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Abstract

The dealcoholization technique has gained more attention in the wine industry as it can significantly influence wine composi-
tions and quality beyond alcohol level reduction. However, the changes occurring in the various processes of dealcoholization
are not fully understood yet. This work summarizes the literature published in the last 10 years (2013-2023) about changes in
color, sulfur dioxide (SO,), phenolic composition, losses of desirable volatile aroma compounds, and sensory characteristics
of wine after the removal of ethanol by different processes/techniques. Several factors can influence the final characteristics
of wine during the process, including physico-chemical parameters such as the initial alcohol level, the retention properties
of the wine non-volatile matrix, and the characteristics of aroma components. Additionally, the quality of dealcoholized wine
can be affected by the choice of dealcoholization techniques, distillation temperature, operating pressure, and membrane
properties, including filtration and pore size. Low- and zero-alcohol products have the potential to expand the market and
cater to diverse consumer segments. This comprehensive review would help winemakers in choosing the best techniques to

produce dealcoholized wine, limiting the adverse effects, and meeting the needs of consumers.
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Introduction

International Organisation of Vine and Wine (OIV)
defines “wine as the beverage resulting exclusively from
the partial or complete alcoholic fermentation of fresh
grapes, whether crushed or not, or of grape must. Its actual
alcohol content shall not be less than 8.5% vol” (OIV,
2017). Similarly, European Union (EU) regulation defines
wine as “the product obtained exclusively from the total
or partial alcoholic fermentation of fresh grapes, whether
or not crushed, or of grape must with an actual alcoholic
strength of not less than 8.5% volume” (EU Regulation
No 1308/2013, p. 809, 2013). In previous studies, different wine
categories were proposed based on the alcohol content
as alcoholic (> 10.5% v/v ethanol), lower-alcohol (5.5 to
10.5% v/v ethanol), reduced-alcohol (1.2 to 5.5% or 6.5%
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v/v ethanol), low-alcohol (0.5 to 1.2% v/v ethanol), and
alcohol-free (0.5% v/v ethanol) wine to consider potential
social and health benefits for consumers (Pickering, 2010;
Saliba et al., 2013); however, there were no official
regulations at that time, and these categories were loosely
based on labeling and legislative requirements and may vary
between most wine-producing countries. Most recently,
the EU introduced the category of “dealcoholized wine,”
including wines where “for actual alcoholic strength no
more than 0.5% v/v ethanol,” and “partially dealcoholized”
“for actual alcoholic strength above 0.5% v/v ethanol is
below the minimum actual alcoholic strength of the wine
category” (EU Regulation No 2117/2021, p. 270, 2021). In
Australia, wines are categorized based on their alcohol
content. Those with an alcohol concentration above 4.5%
abv are typically labeled as “wine.” The range between 1.15
and 0.5% abv falls under the category of “low-alcohol wine,”
while alcohol content below 0.5% abv is generally described
as “alcohol-free,” “non-alcoholic,” or “dealcoholized wines”
(AWRI, 2022). In the United States, wines encompass a
range of categories with varying ethanol content. “Wine”
typically refers to products with alcohol content between
14 and 7% abv; also, “Table wine” and “light wine” fall
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within this range. “Low-alcohol wine” is used for products
with alcohol content less than 8.5% abv, and “alcohol-
free,” “non-alcoholic,” or “dealcoholized” are labels
applied to wines below 0.5% abv (AWRI, 2022). The UK
classifies wine based on ethanol content as well, designating
wines exceeding 8.0% abv as “wine,” those below 1.2%
abv as “low-alcohol wine,” and less than 0.5% abv as
“dealcoholized,” with the “alcohol-free” label reserved for
wines below 0.05% abv (UK Gov, 2018).

The demand for non-alcoholic wine has increased at an
unprecedented rate, driven by a growing interest in healthy
living, and as a response to higher alcohol content in wine
caused by climate change (Fact. MR, 2022; Liguori et al.,
2013). This demand is also influenced by prohibitions on
drinking due to medical advice (e.g., during pregnancy, for
individuals with cardiovascular or hepatic disorders, and for
athletes), driving regulations, and ethical/religious consid-
erations (Piornos et al., 2020). Furthermore, several nations
impose higher import taxes or tariffs on alcoholic bever-
ages, and these taxes can often vary based on the alcohol
content of the products. The non-alcoholic wine market
was worth more than US$ 1.6 billion in 2021, and it is pre-
dicted to grow at a compound annual growth rate (CAGR)
of 10.4% to reach a valuation of US$ 4.5 billion by 2031,
compared to a CAGR of 8.8% for 2016 to 2020. According
to the latest Fact. MR report, during 2021-2031, the market

Stage of wine
production

for non-alcohol wine in the USA, Australia, France, Italy,
and Germany is projected to grow at 9.6%, 12.2%, 11%,
9.9%, and 9% CAGR, respectively (Fact. MR, 2022). The
prominent alcohol-free and dealcoholized wine brands in the
market encompass a range of appealing options. Notewor-
thy selections include “YOURS Non-Alcoholic California
Red Blend,” “Ariel Non-Alcoholic Cabernet Sauvignon,”
“Be Well Cabernet Sauvignon Non-Alcoholic Red Wine,”
“Giesen 0%,” “Thomson & Scott Noughty Rouge Dealcohol-
ized Wine,” “St. Regis Non-Alcoholic Cabernet Sauvignon,”
and “Leitz Eins Zwei Zero Riesling.” Additionally, “Starla
Wines” stands out for presenting a trio of varietals, including
Red Blend, Sauvignon Blanc, and Sparkling Rosé.
Dealcoholization is the process of removing the alcohol
from wine, which can be achieved either in a single run
or through a series of repeated cycles. A dealcoholization
cycle represents the time taken to achieve a desired ethanol
concentration in wine. There are several processing
techniques for producing wines with lower, reduced, low,
and no alcohol. These techniques can be implemented at
pre-fermentation, fermentation, and post-fermentation stages
of wine production, each with different dealcoholization
efficiency, as summarized in Fig. 1. In terms of post-
fermentation techniques, the EU regulation 2021/2117
permits the dealcoholization of wine using partial vacuum
evaporation, membrane techniques, and distillation
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Fig. 1 Techniques for alcohol reduction in winemaking
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processes. Practically, several approaches are discussed:
reverse osmosis (RO), nanofiltration (NF), pervaporation
(PV), vacuum distillation (VD), osmotic distillation (OD),
spinning cone column (SCC), and multi-stage membrane
systems (Akyereko et al., 2021; Mangindaan et al., 2018;
Sam et al., 2021a, b; Schmitt & Christmann, 2022).
Moreover, Fig. 2 illustrates a typical scheme of different
post-fermentation techniques utilized in the production of
low-alcohol wines. These dealcoholization processes may
impact the wine composition, affecting its flavor, taste, and
mouthfeel, sometimes yielding inconsistent results in terms
of wine palatability (Lisanti et al., 2013). However, some
well-known post-fermentation techniques, such as RO and
OD, have been utilized to remove alcohol concentrations
to levels lower than 5% v/v ethanol without substantially
altering the main quality parameters of the wine (Catarino
& Mendes, 2011; Corona et al., 2019; Liguori et al., 2019).

The present review aims to summarize the changes in the
basic composition (such as pH, color, SO,), phenolic composi-
tion, losses of desirable volatile aroma compounds, and sensory
characteristics of wine during the removal of ethanol by differ-
ent post-fermentation techniques. It also focuses on consumer
perception and health benefits of low- and zero-alcohol wines.

A systematic search was conducted using several data-
bases including PubMed, Scopus, ScienceDirect, and Web
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of Science from 2013 to 2023. The studies were specifi-
cally chosen to examine the volatile and non-volatile pro-
files and to compare changes in the sensory characteris-
tics, considering the wealth of available information and
the significant differences observed in outcomes after eth-
anol removal. The search terms used in combination with
the term “wine” included dealcoholization, dealcohol-
ized, low alcohol, zero alcohol, and ethanol removal. The
detailed information to be extracted was the first author’s
name, publication year, sample source, type of wine,
sample size, dealcoholized technique, number of dealco-
holization cycles, consumer behavior/perception, health
benefits, and results of volatile and non-volatile profile.
The eligibility process was described in a PRISMA flow
diagram (Supplementary Fig. 1). Fifty-three records met
the inclusion criteria and provided information about one
or more of the following topics: the impact of dealco-
holization on acidity, SO,, color, and total phenolic of
wine (n=15); the impact of dealcoholization on volatile
compounds of wine (n = 18); the impact of dealcoholiza-
tion on the sensory profile of the wine (n=15); and con-
sumer acceptance and health benefits of low- and zero-
alcohol wines (n=28).
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Fig.2 Scheme of different integrated systems for wine dealcoholization (reprinted from Sam et al. (2021b) under open access Creative Com-

mon CC BY license)
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Impact of Dealcoholization on Acidity
and SO, of Wine

Physico-chemical parameters like pH, total acidity, and
SO, are key determinants of wine characteristics. The
effect of different dealcoholization techniques on the
physico-chemical parameters of wines is summarized
in Fig. 3 and Supplementary Table 1. Figure 3 (alluvial
diagram) shows that most studies were conducted on red
wines using membrane-based techniques, highlighting that
the effect of dealcoholization on physico-chemical param-
eters mostly depends on the type of wine, percent ethanol
removed, type of dealcoholization technique, and operat-
ing conditions (such as temperature, pressure, and mem-
brane size). The pH increased during the dealcoholization
of Merlot, Chardonnay, and Pinot Noir wines by RO and
VD (Sam et al., 2021a) and Lange, Verduno Pelaverga,
and Barbera wines by MC and VD (Motta et al., 2017).
The change in pH and acidity affects the overall wine sen-
sory properties (Varela et al., 2015), including the color
of wine, which depends on the equilibrium between the
different forms of anthocyanins (see the “Impact of Deal-
coholization on Color and Total Phenolic of Wine” section
for details on wine color). Falanghina white wine treated
with OD (ethanol from 12.5 to 0.3% v/v ethanol) showed
a change in pH (3.22-3.26) and total acidity (5.81-6.02
g/L); however, during the sensory assessment, the pan-
elists scored dealcoholized wine as sourer compared to
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Fig.3 Alluvial diagram: effect of different dealcoholization pro-
cesses on the basic composition of wines. Legend: n.a. data not avail-
able; n.s. not significant change; s+ significant increase; s- significant
decrease; TA total acidity; VA volatile acidity; TPC total phenolic
content; CI color intensity; RO-EP reverse osmosis-evaporative per-
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original wine (Liguori et al., 2019). In a study of Montep-
ulciano d’Abruzzo red wine, a small change in pH (from
3.56 to 3.49) and total acidity (from 4.9 to 5.1 g/L) was
found after removing ethanol from 13.23 to 4.0% v/v etha-
nol by OD. Dealcoholized wines were observed by pan-
elists with higher sourness and less bitterness as compared
to control wine (Corona et al., 2019). This perception may
be due to the lower alcohol content in dealcoholized wines,
which can result in an imbalance with the acid level, lead-
ing consumers to perceive them as sourer. Additionally,
Gawel et al. (2013) studied the effect of pH, alcohol, and
phenolics on the perception of Riesling and Chardonnay
wine. They observed that the combined effect of phenolic
content and alcohol concentration on astringency and bit-
terness was additive, suggesting that alcohol directly con-
tributes to these attributes in white wines. Higher alcohol
wine resulted in lower bitterness. Wines with a low pH (3)
were perceived as more astringent than those with a high
pH value (3.3), probably due to a drop in saliva’s viscosity
at low pH, which results in increasing astringency (Wang
et al., 2020; Zhao et al., 2023).

Total SO, (Fig. 3 and Supplementary Table 1) content
generally decreased with the dealcoholization of Verdejo
by NF-PV and PV (Calvo et al., 2022), Aglianico by MC
(Lisanti et al., 2013), Merlot by RO (Sam et al., 2023), and
Merlot, Chardonnay, and Pinot Noir rosé wines by RO and
VD (Sam et al., 2021a). The decrease could be due to
oxidation of SO, or volatilization of molecular SO,. In
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straction; RO reverse osmosis; VD vacuum distillation; OD osmotic
distillation; PV pervaporation; NF+ PV nanofiltration-pervaporation;
BVSC Barossa Valley Shiraz Cabernet Sauvignon; MVC McLaren
Vale Cabernet Sauvignon; x—y means ethanol removed from x to y,
for e.g., “12.5-0.3” means ethanol removed from 12.5 to 0.3% v/v
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contrast, Ivié et al. (2021) observed an increase in the total
SO, content of Cabernet Sauvignon by removing 4% ethanol
using RO and NF. Similarly, Motta et al. (2017) observed
an increase in the total SO, of Lange (by VD), Verduno
Pelaverga (by MC), and Barbera (by MC and VD) by remov-
ing 5% v/v ethanol. Moreover, there was no free SO, found
in the Barossa Valley Shiraz Cabernet Sauvignon (14.1%
abv) and McLaren Vale Cabernet Sauvignon (17.1% abv)
after the removal of ethanol up to 2.6% abv by RO-EP (Pham
et al., 2019a, 2020). The differences between the results of
the studies mentioned above could be due to the dealco-
holization techniques used, the degree of alcohol reduction,
and the type of wine, as well as the initial free and total SO,
content of the original wines prior to dealcoholization.

Impact of Dealcoholization on Color
and Total Phenolic of Wine

It is well-known that phenolic compounds play a significant
role in wine’s bitterness, astringency, and color. These com-
pounds are also important for the preservation of wines and
are the foundation of lengthy aging (Allegro et al., 2021;
Merkyté et al., 2020; Waterhouse, 2002; Zoecklein et al.,
1990).

Dealcoholization significantly affects wine color and
total phenolics, which varies according to the type of wine
and techniques used (Fig. 3 and Supplementary Table 1).
The color intensity (A420+ A520+ A620,,,) increased dur-
ing the dealcoholization of Aglianico wine by OD (Liguori
et al., 2013); Merlot wine by RO (Sam et al., 2023); Lange,
Pelaverga, and Barbera wines by MC and VD (Motta et al.,
2017); Montepulciano d’Abruzzo wine by RO-OD (Russo
et al., 2019); and Merlot and Pinot Noir wines by VD (Sam
et al., 2021a). Concurrently, wine hue (A420/A520,,,)
decreased. The increase in color intensity varied from 17 to
98% (Supplementary Table 1). The increase in wine color
intensity during the dealcoholization process can be justi-
fied by the concentration effect produced by the removal of
ethanol from the wine (Sam et al., 2021a, b). Moreover, the
color increase can be related to oxygen intake which can lead
to the oxidation of wine pigments and compounds, while the
loss of SO, can result in reduced protection against color
degradation (Liguori et al., 2013; Pham et al., 2019a, b).

The concentration of phenolic compounds such as poly-
phenols, anthocyanins, and flavonoids either remains the
same or increases significantly in dealcoholized wine (Fig. 3
and Supplementary Table 1). Rosé (Langhe) and red (Ver-
duno, Pelaverga and Barbera) wines obtained after dealco-
holization (final ethanol level 5% v/v) using MC and VD
showed higher concentrations of phenolic compounds such
as total flavonoid (MC: 6-13%; VD: 57-84%) and total
anthocyanin (MC: 8-13%; VD: 58-62%) than the original

wine (Motta et al., 2017). The increase in phenolic com-
pounds (particularly, the anthocyanin content increased
by approximately 11 to 50%) in red wine after the removal
of 2% ethanol by RO may be attributed to the removal of
wine tartrate salts, which can otherwise trap polyphenols
(Gil et al., 2013). Also, Banvolgyi et al. (2016) reported
that partial removal of ethanol (4-6% v/v final ethanol level)
by NF at a lower temperature (20 °C) can result in better
retention of polyphenols in wine. The solubility of phenolics
in wine depends on several factors, including the wine pH,
temperature, and ethanol concentration (Forino et al., 2020;
Gawel et al., 2013; Medina-Plaza et al., 2019). Polyphenols
may display a spectrum of polarity, with certain compounds
exhibiting a greater hydrophilic character than others. The
presence of ethanol generally contributes to an enhanced
solubility of polyphenols. However, anthocyanins represent
a unique class of polyphenols, as they incorporate one or
more sugar moieties into their chemical structure, endowing
them with water solubility even in the absence of ethanol.

Impact of Dealcoholization on Volatile
Compounds of Wine

The aroma and flavor of wine are primarily associated with
several classes of volatile compounds, including esters, alco-
hols, acids, terpenes, phenols, aldehydes, ketones, norisopre-
noids and lactones (Ferreira & Lopez, 2019; PolaSkova et al.,
2008; Robinson et al., 2014; Styger et al., 2011; Villamor
& Ross, 2013).

The impact of ethanol removal using different techniques,
such as RO, VD, OD, RO-EP, RO-MC, NF, and PV, on the
volatile composition of dealcoholized wine is summarized
in Table 1. The losses in the volatile compounds during
the dealcoholization are unavoidable due to the existence
of favorable concentration gradients for these components
between both membrane sides. Moreover, it depends on the
synergy between the physical and chemical (i.e., chemical
structure, boiling point, water solubility, hydrophobicity)
properties of volatile compounds and how they interact
with the wine matrix during the process, the alcohol con-
centration, and the affinity to the membrane (Esteras-Saz
et al., 2021, 2023). The volatile compounds do not undergo
complete disappearance during dealcoholization process;
instead, they remain associated with the removed frac-
tion, rendering them available for potential reintegration as
needed. RO and VD were used to produce non-alcoholic
wine from Chardonnay (13.4% v/v ethanol), Pinot Noir rosé
(12.2% v/v ethanol), and wine from Merlot (13.9% v/v etha-
nol); all wines were dealcoholized to 0.7% v/v ethanol (Sam
et al., 2021a). The findings demonstrated that RO-treated
wines had losses in the overall ester concentration of 92,
81, and 87% and VD-treated wines had losses of 96, 98, and

@ Springer



Food and Bioprocess Technology

PaseaIdap
SSQUJOOMS PUE ‘SSOUIaNIq ‘ssauf[nj/Apoq e
sajou 31y yoead pue ‘opdde ‘snnro Surgsory
(£20T “Te 19 NIYdS) Jo uondoorad ur o3ueyd JueoyIusis oN e PR A 120<€ST1 neguroyy
sprouaidostiou
6 -€1D pue sauadia) [e1o],
S8 SPISE [e10]
paseaour A)IpIoe pue A)Isuajul I10[o)) e
pasea1dap Aiqerdoooe [[e1oA0 pue S6 s[oyod[e 131y [ei0],
‘$SQU)0IMS ‘APOQ QUIM ‘SSAUIINIQ ‘SSAUJOH @ 96 SI19)$9 [B10], L0—¥€1 (enym) Keuuopreyd)
sprouaidostiou
pasea1oap Anpiqeidedoe 6 -€1D pue sauadio) [e10],
[[BISA0 pUE ‘S)INIJ PAI ‘SSAUINIQ 63 SpIoe [e10L,
‘KyIsuaiul BWOIE ‘Ssaujoy ‘Apoq oUIA e
pasearour uondoorod 58 SI0Yod[e J2yS1y [eI0],
Anproe pue ‘Koud3uLnse ‘Kjsusiul 10[oD) o 86 SI91$9 [B10], L0<—TTl (9s01) 10N J0Uld
sprouaidostiou
Ppasea1oap Anpiqerdadoe [[e1oa0 96 -€1D pue sauadia) [e10],
PUE ‘S)INIJ PaI JO $AJOU ‘AIISUIUI BWOIR 16 SPIOE [I0L,
‘ssoujoams ‘Apoq QUIM ‘SSAUINIQ ‘SSIUIOH e
paseasour uondoorad v6 S[0Yd[E JOY31Y 2101,
(B1Z0T ‘T 10 Wes) Anproe pue ‘Kousdurnse ‘Ajsuaur 10[0) e 96 SI19)S9 [e10], L0—6¢€1 (pa1) 10 (/N
¢ spunodwod [Auoqied [8)J0],
$SQUJOOMS puE A)ISUIUT JOJOD UO JOIYS ON @ sprouaidosLiou
paseardap Ajsudjur 19 -€1D pue sauadia) [e10],
BUWOIE PUR ‘SIIOU SIINIJ PAI ‘SSUIANIQ 3 SPIOE [RI0L,
‘ssamjoy ‘Apoq auim ‘A11[1qeIdosoe [[e1oaQ) e
uondoorad [ s[oyooe Joy3Iy [eJo],
(T20T T2 19 BIA) Koua3urnse pue A)IpIoe Ul 9sLaId9(] @ G8 SI91$9 [B10], L0<TTl (9s01) 10N Joulq
sprouaidostiou
$S -€1D pue sauadio) [e10],
€L SPIO® [E10],
paseaour A)pioe pue K)Isusjul J0[oD) e
paseardap Kiqeidesoe [ereao pue L9 S[oYOd[E 1YBIY [ei0],
‘$SUI0AMS ‘APOQ QUIM ‘SSIUIANIQ ‘SSAUIOH @ 6 SI91$9 [B10], LO—¥€l (anym) Aeuuopreyd
sprouaidostiou
pasea1oap Anpiqeidoooe S -€1D pue sauadia) [e10],
[[BISAO puUR ‘SIINIJ PAI ‘SSAUIMNIQ 16 SPIOE IO,
K)ISUIUI BWOITE ‘SSAU0Y ‘Apoq QUIA
pasearout uondeorad LS s[oyod[e 1ay31y eio],
Ayproe pue ‘KoudSurnse ‘Kjisusiur 10[0D) o I8 SI91$9 [B10], L0<—TTl (9s01) 10N Joulq
sprouaidostiou
Pasea10ap Ajiqeidadoe [[e10A0 pue ‘sajou 0L -€1D pue sauadio) [e10],
3y par jo uondoored ay) ‘Kysudur ewore cL sproe [e10L,
‘$SOUI0AMS ‘APOQ QUIM ‘SSOUINIQ ‘SSAUJOH @
paseaour uondaorad SL SI0Y0d[e J2YS1Y E10],
(81707 “'Te 10 Wwes) Anproe pue ‘Koud3urnse ‘Kjsusiur 10[0D) o L8 SI91$9 [B10], L0—6€] (pa1) 10D ol
(%)
S9$SO[ 9FRIOAR
pajewnsyg spunodwos ewory
SOOUAIRJY S9INQLIIE AIOSUDS UO $199JJH SO[IIR[OA UO S)OH (A/A%) pua «—1Ie3s :a5uer joueypyg ouim Jo adKJ, Ppasn poyIdIA

UOTJBZI[OYOJ[EAP JO SPOYIOUI JUISIP YIIM SAUIM JO SaInqLije KIosuds pue spunodwiod 9[I)E[OA UO INJEINI] PIMIIAI AY) JO MIIAIOAQ | d|qel

pringer

AQs



Food and Bioprocess Technology

87-1C souadio) [ejo,
91-8 SPIoE [e10],
parldep 976 s[oyooe 10yS1y 110,
JuQds Kouoy pue ‘@oud)sisiad ‘Apoq ouip e
($10T “Te 10 1ZZ1IPay) SSQUINIQ PUE ‘ssaun)[es ‘AJIPIOE UO S'U @ SP—0F SI91$3 [e10], %~ 01 dn paroway PAI OIYIDIPIDA
ST SOUO)OR] [2I0],
€C SpIoe [e10],
4 S[OYOSE 1Y31Y [e10],
pax
(6107 “T& 10 ossny) seUe 61 S10)S9 [BI0L, I¥'S«—¢¢l  0zzniqy,p ouerdndojuon
O¢  SOUO)OB[ PUR SAUOJAY [BIO],
paseaIour £ SprE [EIoL
KYIPIOE puUE ‘poseaIodp 9j0u JINIj pal pue 3 s[oyoo[e JayS1y [e10],
‘sa01ds ‘ssoujeams ‘Aypiqeidoooe [e1oAQ e pa1
(6102 “Te 10 eUO0I0D) KYISUQIUI JO[OO UO 'S'U & S8 S10)S9 [B10], 19T €TEl  0zzniqy,p ouedndojuoj
60T souadia) [ejo,
=61 SpIoe [ejo],
suondaoad st61 SIOYOdIE 1oYSTY 70T
JUQSULIISE PUE PIOE JO ASBAIOU] 'SAJOU
SIOMO[J PUE ‘SINIJ PaI ‘KIIAYD JO 9SBAIOI(] ® 79-6% S19)S9 [e10], €88 T80T I8 TT<I8ECl
62-81 souadio) [e10],
pasea1oop £6-6¢ SpIoe [ejo],
(UOTONPAI A/A % UIYIIM S°U) SOIOU ce—ccl S[oyooE JYSTY [RI0L,
S)INIJ Pl pue ‘ALIAYD ‘SIOMOY ‘KJISOISIA
(€10T “Te 10 nuesr) pasearout A)Iproe pue ASudSuLISY e 65—S¥S SI)s9 Te10], OV 0T <~ 9F'CL <~ 9F' €T < 9¥'CI (pa1) ootuer3y
66  SOUOIOB[ pUE SAUOJAY [EI0L,
6L SpIoe [e10],
66 S[OYOO[E 1Y3IY [210],
(€10T “Ie 30 LIONSI'T) xBUe 06 SI19)s9 Te10], 61'0—¢l (pox) odtuer3y
66  SOUOIOR[ PUB SOUOIAY [BIO],
86 SpIoe [e10],
pasearour uondeorad Lproy e 66 s[oyoo[e JoyS1y [e10,
PISLAIIIP SSOUIPOMS PUE ‘Apoq “OISelIJE '
(610T “Te 10 LonsIY) ‘Jopo ‘eouereadde ‘Kqiqeidoode [[e1oAQ e 66 $I19)S9 [B10], €057l (anym) eurySuereq ao
(%)
S9SSO[ a3rvIoAL
porewnsg spunodwod ewory
SQOURIAJY S9INQLIE AIOSUDS UO SIOYJH SO[IJB[OA UO S101Jg (A/A%) PUQ «—11e)s :o8uel [ouRy) oumm jo adK, pasn poylo|N

(ponunuoo) | sjqey

pringer

As



Food and Bioprocess Technology

su  sproudrdostiou-¢ 1) [e10],
or souadiojouou [eJo],
L1 SOUOJOR] [BI0L
(44 S[OYOOE 1YY [e10],
143 SI1)s9 Te10L, SEI <691
61  sprouaidostiou-¢1D) [eI0L
12 sauadiajouou eI,
1 SOUO)OR] [2I0],
oy S[OYOOE 1Y31Y [210],
Kduagurnse pue Ky1suop L SINSI [BIOL SO —S9] 1SOAIRE] Je]
BWOIE [[BISAO pue ‘snoadeqay ‘roddod
yor[q ‘ounid/uIsTer YInIj YIep ur 9Sea1oo(J e su  sprouadostou-1) [E10L
KYIpIoE Ul 9seaIou] @ 6¢ souadiojouour [eJo],
euiore cc SOU0JOR[ [RI0],
winyd pue ‘Teroy ‘0AT[o udaIS ‘spuowye
/&nnu iy par ‘smdA[eon uo “s'u e 34 S[0Yod[e JoY31Y [e10], (Surmoq
(987107 “Te 32 0Suo) SOUIM 921U} [Te Uf 0€ SI19)$9 [BI0], SOT<S€T JSOATRY O[PPIA|  Jolje SYIUOW /) Pl ZBIIYS
rwole £119q pue d[dde usaI3 ur asLAINIJ @
BwIOIR
wny1ad jooms ‘[eIOp ‘BuBURQ ‘9SOI ‘SSBIT Tyl<91 ZeIs
‘u0a13 ‘deos 900ms )Inuy proe ANy uo s'U @ (0%:09) pu9Iq
(q ‘6107 “Te 10 Weyd) SouIM ) oq Uy ogoid o[me[0A UO ‘S'U 1< 9] uouSIAneS JouIeqe)) ZEIS
Ty <91
238941
¢ eer—ovl
JOARY 9JR[000YD puE JInij Sp—=~ proe oroueing ) ]
pauIp ‘Apoq auIm Ul ISBIIOJP Ioulll y/ e 0E =~ qreour1d0 [ANg el ssl
(0T0T B610T “'T& 10 Weyd) Ayisuoyul [[e10A0 94} UO 193JJ2 ON @ 0C—§ SO[IE[OA [8I0], Syl L1  (por) uouSianes jouIqE) JOIN/AO/dA-0d
6¢ SOUOJAY [BI0],
w sprouadia) [e10],
91 sopAype [e10],
d)se11)Je ul o3uryd JULOYIUSIS ON @ L s[oyoo[e JayS1y [e10],
Apoq auim pue
(g0 “Te10 1) ‘Ayund ewore ‘A)ISUSIUT BWOIE UL ISEAII(] @ T S19)S9 [B10], G1°'9 01 dn paroway AIYM RIS
I S[oyod[e 10y31y [EI0],
(810 “Te 10 9110¥) xeue 99 SI19)s3 Te10], 9l <61 pareloqreq
L1 SpIoe [e10],
¥9 S[OYOO[E 1YTIY [€10],
(L10T ““Te 10 BNOA) LU e ¥ SI10JS9 [B10], S—9p] par eroqreqg
(%)
S9SSO[ a3rvIoAL
porewnsg spunodwod ewory
SQOURIAJY S9INQLIE AIOSUDS UO SIOYJH SO[IJB[OA UO S101Jg (A/A%) PUQ «—11e)s :o3ueI [oURy) oumm jo odK[, pasn poyIo|N

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



Food and Bioprocess Technology

(A ‘SISOWSO ISIAAI QY ‘UWN[0d duod Suruurds HH S 1010LIU0D dUBIqUISW,/UONIRNSId SATILIOdRAS-SISOWSO ISISAAI D/JT-OY 2Sueyd JuedyIuSIS JoU 'S°U ‘S[qR[IBAR JOU BIRD 4 DU pUaSo]

uonjerodearad A4 ‘UONEINSIP ONOWSO (7O ‘UONB[[ISIP WNNORA

pringer

cl SOU0IOR] [210], w»
Ly SPIOE [e10], @_
14! S[OYOOE 1Y31Y [e10],
61  sprouaidostiou-¢1D [eI0],
9T SQUAZURQ [eI0],
€ o1adia) [e1o],
L8 S[0Yod[e 99 [BIOL
(€£20T “"Te 19 $aSI[Y OLI0SQ) sBUe 9 SI191$3 [e10], S0—t1 11 9so1 of[iuerdway,
yoeoxdde proysaiyy uonoafar rownsuod
A} 0) SuIp109E ‘A[ANAdSAI ‘A/A %)L
PUR A/A %87 ORI SUONBIUIDUOD
[OURY)D JI9Y} UAYM S[IAJ] S[qelIsapun
yoral sauim Yelkg pue Keuuopiey) e
SSQ[ $OJSB) pUE BWOIR Cle=SL—=S¢l eIk
(220T “'Te 19 Ko1jjon) QSUQIUI OU SMOYS %G YIIM JUIM UBIAS e LBu 818 L8¢€l Keuuoprey)
Q)SB1I9)Je APOOM UL 'S'U @
Ayproe pue
“PUWOTR PAZIPIXO ‘BWOIR IYOWS PIseaIou] e
ssomoy pue ‘KousSurnse SO[TIB[OA
‘IOAR]J JINIJ ‘BWOIE JINIJ Ul PISLAIII(] @ T UOT)BIUQULISY [2I0], CO—T¥I 9S9A0ISURS JOPISA ]
Q)se1I9)ye Apoom pue KouoSulnse ur 's'u e
Ayproe pue
“PUWOTR PIZIPIXO ‘BWOIR IYOWS PIsLAIoU] e
ssaujoy S9[IIB[OA
(2207 “Te 19 ISI3Ng)  PUE ‘JOARY JINIJ ‘BUWIOTL JINIJ UI PISBIIOI(] ® s'u UOT)BJUSULISY [2I0], €0<—T1°SI 9soAoISuES ZeIyS
UOesuds [oJyInow joy
(107 ‘uuewASH 29 Sury) pue A)ISUSIUT BWOIE [[EIIAO UT ISLAII(] ® <BU G TT-9V1)<—6¥1 (9ym) Keuuoprey) 208
T8¢ SPISE [e10]
21SE) PUE [[OWS 19)19q [IIM JUIM 3 s[oyod[e 1y31y [eio],
(020T “Te 12 UNS) Suronpouid ‘ewore 3Inij Jo uonuI Y3IH e 66 SI91S3 [B10], S0<—GSTI (pan)uouSiAnes jouIqe) Ad
s'u  sprouardostiou-¢1 ) [eI0],
KouoSurnse 0S souadivjouow [8)0],
pue ‘Kyisudur ewore [[erAo ‘Jeddod Ie $OU0IOR] [RI0L,
yor[q ‘Qunid/ursier ‘)nij pal up 9SeAIdI( ©
K)IpIoR pue ‘ewore payood ‘IInij yrep 9¢ S[OYOd[E 1YBIY [e10],
‘feroy ‘1oded uoa13 ‘smdAeond uo 's'u e ¢ $19)S9 [B10], SOl<¢€I JOpIOA 1MRd
7S sprouaidostiou-¢ D [eI10],
d)se) ssouIeNIq ‘KIsudp 9¢ souadiojouow [8JO],
BUIOIL [[BIOAO ‘[RIOY ‘SN020RQIdY JodLide su SOU0IOT] [R10L,
/yoead ‘Key ‘g reordon ur 9seAI0R(T @
ANpIoe pue ‘ewore 6€ s[oyooe Ioy3Iy [e10],
(e810T “'1e 32 03uoT) sxead/ordde ‘snno ‘“Annu/A1ennq uo s'u e 19 $I19)S9 [B10], 6<—G¢I 1S9AIRH e PaI OY[OPIA
(%)
S9SSO[ a3rIoAL
parewnsg spunodwod ewory
SOOUAIRYY S9INQLIIEL AIOSUDS UO $199JJH SO[IR[OA UO S)0JH (A/A%) pud «—11e3s :95ues joueypy oum jo odK[, pasn poylo|N

(ponunuod) | sjqey



Food and Bioprocess Technology

96% in white, rosé, and red wines respectively. Wine dealco-
holized by VD had a higher loss of esters compared to RO,
possibly due to the evaporation and condensation processes
inherent to VD distillation. Apart from that, the concentra-
tion of total alcohol was decreased by 84, 85, and 95% in
VD-treated and 753, 58, and 68% in RO-treated red, rosé, and
white wines, respectively. The loss of total organic acid con-
centration in red, rosé, and white wines was 91, 89, and 85%
for VD treated and 76, 91, and 73% for RO-treated wine,
respectively. Similarly, a decrease in volatile compounds was
observed in Tempranillo rosé wine subsequent to the appli-
cation of ethanol removal to attain a level of 0.03% v/v etha-
nol using SCC (Osorio Alises et al., 2023). RO membrane
has small-sized pores (typically between 0.0001 and 0.001
microns) and a high molecular weight cutoff (MWCO) value
that helps retain low molecular weight molecules, which
may explain why it retains more volatile compounds than
VD. However, this may cause critical membrane fouling and
increase energy consumption (Banvolgyi et al., 2016). In
addition, higher temperatures (35 °C) used in VD might have
contributed to a higher loss of volatile compounds as it can
accelerate thermal degradation and evaporation of volatile
and other wine constituents.

Lisanti et al. (2013) partially dealcoholized two red wines
made from Aglianico grapes varieties having different ini-
tial amounts of alcohol (15.46% and 13.81%) by two, three,
and 5% ethanol strength using OD. The decrease in total
aromatic alcohol concentration varied from 15.5 to 35%
and 19-45% for wine having the initial amount of alcohol
15.46%, and 13.81%, respectively. At all stages of dealcohol-
ization, 2-phenylethylethanol was the only alcohol in both
wines that did not deplete, which is responsible for a pleas-
ant aromatic note of rose. Furthermore, the decrease in total
ester concentration in wine having initial amounts of alco-
hol 15.46% and 13.81% with different amounts of ethanol
removal varied from 54.5 to 59% and 49-62%, respectively.
At all stages of dealcoholization, ethyl vanillate (aroma of
vanilla) does not change in both wines. A drastic decrease in
the total aromatic alcohol concentration, especially 2-phe-
nylethanol, was attributed to weaker n—r stacking triggered
(due to solvent effects, hydrogen bonding competition, and
solubility effects) by the reduction in ethanol concentration
(7% viv ethanol) of the wine (Longo et al., 2017). In a recent
study, Ju et al. (2023) produced a Muscat white wine with
6% v/v ethanol content through meticulous fermentation
control and distillation. The distilled wine exhibited notable
reductions in various total volatile compounds, including
total alcohols (—7%), total esters (—24%), total aldehydes
(—16%), and total terpenoids (—42%). Furthermore, Esteras-
Saz et al. (2023) mentioned that the behavior of each volatile
compound and chemical families during OD is adequately
correlated with their Henry-s constant (H') values, where
high H' values indicate great water solubility and lower loss.

@ Springer

Moreover, Russo et al. (2019) studied the effect of
dealcoholization on the volatile profile of Montepulciano
d’Abruzzo red wine. The wine was partially dealcoholized
from 13.23 to 5.41% v/v ethanol by OD. The results showed
that the concentration of acids (23%), esters (19%), lactones
(7-25%), and total alcohols (2%) decreased with ethanol
removal. The removal of ethanol by 2, 3, and 4% v/v etha-
nol from a Verdicchio white wine by OD resulted in a loss
of the volatile compounds such as esters (40-54%), terpe-
nes (21-28%), total alcohols (9—26%), and acids (8—-16%)
(Fedrizzi et al., 2014). Additionally, a dealcoholized wine
with 5% v/v ethanol produced from Barbera red wine (14.6%
v/v ethanol), using OD, led to a decrease in total alcohol
(64%), ester (24%), and acid (17%) concentration (Motta
et al., 2017), whereas after removing 2% v/v ethanol from
Barbera red wine (15.4% v/v ethanol) led to a decrease in
total alcohol (11%) and esters (66%) (Rolle et al., 2018).
Acids exhibited lower loss than alcohols and esters due to
their higher Henry’s constant in comparison to esters and
alcohols (Esteras-Saz et al., 2023).

A dealcoholized wine with 0.5% v/v ethanol produced
from Cabernet sauvignon red wine (12.5% v/v ethanol), using
PV, led to a decrease in total alcohol (39.5%), ester (99%), and
acid (28.2%) concentration (Sun et al., 2020). Shiraz red wine
produced from the middle harvest and late harvest showed a
decrease in total alcohols (22-41%), total easter (30-47%),
total lactones (17-33%), and total monoterpenes (10-29%)
after removing ethanol by 3 to 6% v/v ethanol using RO-MC
(Longo et al., 2018b). Similarly, late-harvest Verdelho and
Petit Verdot red wines showed a significant change in volatile
profile after removing ethanol by 4.5% v/v ethanol and 2.5%
v/v ethanol, respectively (Longo et al., 2018a). The authors
further mentioned that the significant loss of ethyl esters can
be primarily attributed to their highly hydrophobic nature.
This characteristic makes them prone to diffuse through the
air gaps in the pore structure of the polypropylene mem-
brane contactor, as well as their high volatility, which further
facilitates their movement. Consequently, these ethyl esters
condense into the stripping solution, leading to their loss.
Additionally, a 2-3% loss can occur due to their absorption
onto the surface of the membrane (Diban et al., 2008). The
different losses noted throughout the wine’s dealcoholization
can be associated with the various vapor pressure values of the
process (Sam et al., 2021a, b). According to above explained
results, commenting on the best technique to use for dealco-
holization is challenging due to the fact that all the techniques
result in a higher loss of volatile compounds when there is a
significant removal of ethanol. These findings suggest that,
despite improvements in the production of low-alcohol wine,
more work is required (such as a change in the physico-chem-
ical characteristics of the aroma and its interaction with other
components during the process) to maintain acceptable wine
composition for larger ethanol reductions.
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Impact of Dealcoholization on the Sensory
Profile of the Wine

Ethanol removal from wine can cause sensory changes due
to a significant drop in volatile compounds, particularly
esters and terpenes, as well as the impact that ethanol has
on sensory characteristics (Fedrizzi et al., 2014; Meillon
et al., 2010). Furthermore, removing ethanol from wine
may facilitate the binding of aroma compounds to proteina-
ceous substances, reducing their volatility and significantly
impacting the finished wines sensory characteristics (Longo
et al., 2017). The re-addition of the volatile fraction can
result in making the final product organoleptically desir-
able. The amount of re-addition of the volatile compound
depends on the type of wine and its needs to be addressed
in the future. Table 1 summarizes the most recent findings
regarding the sensory changes that occur in wines follow-
ing the alcohol reduction, highlighting differences between
original and dealcoholized wines based on the sensory char-
acteristics, including color intensity, sweetness, fruity/floral
notes, acidity, bitterness, astringency, wine body (viscosity),
red fruit notes, spices, and overall acceptability. Wine deal-
coholized by RO, VD, and OD to < 1% v/v ethanol resulted
in a decrease in overall acceptability, sweetness, fruity/floral
notes, wine body (viscosity), red fruit notes, and spices and
increased in acidity, astringency, and color intensity com-
pared to original wine (Liguori et al., 2019; Ma et al., 2022;
Sam et al., 2021a). The decrease in above-mentioned sensory
parameters was due to a higher loss of volatile compounds
during the dealcoholization process, while the increase in
acidity and astringency perception parameters was due to
changes in pH, total acidity, and masking effect of the sweet-
ening, softening, and harmonizing notes of ethanol. The loss
of total esters around 85% during alcohol reduction (from
13.23 to 2.67%v/v) by OD in Montepulciano d’Abruzzo red
wine resulted in a decrease of red fruits olfactory notes;
furthermore, the sensation of acidity increased significantly
(Corona et al., 2019). For most of the wines discussed above
(dealcoholized by RO, VD, and OD), the vastly decreased
olfactory qualities were “Fruity & Floral” and “Red fruits,”
and both descriptors are particularly crucial for the ultimate
sensory quality of wines. After the removal of ethanol con-
centration by 1-3%, white wine showed minor changes in
overall taste and flavor; further removal of ethanol by 5-6%
showed a significant difference in sensory characteristics
compared to the original wine. A partial dealcoholization
(ethanol removal of 2-4% v/v) of Verdicchio red wine using
OD led to a decrease in wine body, persistency, and honey
attributes (Fedrizzi et al., 2014). Recently, Ju et al. (2023)
found that distilled Muscat wine (6.15% v/v ethanol) had
less body, aroma intensity, and aroma purity compared to
the Muscat wine produced through controlled fermentation

during alcoholic fermentation. Cabernet Sauvignon red
wines that were partially dealcoholized (1-2% v/v ethanol)
by RO-EP showed a non-significant change in sensory pro-
file (Pham et al., 2019a, b).

Geffroy et al. (2022) conducted a study using SSC to
remove ethanol in Chardonnay and Syrah wines. The results
of the study showed that Chardonnay and Syrah wines
become undesirable when their ethanol concentrations reach
2.8% v/v ethanol and 7.0% v/v ethanol, respectively, accord-
ing to the consumer rejection threshold approach. King and
Heymann (2014) observed an overall reduction in aroma
intensity and hot mouthfeel perception after the removal of
ethanol from 14.9 to 12.9% v/v ethanol in Chardonnay wine
by SCC. Shiraz Sangiovese (15.1% v/v ethanol) and Petit
Verdot Sangiovese (14.2% v/v ethanol) red wines exhibited
a reduction in fruit aroma, fruit flavor, and hotness, along
with an increase in smoky, oxidized aroma, and acidity lev-
els following the reduction of ethanol to 0.3% using SCC
(Puglisi et al., 2022). These parameters could have been
affected by variations in the composition of the phenolic
matrix, non-volatiles in wines, the operating vacuum pres-
sure, and temperature during the process, particularly its
phenolic content, as the results of the following studies.
Muiioz-Gonzalez et al. (2014, 2015) have shown that pheno-
lics can alter the perception of aroma in red wines. The fol-
lowing explained studies have shown that, when compared
to the original wines, reduced-alcohol wines usually have
poor sensory qualities, including a lack of wine body, flavor
imbalance, diminished heat perception, bitterness, increased
astringency, and excessive acidity.

Consumer Acceptance and Health Benefits
of Low- and Zero-Alcohol Wines

Low- and zero-alcohol wines have become increasingly pop-
ular in recent years due to changing consumer acceptance
and in relation to specific social-health benefits perceived
(Bucher et al., 2018; Deroover et al., 2021). Table 2 provides
an overview of the reviewed publications focusing on con-
sumers’ perceptions and behavior toward wines with reduced
alcohol content. The innovation in the production process
led to improvement in the production quality of low- and
zero-alcohol wines. However, there is no systematic study
of markets which give more preference to low- and zero-
alcohol wines. According to an online survey conducted on
851 adult Australian wine consumers, approximately 16% of
the participants expressed relative acceptance of low-alcohol
wine. However, a significant 40% of the respondents stated
that they would be willing to purchase a low-alcohol wine,
if it possessed the same taste as standard wine (Saliba et al.,
2013). Bucher et al. (2020) examined consumer perception
and behavior toward Sauvignon Blanc wine with low alcohol

@ Springer
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Table 2 (continued)

18

content in 90 Australian consumers. The findings revealed
that only 8% of participants expressed a strong desire to cut
back on their alcohol use. Both (standard and low-alcohol)
wines received high acceptance ratings during the evalua-
tions, but for low-alcohol wines, participants were willing to
pay less. In a recent study conducted by Shaw et al. (2023)
among 637 Australian residents, it was found that 39% of
the participants had tried no-alcohol wine, while 44% had
tried low-alcohol wine. The authors emphasized that from
a functional standpoint, the overall quality of the product is
of utmost importance to all consumers.

Anderson and Kokole (2022) examined the purchasing
behavior of lower-strength alcohol wine within 18,954 Span-
ish households and showed a subgroup of 1271 households
that newly started purchasing no-alcohol wine. The introduc-
tion of no-alcohol wine was associated with a significant
decrease in the purchases of all other wines. Furthermore,
the households’ overall alcohol consumption was reduced by
an average of 8.2 g per adult per household per day of pur-
chase following the initiation of no-alcohol wine purchases.
Rehm et al. (2023) mentioned based on adult alcohol per
capita consumption data from the World Health Organiza-
tion that the amount of wine substituted with no alcohol rose
by 41.8 mL per adult per British household per year and by
45.7 mL per adult per Spanish household per year.

Chan et al. (2012) conducted a religion-based (100 Mus-
lim and 100 non-Muslim respondents) study in Malaysia to
know the consumer perception toward dealcoholized wine.
The findings revealed that 8.5% of participants had con-
sumed dealcoholized wine, and 22% were already aware of
it. Among the respondents, 13% who identified as Muslim
and 32% who identified as non-Muslim expressed their will-
ingness to consume dealcoholized wine under the condition
that it tastes and costs the same as regular wine. The major-
ity of respondents said they would not drink dealcoholized
wine because it is not halal (42.5%), more expensive (23%),
and bad mouthfeel (12%), or because most people do not
know what it is (45.5%). According to a consumer survey
(conducted at shopping malls, specialty stores, and super-
markets) of 330 individuals in Apulia, Italy, just 10% of
consumers were willing to buy dealcoholized wine (Stasi
et al., 2014). The authors noted that people are not willing
to purchase dealcoholized wine due to a lack of understand-
ing and higher product pricing when compared to standard
wines (Stasi et al., 2014). Additionally, Yoo et al. (2013)
showed that Koreans were more likely to choose wine based
on health-enhancement properties compared to Australians.

Recently, Filter and Pentz (2023) conducted a question-
naire-based survey of 626 South African Generation Y
consumers (born between 1980 and 2000) to explore their
purchase criteria for dealcoholized wine. The findings
revealed that the essential criteria while purchasing deal-
coholized wines were “Taste,” “Price,” and “I have tried it

(Masson & Aurier, 2017)
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before.” Reduced- and low-alcohol wines offer a favorable
option for those who want to enjoy the taste of wine with-
out the adverse effects of alcohol. Similarly, Bucher et al.
(2019) mentioned that the acceptability of low-alcohol
wine depends on taste, price, cultural differences, mar-
keting, and labeling. Many consumers also appreciate the
convenience of being able to drink without worrying about
the impact of alcohol, such as impaired judgment or a
hangover, driving after alcohol, and lessening the adverse
effect of alcohol (Anderson et al., 2021). Some consum-
ers may also choose zero-alcohol wine for religious or
cultural reasons (Haseeb et al., 2017). Masson and Aurier
(2015) observed that wines with less alcohol are less likely
to be considered “wine,” whether they’re evaluated under
sensory or non-sensory conditions. The average typicality
judgments decrease (on a 10-point scale) as the alcohol
content decreases: 2.9 for a wine with 9% alcohol, 1.7 for
a wine with 6% alcohol, and 1 for a wine with 0.2% alco-
hol under sensory conditions. Further, Masson and Aurier
(2017) conducted an experimental study on 66 regular red
wine consumers to investigate the impact of low-alcohol
wine on the volume consumed. They examined both the
cognitive effect of a low-alcohol label (non-sensory effect)
and the physiological effect of consuming low-alcohol
wine (sensory effect). This research stands out by employ-
ing behavioral measures instead of self-reporting and by
studying wine consumption in a home setting. The find-
ings indicated that the volume consumed of lower alco-
hol wine did not significantly differ from that of standard
wine, regardless of whether non-sensory information was
provided or not. Therefore, an indication of lower alcohol
content did not negatively affect wine consumption.

In terms of health benefits, dealcoholized and zero-alcohol
wines may offer several advantages over traditional/standard
wines. The consumption of excessive amounts of alcohol
has been associated with cardiovascular problems such as
cardiomyopathy, hypertension, coronary artery disease, and
stroke (Hay et al., 2023; Lucas et al., 2005). According to the
most recent WHO report, the consumption of alcohol caused 3
million deaths worldwide in 2016 (World Health Organization,
2018). On the other hand, recent research reveals that moderate
alcohol use may provide some cardioprotection, especially
against coronary heart disease and ischemia—reperfusion
injury (Hoek et al., 2022). In addition, zero-alcohol wine
consumption may be beneficial, particularly for pregnant
women and those with underlying medical problems (Okaru
& Lachenmeier, 2022). Table 3 provides an overview of the
reviewed publications on the health benefits of low- and zero-
alcohol wine.

Barden et al. (2018) found that dealcoholized red wine
did not affect any specialized pro-resolving mediators of
inflammation (SPMs) measured when compared to standard
red wine and water. The plasma levels of 18-hydroxy

eicosapentaenoic acid (18-HEPE), E-series resolvins,
17-hydroxy docosahexaenoic acid (17-HDHA), or D-series
resolvins in patients with type 2 diabetes did not change
substantially after consuming dealcoholized red wine.
Noguer et al. (2012) remarked that alcohol-free red wine
with a sufficient level of phenolic could be a good source of
antioxidants to protect humans from oxidative stress (cancer,
diabetes, Alzheimer, etc.). Also, the wine’s antioxidant and
cardioprotective characteristics remained unchanged when its
alcohol concentration was reduced from 12 to 6% (Lamont
et al., 2012). Chiva-Blanch et al. (2012) involving 73 men
demonstrated that diastolic and systolic blood pressure
significantly decreased after consuming dealcoholized red
wine for four weeks, which was associated with an increase
in plasma nitric oxide levels. In a further study, Chiva-Blanch
et al. (2013) demonstrated that a moderate intake of red wine
(equivalent to 30 g of alcohol per day), as well as consumption
of dealcoholized red wine, led to a reduction in a homeostasis
model assessment of insulin resistance (HOMA-IR) values
and plasma insulin levels after a 4-week period involving
67 men who were at a high risk of cardiovascular issues.
These findings imply that the favorable outcomes might be
attributed to the presence of antioxidant compounds in red
wine, with alcohol playing a less crucial role in achieving
these effects. Similarly, Blalock et al. (2022) highlighted that
the consumption of wine with low alcohol content and making
even slight reductions in alcohol intake can result in lowered
systolic blood pressure. Moreover, substantial decreases in
alcohol consumption have been connected to reduced rates
of morbidity and mortality (Blalock et al., 2022). One study
was conducted on the antidiabetic effects of Portuguese red
wine in vitro by Xia et al. (2017). The results showed that
dealcoholized red wine had strong inhibitory effects on the
a-glucosidase, which catalyzes the cleavage of glucose from
disaccharide, and a-amylase, which breaks down long-chain
carbohydrates, respectively. The major molecules responsible
for these effects were monomeric and oligomeric flavan-
3-ol compounds (Xia et al., 2017). Similarly, Mihailovic-
Stanojevic et al. (2016) mention that alcohol-free red wine can
boost antioxidant efficiency and lessen plasma’s susceptibility
to lipid peroxidation in spontaneously hypertensive rats
(in vivo). The concentration of phenolics did not change
significantly during alcohol removal from standard wine,
and these polyphenols have favorable impacts on human
health, including anti-inflammatory, anticarcinogenic, and
cardioprotective effects (Buljeta et al., 2023; Vacca et al.,
2023) Recently, Anderson et al. (2023) mentioned that as
such, no safe amount of alcohol consumption for cancer
and health can be established. The potential risk of cancer
and other illnesses linked to alcohol usage should be clearly
disclosed to consumers. In response to the growing demand
for low- and zero-alcohol content wine, it is evident that
consumers are increasingly interested in these products.
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However, additional promotional and educational endeavors
might be necessary to raise consumer awareness about the
availability and advantages of these products. Further research
is needed to determine the safe levels of consumption for
reduced- and zero-alcohol content wine.

Challenges and Future Work

The several intriguing avenues for future research emerge.
One of the foremost challenges lies in the delicate balance
between reducing alcohol content while preserving the intri-
cate aroma and flavor compounds that contribute to the sen-
sory characteristics of wine. As research advances, innovative
strategies must be developed to ensure that dealcoholization
methods not only achieve the desired alcohol reduction but
also safeguard the unique characteristics that distinguish dif-
ferent wine varietals/cultivars. Another challenge pertains to
the impact of dealcoholization on wine maturation. The aging
process of wine involves complex chemical reactions that
contribute to its overall quality as well as stability, and under-
standing how different dealcoholization techniques influence
these maturation processes is a vital area for further explora-
tion. So, investigations into the long-term stability and aging
potential of dealcoholized wines, coupled with advanced ana-
lytical techniques, could shed light on the complex chemical
changes occurring over time. Additional investigations are
needed to address the intricacies of consumer perception and
acceptance, examining the perceptual thresholds that influ-
ence preferences and the role of contextual factors in shaping
consumer attitudes toward dealcoholized wines. Finally, the
potential health benefits, especially in terms of low-calorie
intake and alcohol-related health risks, need continued inves-
tigation through well-designed clinical studies.

In addition, the modeling approach needs to be introduced
in future studies to comprehend the kinetic phenomena
related to the removal of ethanol and volatile compounds
through various methods and at different time intervals dur-
ing ethanol reduction. Collectively, these future research
directions hold the promise of not only advancing scientific
understanding but also influencing industry practices and
consumer choices in the evolving landscape of dealcoholized
wine consumption.

Conclusion

In conclusion, our review has provided a comprehensive anal-
ysis of existing research in the field. Majority of studies have
traditionally centered on examining the differences in initial
and final changes in wine characteristics. This review dis-
cusses the variations in color, pH, acidity, SO, levels, volatile
compounds, and sensory attributes across a range of ethanol

concentrations. Overall, with the removal of ethanol content
of wine by a few percentages between 1 and 4% v/v ethanol,
dealcoholized wines are able to retain a substantial amount of
phenolics, volatile compounds, and sensory attributes. Fur-
thermore, the taste of the product is typically almost identical
to that of wine. Besides, dealcoholized wine with ethanol
content below 3% v/v ethanol showed more than 90% loss in
volatile compounds and was poor in terms of sensory quality.
In addition, low-alcohol and alcohol-free wine could be an
excellent source of antioxidants to protect people suffering
from oxidative stress, such as cancer, diabetes, and Alzhei-
mer, who should not consume alcohol, but further education
about such innovations is needed from the industry.
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tary material available at https://doi.org/10.1007/s11947-024-03336-w.
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