where we show that the diluted to 13.5 °Bé (no
ACE) treatment wine (with a corresponding decrease in
final alcohol levels (13.5 % alc/vol)), has a statistically
significant decrease in total tannin (0.89 %) when compared
to the 15.5 °Bé (non-diluted no ACE) treatment (1.19 %). By
implementing ACE treatment, we show that total tannin (%)
in the diluted high ACE treatment group (1.20 %) is restored
to a similar level as the 15.5 °Bé (non-diluted no ACE)
treatment group (1.19 %) (Figure 3, Supp. Table 2). Our
results are consistent with those of Kang et al. (2020), who
also show that ACE can increase the concentration of tannin
and total phenolics in wine, which has had its must subject
to pre-fermentation water treatment (Kang et al., 2020).
It could be that the high ACE treatment in our study can
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enhance tannin extraction where the usual binding of tannin
molecules by polysaccharide structures of cell wall fibres
reached saturation point before the seed tannins are fully
extracted (Bindon ef al., 2010), which allows for a significant
proportion of extracted tannins to remain in the wine matrix
rather than being discarded with the grape marc at pressing.
In early maceration and fermentation, anthocyanins can bind
with proteins in the grapes and drop out as sediment. Keeping
tannins in the must allows some tannins to bind with the
proteins instead. Tannins will also bind with anthocyanins,
which can stabilise dissolved pigments, which will also assist
in preserving colour (Li ef al., 2020). The restoration of
tannins by high ACE treatment in water-treated musts is thus
an important positive outcome that winemakers can consider.

Notably, while the chemical age 1 level is highest for the
diluted to 13.5 °Bé high ACE treatment group, and the
chemical age 2 level is highest for the diluted to 13.5 °Bé
low ACE treatment group, these levels are not statistically
significantly different from any other treatment groups.
Chemical age 1 and chemical age 2 have been defined by
the extent to which monomeric anthocyanins are displaced
by polymeric pigment forms and can indicate wine ageing
potential (Somers and Evans, 1977). Previous findings
have found that chemical age 1 and 2 indices significantly
correlate with maturation time regardless of other influences
(Basalekou et al., 2017). Our results agree with this, where
they may be attributed to the Shiraz treatment wines in
this study all being young (1 year after bottling), where no
statistically significant changes will occur for these chemical
attributes regardless of treatments implemented.

3. ACE treatments can restore some sensory
parameters in water treated must, young
Shiraz wine

3.1. Diluted to 13.5 °Bé high ACE treatment can restore
colour intensity

In this study, all wine samples were first tested visually.
This is because colour and appearance generally provide a
first impression and can be associated with wine quality. If
the colour is not what is expected for the wine in question,
this may impact all other sensory parameters being tested
(Ailer et al., 2020). Water-diluted must-treated wines have
negatively impacted wine colour intensity (Teng ef al., 2020).
By combining ACE with water treatment of musts, we show
that for colour intensity, diluted to 13.5 °Bé high ACE
treatment wine has the greatest overall colour intensity score,
which agrees with Sparrow et al. (2016b), who observed
that ACE-treated Pinot noir wine had the highest proportion
of red colour, when compared to non-ACE treated wine
samples (Sparrow et al., 2016b). However, in our study,
sensory panellists find it ‘too high’ with the lowest preference
of all treatment groups. Interestingly, 15.5 °Bé (non-diluted,
no ACE) treatment wine and diluted to 13.5 °Bé mod ACE
treatment wine show greatest preference for colour intensity.
For this sensory parameter alone, it can be deduced that
while ACE can restore colour intensity in Shiraz wines with
pre-fermentation musts subject to water treatment, untreated
wines can still be preferred.

3.2. Diluted to 13.5 °Bé high ACE treatment can restore
mouthfeel and texture

The mouthfeel and texture properties of wine are a
complex mixture of taste and mouthfeel sensations, mostly
astringency and flavour (Canon ef al., 2022). These non-taste
sensations are a consequence of oral-tactile stimulations and
are considered just as important as wine appearance, aroma
and taste sensory parameters of a wine (Canon ef al., 2022).
Studies have shown that water addition treatments of musts
implemented to reduce final alcohol levels in final wines can
negatively impact mouthfeel and texture sensory parameters
(Teng et al., 2020). Petrie et al. (2019) showed that late
harvest 15.5 °Bé non-treated wines displayed higher hotness,
viscosity, astringency and opacity than wines produced
from water-treated musts (Petrie ef al., 2019). In this study,
we assess the mouthfeel and texture sensory parameters of
astringency, hotness, body, viscosity and length for all diluted
ACE treatment wines to determine if ACE can address the
impacts on these sensory parameters from water treatment
of musts.

Addressing the sensory parameter of hotness, in particular, can
be important, especially for water-diluted treated wines where
ethanol levels are decreased. This is because the sensation of
hotness is associated with ethanol, which can increase the
complexity perceived in a wine (Meillon et al., 2009). In this
study, our naive sensory study panellists score the diluted to
13.5 °Bé high ACE treatment wine with the greatest overall
preference for hotness along with the 15.5 °B¢é (non-diluted
no ACE) treatment wine, where all other treatment wines are
observed as having hotness as ‘too low’. This indicates that
the diluted to 13.5 °B¢é high ACE treatment can replicate or
offset the loss in hotness when compared to other treatments
with dilution and match that of the 15.5 °Bé (non-diluted
no ACE) treatment wine effectively. This could result from
an increase in other structural chemical compounds in the
wine, such as total phenolics and total tannin, as noted above
(Li et al., 2020). A high ACE wine-making implementation
in a diluted must may, therefore, address the negative impact
of the loss of ethanol on sensory parameters in a water-
treated wine alone. Related to this is the sensory parameter of
wine astringency (Vidal et al., 2015; Piombino et al., 2020).
Total tannins and total phenolic chemical measures will also
contribute to the perception of astringency. As noted above,
the diluted to 13.5 °Bé high ACE diluted treatment will
positively impact these chemical parameters. We also find
that all ACE treatments will modify the astringency reduction
caused by water dilution alone (diluted to 13.5 °Bé (no
ACE)). This may be associated with an increased perception
of graininess intensities (Bajec and Pickering, 2008). This
result is consistent with previous studies undertaken for
the Pinot noir variety (Sparrow et al., 2016b). In our study,
however, sensory panellists found that astringency levels
were ‘too high’ for all ACE treatment Shiraz wines, with no
preference for any of the treatments indicated by panellists.

The sensory parameter of length is also important for a wine,
as it can also indicate its quality. The longer the taste of the
wine lingers, the higher the quality it is perceived to have
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(Canon et al., 2022). This study’s sensory outcomes show
that the diluted to 13.5 °Bé high ACE treatment wine has
the greatest overall observed length. However, it is observed
as ‘too high’ and has the lowest preference of all treatment
wines. No difference in length is observed between other
treatments. It may be deduced that the diluted to 13.5 °B¢é
high ACE treatment increases length too much. However,
in lower implementation, diluted to 13.5 °Bé low ACE and
diluted to 13.5 °B¢é mod ACE treatments can maintain a
preference for length comparable to that of other treatments
without ACE (15.5 °Bé (non-diluted no ACE), diluted to
13.5 °Bé (no ACE)).

3.3. Diluted to 13.5 °Bé high ACE treatment can produce
preferred vegetal smell, and diluted to 13.5 °Bé mod
ACE treatment can produce preferred odour infensity

Wine aromas will also play an important role in the
acceptability of wine and will influence consumer preferences
(Saenz-Navajas et al., 2016; André et al., 2023). For this
study, treatment wines without ACE (15.5 °Bé (non-diluted
no ACE) and diluted to 13.5 °Bé (no ACE)) have the lowest
preference relating to vegetal smell. We find that ACE can
increase the preference for vegetal smell, where sensory
panellists indicate the highest preference for the diluted to
13.5 °B¢ high ACE treatment wine. For odour intensity,
15.5 °Bé (non-diluted no ACE) treatment wine exhibits
the highest score; however, this is rated as ‘too high’ by
the sensory panellists and has the lowest preference of all
treatment wines. This may be attributed to corresponding high
ethanol levels of 15.5 % alc/vol compared to other diluted
treatments at 13.5 % alc/vol. The lowest odour intensity is
shown in the diluted to 13.5 °Bé (no ACE) treatment wine,
where all ACE treatment groups effectively increase odour
intensity. This is in line with previous studies that found that
ACE can positively address decreases in odour intensity for
wines that have been subject to water treatment of must pre-
fermentation (Kang e al., 2020). Interestingly, our study
finds that the diluted to 13.5 °B¢é mod ACE treatment wine
has the highest preference for odour intensity, indicating that
ACE at this level is an effective strategy to increase odour
intensity concentrations and preference in water diluted
wines, whereas it does not become ‘too high’.

3.4. All ACE treatments can restore dark fruit taste
sensory parameter with diluted to 13.5 °Bé mod ACE
treatment most preferred

Taste is also an essential element that will indicate wine
quality and can demonstrate varying levels of consumer
liking (Canon et al., 2022). Taste covers four main receptor-
mediated, gustatory sensations: sweet, bitter, sour and salty.
Theflavouristhecombinationofthetastebudsandtheolfactory
receptors. Non-volatile compounds contribute to taste, and
volatile compounds contribute to aroma (Canon et al., 2022).
Previous studies have found that for wines which have had
their musts subject to water treatment pre-fermentation,
negative impacts on wine sensory parameters of taste and
flavour will result (Petrie ez al., 2019; Piccardo et al., 2019;
Schelezki et al., 2018a; Schelezki et al., 2018b). This can

include ‘cooked vegetable’, drain, savoury, and acidic
characteristics (Petrie ef al., 2019; Piccardo et al., 2019). By
adding ACE to water-treated must, ACE can restore some
of the favourable taste/ flavour sensory parameters in a final
wine. 15.5 °Bé (non-diluted, no ACE) treatment wine has the
highest observed dark fruit taste; however, this is noted as
‘too high’ and has the lowest preference of all treatments.
Diluted to 13.5 °Bé (no ACE) treatment wine shows the
lowest observed dark fruit taste. The diluted to 13.5 °Bé mod
ACE treatment wine has the highest preference, indicating
that ACE treatment can effectively offset the dilution of
dark flavours. However, there is no statistical difference
between diluted to 13.5 °Bé (no ACE) treatment and all
other ACE treatments despite their increased preference.
We also show that with respect to red fruit taste and flavour,
ripe fruit taste and flavour, and vegetal taste and flavour,
no statistical differences were observed between any of the
treatments. These results may be related to Shiraz wines,
which are generally associated with attributes of dark fruits
(Pearson et al., 2018), where ACE may have less impact for
this variety on these sensory parameters.

4. Consumer preference for ACE and water-
treated must, young Shiraz wines

By adding ACE to water-treated musts, we find that diluted
to 13.5 °B¢ high ACE and diluted to 13.5 °B¢é mod ACE
treatment wines are highest rated overall compared to
other treatment wines. However, no statistically significant
difference was observed in consumers’ overall liking of the
wines between treatments. Regarding purchase likelihood,
the diluted to 13.5 °Bé mod ACE treatment wine shows a
statistically significant preference compared to the 15.5 °Bé
(non-diluted no ACE), diluted to 13.5 °Bé low ACE, and
diluted to 13.5 °Bé (no ACE) treatment wines, but these
are not statistically significantly different from the diluted
to 13.5 °Bé high ACE treatment wine. Both the diluted
to 13.5 °Bé high ACE and diluted to 13.5 °Bé mod ACE
treatment wines demonstrate a statistically significant
increase in purchase likelihood when compared to 15.5 °Bé
(non-diluted no ACE) and diluted to 13.5 °Bé (no ACE)
treatment wines. The overall increase in purchase likelihood
is consistent with statistically significant differences
observed in individual attribute preferences. Overall, liking
analysis is undertaken using a penalty analysis approach.
This penalty analysis demonstrates that the ‘too little’ body
and ‘too little’ red fruit taste are the only two attributes in the
critical corner. ‘Too little’ of these two attributes is shown
to have the most negative impact on overall liking when
observed in the JAR scale. Diluted to 13.5 °Bé low ACE
treatment wine is shown as having the lowest score for body.
Diluted to 13.5 °Bé (no ACE) treatment wine shows the
lowest score for red fruit taste. It could be noted that although
consumer perception is that these two treatments have the
lowest observed concentration of these attributes, this is not
statistically significantly different from any other treatment
in each attribute category, so definite conclusions cannot be
adequately drawn from these results.
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CONCLUSION

In this study, the must extraction wine-making technique
Accentuated Cut Edges (ACE) was applied at three different
levels (low ACE, mod ACE and high ACE), where the
ACE-treated musts were then subjected to water dilution
treatment pre-fermentation. The diluted to 13.5 °Bé high
ACE treatment was effectively able to offset the outcome
of reduced total tannin (%) and total phenolics (a.u.) due
to water dilution alone, but not for free anthocyanins
(mg/L). Sensory results demonstrated that the diluted to
13.5 °Bé mod ACE treatment wine had the greatest preference
for colour intensity, odour intensity and dark fruit taste for
the Shiraz cultivar. In addition, the diluted to 13.5 °Bé high
ACE treatment wine showed the greatest preference for
hotness and vegetal smell and an increase in preference for
dark fruit taste. Wine producers can implement ACE must
extraction techniques when they are required to address final
wine alcohol levels while still addressing impacts on flavour
and taste associated with pre-fermentative water treatments.
While water treatments of pre-fermentation musts are not
yet approved winemaking approaches in many countries,
we suggest that as global warming and its impacts on grape
growing and wine production continue to be of increasing
concern, international winemakers can be kept abreast of
developments in Australia. This study demonstrates ACE
as a valid wine-making process for Shiraz, which has the
potential to positively address any resultant negative impacts
on final wine phenolic and sensory aspects related to water
dilution fermentation approaches.
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