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KEYWORDS Abstract: Production of low-alcohol fruit wines can be a viable alternative for using different
Alcoholic fruit species, besides offering healthier options to consumers. Thus, this work aimed to survey
fermentation; scientific articles and patent documents regarding the production of low-alcohol fruit wines.
Innovation; The search for articles was performed on the Scopus platform, whereas the patent search was
Non-Saccharomyces; performed on Espacenet®. Both searches were performed using the combination of the words
Technological “low-alcohol” AND “fruit” AND “wine”, which showed 404 articles and 420 patents, respectively.
prospection. However, only 52 and 101 documents were selected for formal analysis, respectively. The

annual evolution of articles and patents shows an increase in interest in this research area,
with 28 articles and 30 patents published since 2018. The bibliometric analysis showed that
most articles are published in the Agriculture and Biological Sciences research area. China
stood out as the leading affiliation country of the article’s authors (n = 20) and with the most
significant number of patents (n = 87). The use of non-Saccharomyces yeast strains appears as
the primary emergent technology, as well as the utilization of nonconventional fruit for the
fermentation, such as sea buckthorn, pomegranate, and blackberry. It was possible to note
a more expressive growth in the production of low-alcohol wines in the past decades, which
shows that this technology has become more promising for the exploitation and valorization of
fruits, especially native and exotic ones.
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Introduction

Over the years, world fruit production has shown continual
growth. According to the Food and Agriculture Organization
of the United Nations (FAO), between 2000 and 2019,
this production increased by 54% (Food and Agriculture
Organization of the United Nations, 2021). China leads the
world ranking of fruit-producing countries, with a production
of more than 250 thousand tons in 2021, followed by India,
with a production of more than 100 thousand tons, and Brazil
with a production of almost 40 thousand tons (Shahbandeh,
2021). Given this scenario, it is possible to note that there
is a large market for fruit processing and development of
new products, where the use of fermentation processes can
contribute to the diversification of products obtained from
fruits, thereby promoting the preservation of their species
and increasing their added value.

For the preparation of an alcoholic fermented product, it
is possible to use many different fruit species, thus resulting
in a wide variety of products with different chemical and
sensory characteristics. From a technological point of view,
the main condition for alcoholic fermentation to occur is
related to the amount of sugar present in the fruit. This
sugar generates ethanol during the fermentation process,
which is caused by the metabolism of yeasts. However, the
chemical composition of each fruit depends on its species
and maturation stage, among other factors that also directly
affect ethanol production (Boeira et al., 2020). The most
commercially known fruit fermentation products are wine and
cider, which are made from grapes and apples, respectively.
Moreover, since the utilization of nonconventional fruits
for the production of wines is still incipient, using these
fruits as a source of raw materials may add value to them,
especially because of their chemical composition and their
potential benefits to human health (Lopes et al., 2019).
Although the consumption of alcoholic beverages is common
worldwide and is influenced by several socioeconomic and
cultural factors, in recent years there has been an increase
in consumer interest in beverages with low alcohol content
and/or with no alcohol at all (zero alcohol) (Liguori et al.,
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2018). This is due to several factors, including concern about
the harm that is caused to human health by high consumption
of ethanol besides issues related to specific conditions, such
as cardiovascular disease, obesity, religion, and pregnancy,
among others (Fuchs & Fuchs, 2021).

The present work sought to investigate the scientific
literature published in the low-alcohol fruit wines niche
through a bibliometric analysis to comprehend the scenario
of the proposed subject and guide the development of new
products and technologies in the sector. Through bibliometrics
it is possible to identify the research tendencies, the
knowledge gaps, the state of the art, and the research areas
besides the principal authors, countries, and institutions.
Moreover, this study also realized a prospective analysis
of the technological sector of the low-alcohol fruit wine
industry production through information collected from
patent documents.

Low-alcohol fruit wines

According to the International Wine and Spirit Research
(2022), the production of low-alcohol and zero-alcohol
beverages represents a 3.5% share of the entire beverage
industry. The market niche for this type of beverage showed
a growth rate of over 6% in consumption in 2021 in the
top 10 global markets (Australia, Brazil, Canada, France,
Germany, Japan, South Africa, Spain, United Kingdom, and
United States), reaching a market value of approximately
10 billion USD, with Germany and Spain leading the production
of these beverages.

In general, non-alcoholic fruit wines, also known as zero-
alcohol fruit wines, are those that contain less than 0.5%
alcohol in their composition. On the other hand, low-alcohol
fruit wines are typically those whose alcoholic strength is
between 1 and 7% (v/v) (Huang et al., 2022a). However,
there is still no global consensus on the use of the terms
“low-alcohol fermented beverage” or “low-alcohol fruit
wine”. Both of these terms are subject to variations in the
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regulations of different countries, some of which lack more
detailed information.

Moreover, it is possible to note that investigations into
low-alcohol fruit wine are focused on controlled fermentation
processes and on fermentation interruption, as well as on
beverage dealcoholization processes that use reverse osmosis,
evaporative osmosis, or vacuum distillation technologies.
Current studies have mainly investigated the use of different
fermentative yeasts in search of lower ethanol conversion
rates (Huang et al., 2022a). In addition, carrying out
spontaneous fermentations by using the microorganisms
naturally present in the must has been explored and proven
to be effective in the production of low-alcohol beverages.
Astrategy that is also widely used to produce low-alcohol fruit
wines is the use of fruit species that have low total soluble
solids content, with which the fermentation is performed
only with the sugars naturally present in the fruit and without
chaptalization of the must. This method results in low
alcoholic content, besides significantly reducing fermentation
time in comparison with the traditional production methods
(Yang et al., 2021).

Material and methods

For the bibliometric analysis, the data was collected in
June 2023 in Scopus through the advanced search limiting
the document type to research articles only and using
keywords and Boolean operators’ combination (“low-
alcohol” AND “fruit” AND “wine”) in all search fields. Four
hundred and four research articles were found and their
data were exported as a spreadsheet to Microsoft Office
Excel version 2019. The documents were then filtered after
their respective abstracts had been read. The presence of
the term “low-alcohol” in the title, abstract, or keywords
was established as the selection criterion, which resulted
in 52 documents to be analyzed. The data of the selected
articles were exported to the Bibliometrix (R language)
(Aria & Cuccurullo, 2017) to realize the bibliometric analysis
through the annual evolution of the publications, the
research areas, the main keywords, and the most influential
authors, journals, and countries.

The technological prospection was performed in June 2023,
and the search for patent documents was conducted in the
international database European Patent Office (Espacenet®),
which covers patents filed in over 90 countries. A survey of
the highest possible number of documents related to the
topic of interest on Espacenet® was performed using the
Advanced Search tool, where the same scientific search
terms were typed in the “title”, “abstract”, and “claims”
fields. The criteria used for selecting the patents were:
the presence of the words “low-alcohol” in any one of the
search fields and the mention of the alcoholic strength of the
beverages. The 420 documents found on Espacenet® were
exported as a spreadsheet to Microsoft Office Excel. After
the summaries and descriptions (when available) of all the
documents had been read, 312 of them were excluded from
the study because they either were duplicates or did not
meet the inclusion criteria, thus remaining 101 documents
at the end of the investigation.

Results and discussion
Annual evolution of articles and patents

The annual evolution of publications of scientific articles
and patents related to low-alcohol fruit wines is shown in
Figure 1. The main difference to be noted is the higher
number of patents in relation to the number of scientific
articles. Furthermore, while the first patent was published
in 1973, the first article on these subject dates from 1998.
This finding shows a hiatus of 25 years, during which only
six patent documents were published.

It is possible to note that the first two articles on the subject
are from the late 1990s (1998 and 1999), with a gradual increase
in publications from 2010 onwards. Figure 1 shows a significant
number of articles published in 2020 (n = 11), probably due to
the growing concern of the population in recent years, which
has led to the consumption of healthier beverages and thus
stimulated research on this subject. On the other hand, in
2021 the number of publications was smaller. This result can
be explained by the impacts of the COVID-19 pandemic on the
field of scientific production worldwide. As for the patents,
they also showed a significant increase from 2010 onwards,
which may be related to the advancement of technologies
used in the production of beverages, which has consequently
drawn the attention of many sectors of society regarding the
development and protection of technologies that involve low-
alcohol fruit beverages. In addition, the warning released by
the World Health Organization in 2010, through a resolution
that addressed global strategies to reduce excessive alcohol
consumption (World Health Organization, 2010), may have had
great influence on this increase. Nevertheless, the difference in
the number of patents compared to scientific publications may
be related to the fact that alcoholic fermentation technology is
already widespread in the beverage industry, which facilitates
the invention of new products in this field. On the other hand,
scientific research is mainly aimed at characterizing these
products and evaluating their potential health benefits, which
is a topic that has currently gained more and more attention.

Bibliometric analysis

Research areas, journals, affiliations, and authors
From the number of selected articles, it was observed that
the research with low-alcohol fruit wines is an increasing
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Figure 1. Annual evolution of scientific articles and patent
documents for low-alcohol fruit wines.
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area. Table 1 shows the ranking of the 10 main research
areas, journals, affiliations, and articles authors in low-
alcohol fruit wines.

From the 52 articles investigated, the vast majority
were published on the subject of Agriculture and Biological
Sciences (n = 45). The other related subjects were
Biochemistry, Genetics and Molecular Biology, Immunology
and Microbiology, and Chemistry. The journals that stood
out in publishing articles in the low-alcohol fruit wines field
were the International Journal of Food and Microbiology
and the European Food Research and Technology, with six
and five published articles, respectively. In ranking the ten
top affiliations, two universities from Spain and one from
Italy stood out. Those countries are among the principal
wine makers, responsible for more than half of the global
production (European Cider and Fruit Wine Association,
2022), encouraging those universities to seek innovations
in the alcoholic fermentation field. Curtin, Escudero-Lopez,
Fernandez-Pachdn, and Varela were the most productive
scientists in the area, all with four articles each.

Countries of origin of the publications

Figure 2 shows each country’s scientific production,
considering the affiliation country of all authors in each
article. It is noticed that European countries (Spain, Italy,
and Greece) stood out just as in the university’s affiliation.
Production and consumption of fruit fermented beverages is
part of the culture of many European countries, especially of
wine and cider (European Cider and Fruit Wine Association,
2022). This reflects the relevance of innovations in this
field, which has currently gained more global visibility and
importance. Furthermore, it is noteworthy that the results
obtained for China showed 20 affiliations on this subject.
China has stood out globally for its significant efforts in
leveraging the fields of science and technology through

~

high-impact reforms that reflect on the improvement of both
scientific research and higher education and, consequently,
of innovation, which plays an increasingly important role in
China’s economy (Freitas et al., 2022). Even though their
numbers of publications are less expressive, countries in
Oceania, such as Australia (n = 5) and New Zealand (n = 4),
and in South America, such as Chile (n = 3) and Argentina
(n = 3) have publications on the field of low-alcohol fruit
wines. This shows a trend that is already present worldwide
in this field of study in spite of it still being incipient.

Most used keywords in the research field

Table S1 (Supplementary material) shows the top
15 keywords used in the articles. The keywords analysis
shows the evolution and changes that occurred over time
in the research theme, which areas became obsolete, and
which areas gained more attention once the variation in the
research objectives may cause changes in the used keywords.

Figure 3 shows the thematic map regarding the 100 most
frequent authors’ keywords elaborated from the density
and centrality of those words in the field of low-alcohol
fruit wines. The superior left quadrant (niche themes)
presents two clusters, both with high density, showing that
those are topics well developed. The cluster with the words
“low-alcohol”, “nanofiltration”, and “juice oxidation”
displays a more prominent centrality, demonstrating a
higher relation with the other themes. In the inferior left
quadrant, the cluster with the word “sensory evaluation”
is in the emerging themes that can be considered topics
that have been approached more recently in the articles.
The words “Saccharomyces cerevisiae”, “glycerol”, “unripe
grape must”, “fermentation”, “alcohol”, and “cider” are
considered the motor themes since they showed high density
and centrality, are topics well developed that interact with
the other thematic areas. The basic themes quadrant, deemed
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Figure 2. Scientific articles published on low-alcohol fruit wines by country. CHN = China; ESP = Spain; ITA = Italy; GRC = Greece;
IND = India; AUS = Australia; FRA = France; CHL = Chile; NZL = New Zealand; ARG = Argentina.
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Table 1. Ranking of the 10 top research areas, journals, affiliations, and authors in the field low-alcohol fruit wines

Ranking Research area Number
15t Agricultural and Biological Sciences 45
224 Biochemistry, Genetics and Molecular Biology 12
Bl Immunology and Microbiology 11
4t Chemistry 10
5L Engineering 8
6t Chemical Engineering 6
74 Environmental Science 3
8t Health Professions 3
Gy Social Sciences 3
10t Medicine 2

Ranking Journals Number
15t International Journal of Food Microbiology 6
20 European Food Research and Technology 5
3d Fermentation 3
4th Food Research International 3
5t Foods 3
6 LWT - Food Science and Technology 3
7/ Australian Journal of Grape and Wine Research 2
i Indian Journal of Natural Products and Resources 2
9th Journal of Food Processing and Preservation 2
10t Modern Food Science and Technology 2

Ranking Affiliations Number
15t University Pablo de Olavide (Spain) 5
20 University de Valladolid (Spain) 4
Bl University of Padova (Italy) 4
4t Northwest A&F University (China) 3
5L The Australian Wine Research Institute (Australia) 3
68 Democritus University of Thrace (Greece) 2
7/ University of Horticulture and Forestry (India) 2
8el Gansu Agricultural University (China) 2
9th Guizhou University (China) 2
10t Hochschule Geisenheim University (Germany) 2

Ranking Authors Number
15t Curtin C. 4
72 Escudero-Lopez B. 4
B Fernandez-Pachon M. S 4
4th Varela C. 4
5t Cerrillo I. 3
6 Hernandez A. 3
7 Martin F. 3
8l Palacio L. 3
gth Pradanos P. 3
10t Barnes M. F 2
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Figure 3. Thematic map of the 100 most frequent authors’ keywords used in the articles of low-alcohol fruit wine.

essential to this research niche, includes the cluster with
the words “non-Saccharomyces”, “wine”, and “yeast” that
have high centrality and relevance for the theme, the cluster
with the words “physicochemical properties”, “antioxidant
activity”, and “volatile compounds” has high centrality and
density, demonstrating that the characterization of those

beverages is a relevant topic.

Most cited articles in the research field

The Table 2 shows the principal objective, fermentation
conditions, alcohol content, and the main results of the
ten most cited articles in the research area. As this is an
emerging technology, it is noticed that all the works used
grapes as the fruit for alcoholic fermentation, showing that
the research in this area initiated aiming the reduction of
the alcohol content of traditional wines. Whereas the higher
alcohol content is a desirable characteristic for some types of
wines, on the other hand, in some beverages, this negatively
impacts their quality, besides not being attractive to the
public searching for more healthful beverages. Furthermore,
in some countries, the taxes related to alcoholic beverages
are made according to their alcohol content (Varela et al.,
2015). As those are the most cited articles, it is possible to
conclude that those studies became a base for the elaboration
of articles that began to explore other fruits than the grape,
as shown in Table 3. Among the explored technologies to
produce low-alcohol fruit wines or with reduced alcohol
content, the utilization of non-Saccharomyces strains stood

out as the main objective of six of the ten most cited articles.
The non-Saccharomyces yeast strains are promising for the
elaboration of low-alcohol wine because the biosynthesis
of the metabolites of those yeasts uses other carbon fonts
besides the sugar, directly affecting the complexity, flavor,
and alcohol content of those beverages (Yang et al., 2021).
Works that explored different strategies and techniques using
the non-Saccharomyces yeasts reached a reduction of up
to 2% in the alcohol content. Other techniques that can be
applied in low-alcohol wine production are the utilization of
enzymes, nanofiltration, use of unripe grapes, and pruning,
or earliest harvest aiming a major control of the sugar
produced by the grapes.

Most recently articles

The Table 3 shows the main information of the most
recent articles (2021 to 2023) related to the production of
low-alcohol fruit wines. The utilization of a wide variation
of non-conventional fruits such as pomegranate, blackberry,
mango, lemon, sea buckthorn, pineapple, strawberry, and
recently pear and kiwi are noted. Those results demonstrate
the possibility of inserting new beverages into the market,
bringing innovation and diversity to consumers. Among the
main objectives of these works, the most common ones
address the quality of beverages, such as the evaluation of
potential benefits to human health, or the optimization of
production parameters aiming to improve nutritional and
sensory composition, which may be linked to changes in the
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Table 2. Main information about the elaboration of low-alcohol wines from the ten most cited articles

Fermentation

Alcohol content

Fruit Purpose conditions %) Main results Reference
Grape Evaluation of 48 T: 22 °C 5.6 -12.8 The utilization (Contreras et al., 2015a)
non-Saccharomyces Agitation at of Torulaspora
yeast strains 200 rpm. delbrueckii e
submitted to " Zygosaccharomyces
limited aeration Add'tlorf .Of bailii strains, with
and sequential - Ferevrsrae low aeration in the
inoculation with Sha af_ter e beginning of the
Saccharomyces reducFlon i fermentation reduced
cerevisae for the sugar in 50%. the alcohol production
reduction of alcohol  Four different up to 2%
concentration in aeration
wine treatments with
5 mL/min and
10 mL/min.
Grape Evaluation of Must 11.45 - 14.10 For both wine types (Varela et al., 2016)
the volatile maceration at (Chardonnay and
flavor profile 0 °C for 24h. Shiraz), the M.
of Chardonnay s S pulcherrima strain
and Shiraz wines (0.2 um). showed the slowest
produced with fermentation kinetics;
Metschnikowia pH: 3.5. Fermentations with
pulcherrima and T: 22 °C. M. pulcherrima and
Saccharomyces Agitation at S. uvarum produced
uvarum in a 120 rpm. 1.7 - 1.8% less ethanol
sequential . than the fermentation
fermentation with Add'tw'? ,Of with S. cerevisiae; The
Saccharomyces = .cerewsrae combination of non-
.. strain after 50% .
cerevisiae conventional yeast
of sugar was ; .
consumed. strz.uns did not pr(?duce
high concentrations
of volatile compounds
that could negatively
impact the flavor of
wines.
Grape Evaluation of pH: 3.2. 13.13 - 14.81 Wines elaborated with (Varela et al., 2017)
sensory and T: 22 °C. M. pulcherrima and S.
volatile profile of . uvarum produced 1.0%
Merlot wine with MalOlaCt]_c and 1.7% less ethanol
reduced alcohol Fermeptatlon than the
content produced with S. cerevisiae strain;
in pilot-scale using OenocoFcus M. pulcherrima
Metschnikowia Ce produced higher
pulcherrima and concentrations of
Saccharomyces volatile compounds;
uvarum The fermentation with

M. pulcherrima/
S. cerevisiae
presented a sensory
profile similar to the
uninoculated wine,
showing high scores
for positive sensory
descriptors
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Table 2. Continued...

Fermentation

Alcohol content

Fruit Purpose conditions %) Main results Reference
Grape Evaluation of the T: 22 °C. 12.32 - 14.10 The native microflora (Contreras et al., 2015b)
impact of different pH: 3.5. from non-sterilized
inoculation regimes musts can affect
on the performance the M. pulcherrima
of Metschnikowia performance;
pulcherrima Sequential inoculation
during non- of M. pulcherrima
sterile sequential with S. cerevisiae, and
fermentation of the inoculation of
Shiraz wine with M. pulcherrima with
reduced ethanol S. uvarum reduced the
concentration alcohol content of the
Shiraz wine up to 1.8%
when compared to the
wines produced only
with S. cerevisiae
Grape Use nanofiltration 7.82-17.54 For both wines, the (Garcia-Martin et al., 2010)
to reduce sugar mix of control must
concentration of with filtered must
white and red musts reduced 2° of the
aiming to produce alcohol content and
low-alcohol content did not significantly
wines affect the sensorial
quality
Grape Evaluation of T: 25 °C. 2.66 - 9.09 Hanseniaspora (Gobbi et al., 2014)
the variability Nitrogen: 300 uvarum,
in the behavior mg/L. Zygosaccharomyces
and the ethanol sapae,
production of 33 Zygosaccharomyces
non-Saccharomyces bisporus, and
yeast strains during Zygosaccharomyces

fermentation

bailii strains
showed a significant
reduction of the
ethanol yield and
in the fermentation
efficiency in
comparison with
S. cerevisiae;
Candida zemplinina,
Candida stellata,
Saccharomycodes
ludwigii e Dekkera
bruxellensis strains
did not differ from
S. cerevisiae in
ethanol production
and fermentation
efficiency
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Table 2. Continued...

. Fermentation Alcohol content .
Fruit Purpose ... Main results Reference
conditions (%)
Grape Elaboration of T: 18 °C. 13.2-16.9 Wines mixed with (Kontoudakis et al., 2011)
a vinification Clarification: low-alcohol wines
process to reduce, charcoal (5%) showed a 0.9
simultaneously, pH (5 ¢g/L) and to 3% reduction in
and alcohol content bentonita the ethanol content
of wines produced (1g/L). compared with
with grape berries Sulfites: control wines; pH
collected during potassium and titratable acidity
cluster thinning metabisulfite were reduced; Wine
(100 mg/L), colors with reduced
before alcohol content were
and after optimized, and the
fermentation. phenolic composition
was unaffected
Grape Utilization After the optimization (Pickering et al., 1998)
of enzymatic of parameters such as
treatments with pH, enzyme dosage,
glucose oxidase oxygen, aeration,
in grape must, and temperature, a
converting glucose conversion of 87% of
to gluconic acid, glucose to gluconic
reducing the acid was reached
white wine alcohol
content
Grape To elaborate a T: 25 °C. 9.22 - 13.86 The time of (Maturano et al., 2019)
reduced alcohol pH: 3.8. permeance of the non-
content wines 21 °Brix. Saccharomyces yeast
without quality in the must before
loss through the addition of S.
determination cerevisiae significantly
and validation affected the
of optimum alcohol production;
fermentation Inoculum size of
conditions with non-Saccharomyces
sequential yeast did not
inoculation using affect the alcohol
non-Saccharomyces production; Wines
yeast produced in optimized
conditions showed
higher aromatic
complexity, however,
to color parameters
the co-inoculation
with Candida
membranaefaciens
presented negative
results
Grape To compare the T: 25 °C. 11.8 - 14.1 Late trimming and (Caccavello et al., 2017)
effect of two Sulfites: sulfur defoliation can reduce
intensities of late dioxide total soluble solids
trimming and (80 mg/kg). content in grape must;

defoliation on the
sugar accumulation
of Aglianico grape
berries and its
impact on wine
alcohol content,
composition, and
sensory properties

Trimming treatments
significantly
reduced the ethanol
concentration up to
1.1% without affecting
pH, acidity, and color;
Defoliation treatments
positively influenced
the wine global score
in the sensory analysis
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Table 3. Recently published scientific articles (2021 to 2023) on low-alcohol fruit wines in the research area of Agriculture and

Biological Sciences

Article title Purpose Fruits ISzl Reference
content (%)
Enhancing antioxidant To perform the sequential Kiwi (Actinidia 3.83-6.87 (Li et al., 2023)
activity and fragrant fermentation of kiwi juice deliciosa cv. Yate)
profile of low-ethanol with Zygosaccharomyces
kiwi wine via sequential rouxii in the initial
culture of indigenous fermentation phase
Zygosaccharomyces rouxii and  and add Saccharomyces
Saccharomyces cerevisiae cerevisiae after two days,
without adding sugar in
the must.
Chemical and chromatic To investigate the effect Apple 4.59 - 5.24 (Wang et al., 2023)
effects of commercial wine of 15 Saccharomyces
yeast strains (Saccharomyces yeast strains used to
spp.) on ‘dolgo’ crabapple produce white wine in
rosé cider the characteristics of rosé
cider.
Effects of Saccharomyces Produce pear cider Pear 5.70 - 6.0 (Guerrini et al.,
cerevisiae and Starmerella using mixed cultures of (Pyrus communis L.) 2023)
bacillaris on the Starmerella bacillaris and
physicochemical and sensory  Saccharomyces cerevisiae
characteristics of sparkling in simultaneous and
pear cider sequential inoculation
and its effect on the
physicochemical and
sensorial properties of the
beverage
Use of mixed cultures for To develop a technology Red Globe grape and 5.32-5.71 (Moreno et al., 2022)
the production of grape- to produce grape and Black Kat plum
plum low-alcohol fermented blackberry low-alcohol
beverages wine, using sequential
fermentation with
Lachancea thermotoletans
adding Saccharomyces
cerevisiae 72h later.
Effect of acute intake of Evaluate the potential Orange 0.90 (Escudero-
fermented orange juice on beneficial health effects (Citrus sinensis L.) Lopez et al., 2022)
fasting and postprandial of fermented oranges
glucose metabolism, plasma  compared to orange juice
lipids and antioxidant status
in healthy human
Effect of inoculation method Investigate the effects of Kiwi 5.30 - 5.50 (Huang et al., 2022a)

on the quality and nutritional
characteristics of low-alcohol
kiwi wine

Saccharomyces cerevisiae
and Wickerhamomyces
anomalus inoculation
methods on the nutritional
characteristics and quality
of low-alcohol kiwi wine

(Actinidia chinensis)
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Table 3. Continued...

Article title

Purpose

Fruits

Alcohol
content (%)

Reference

Enhancement of the aroma
in low-alcohol apple-blended
pear wine mixed fermented
with Saccharomyces
cerevisiae and non-
Saccharomyces yeasts

Effect of fermentation
strategy on the quality and
aroma characteristics of
yellow peach wines

Study on the construction
and aroma-producing
characteristics of the

recombinant Saccharomyces
cerevisiae strain W303-EAT

Characterization of Roselle
(Hibiscus sabdariffa) calyces
wine using date palm
(Phoenix dactylifera) fruit
extracts as a substitute for
granulated sugar

Screening non-saccharomyces
yeasts as low ethanol
producing starter cultures

Chemical composition,
sensory profile and
antioxidant capacity of
low-alcohol strawberry
beverages fermented with

Saccharomyces cerevisiae and

Torulaspora delbrueckii

Preparation of low-alcohol
pineapple wine by different
methods of terminating
fermentation

Explore the effects of
mixing pear and apple juice
in different proportions, as

well as the mixed culture
of Saccharomyces with
non-Saccharomyces on the
volatile composition and
sensory properties of pear
wine
Analyze the effects of
different fermentation
strategies on the
physicochemical
properties, phenolic
monomer content,
antioxidant activity, and
volatile compounds in
yellow peach wine

To amplify the gene
that express alcohol
acetyltransferase to
build a recombinant
Saccharomyces cerevisiae
strain and produce a low-
alcohol blueberry wine

Characterize the rose
wine produced from
Hibiscus sabdariffa using
Phoenix dactylifera
extracts as a sugar
substitute

Evaluate the fermentative
capacity of non-
Saccharomyces yeasts
under aerobic and
anaerobic conditions as
potential starter cultures
for the production of low-
alcohol beverages

Investigate the chemical
composition, sensory
characteristics, and

antioxidant activity of
low-alcohol strawberry
fermented beverage with

Saccharomyces cerevisiae

and Torulaspora delbrueckii
without added sugar

Investigate the effects of
different fermentation
termination methods on
the wine quality

Pear (Pyrus
bretschneideri
Rehder) e maca

(Malus domestica)

Peach (Prunus
persica L. Batsch)

Blueberry

Caruru-azedo calyx
(Hibiscus sabdariffa)
with date palm
extract (Phoenix
dactylifera)

Grape (Vitis vinifera
cv. Chenin Blanc)

Strawberry
(Fragaria x ananassa)

Pinapple
(Ananas comosus)

6.47 - 6.53

5.11-12.76

4.00 - 4.20

2.15-10.24

<5-11.9

1.3-2.7

4.78 - 4.85

(Yang et al., 2022)

(Liang et al., 2022)

(Wang et al., 2022a)

(Sobowale et al.,
2021)

(Mehlomakulu et al.,
2021)

(Yang et al., 2021)

(Wang et al., 2021)
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behavior of consumers who are increasingly looking for a
healthier lifestyle. It is also noted that in the vast majority of
the works, the alcoholic strength of the beverages remained
below 6%, which shows the growing search for beverages
that have low alcohol content when compared to traditional
fermented products, which commonly show content between
11 and 14%.

Moreover, these surveys meet the Sustainable Development
Goals (SDGs) of the United Nations (UN), which in
2015 proposed to its member states a new sustainable
development agenda for the following 15 years, the
2030 Agenda (United Nations, 2015). Some of these goals, in
particular Goals 3 (Good health and Well-being), 9 (Industry,
Innovation and Infrastructure) and 12 (Responsible
Consumption and Production), may be part of the motivation
for these scientists to investigate the beneficial properties
and the opportunities for innovation in technology to obtain
low-alcohol fruit wines, especially those produced with
nonconventional fruits.

It is worth noting that the bioactive properties of low-
alcohol beverages have been increasingly investigated in
scientific studies. Huang et al. (2022a) produced different
low-alcohol kiwi wine formulations with values averaging
5.4% (v/v) of alcoholic strength by using different yeast
inoculation techniques, and the kiwi wine formulation
prepared with the initial inoculation of Wickerhamomyces
anomalus followed by Saccharomyces cerevisiae showed
the highest vitamin C content and the highest sensory
acceptance. Yang et al. (2021) evaluated the potential of
beverages with alcoholic strengths between 1.3 and 2.7%
(v/v) produced from different strawberry cultivars, and
the beverage with the lowest alcohol strength showed the
highest levels of anthocyanins, total phenolic content, and
antioxidant capacity.

Technological prospection

Mapping of patents filed by country/organization

Figure 4 shows the number of patents filed by country. China
stands out as the main holder of technology for producing
low-alcohol fruit wines, holding 87 patents, followed by
Japan with 3 patents, while South Korea, France, and Spain
hold two patents each. Moreover, the United States, Taiwan,
Romania, and the Czech Republic have filed one patent each.
China ranks 12th out of 132 economies in the 2021 global
innovation index (World Intellectual Property Organization ,
2021), and in 2020 the country ranked second in the world for
science and technology hotspots (World Intellectual Property
Organization, 2020b). In addition, in 2019 China became the
main source of international patent applications filed with
the World Intellectual Property Organization (WIPO) (World
Intellectual Property Organization , 2020b). Japan, on the
other hand, ranks 13th among the 132 economies found in
the Global Innovation Index (Gll) (World Intellectual Property
Organization, 2020a).

The data presented in the present study show that
developed countries with adequate investments have a higher
number of scientific publications and patent applications,
thereby contributing to their economic growth. It is also worth
noting that China leads the world ranking of fruit-producing
countries, with a production of more than 240,000 tons in
2020 (Shahbandeh, 2021), which considerably increases
the alternatives available on the market and that can be
exploited.

International patent classification codes and filing
status

According to the WIPO, the classification codes are intended
to establish an effective search tool for the retrieval of patent

»
o
> ® CHN (n=87)
’ ® JPN (n=3)
= KOR (n=2)
" FRA (n=2)
ESP (n=2)
®USA (n=1)
BTWN (n=1)
ROM (n= 1)
BCZE (n=1)

Figure 4. Number of patents on low-alcohol fruit wine filed by country. CHN = China; JPN = Japan; KOR = South Korea; FRA = France;
ESP = Spain; USA = United States of America; TWN = Taiwan; ROM = Romania; CZE = Chez Republic.
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documents by intellectual property offices and other users.
Since a patent document may have more than one code, the
101 documents retrieved from Espacenet® had 75 different
codes of the International Patent Classification (IPC). The codes
that showed the highest frequency of appearance were those
of the group C12G3, with emphasis on subgroup C12G3/02,
which is related to the preparation of other fermented alcoholic
beverages, and subgroups C12G3/024 and C12G3/04, which
are related to the preparation of alcoholic beverages from
fruits other than the genus Vitis and to the preparation of
other alcoholic beverages by mixing different types thereof,
respectively. Moreover, subgroup C12R1/865 also showed a
significant frequency of appearances and is related to processes
that use S. cerevisiae as the fermenting microorganism. It is
possible to note that the codes present in the documents are
directly related to the subject of the patent mapping proposed
in this study, which includes not only methods of reducing
the alcohol content, but also preparation of beverages with
different yeasts and ingredients that are beneficial to human
health. Regarding the status of these documents, it was noted
that in the Espacenet® database, 39.6% of the documents (n
= 40) are listed as “granted” and 60.4% show their status as
“filed” (n =59). When a patent is granted, it means that it has
met the patentability requirements and that it is innovative
and has industrial applicability; and when the patent has not
yet been granted, it means that it is undergoing analysis and
that it will continue to be taken into consideration as long as
it is not abandoned or withdrawn (Deconinck et al., 2018).
Besides, the applicant must keep up to date with the payments
of the necessary fees so that the documents remain active in
the systems of the responsible offices in each country.

Inventors and applicants

Among the 101 patent documents, 345 inventors were
found, 26 of which hold more than one patent each. The main
inventors in the field of low-alcohol fruit wines were Jiang
Weiling and Liu Minghan, who are inventors and applicants
for four patents, while Yu Ran and Zhang Jun also stand out
for being listed as inventors in three patent documents.
As for the applicants, it was possible to note that 40% of
the patent applications were filed by the beverage industry,
while educational and research institutions were responsible
for 38% of the applications, and 22% of the applications were
filed by independent individuals and/or inventors. Two patent
applications were filed by more than one institution, through
partnerships between educational institutions and producers.
Among the producers, the Sino-French Joint-Venture Dynasty
Winery stood out for holding five patents. The company’s
most recent patent was published in 2022 (Bin et al., 2022)
and described an elaboration method of a grape low-alcohol
wine using non-Saccharomyces yeast with 5 - 6% alcohol
content. Of the 32 educational and research institutions that
filed patent applications, five hold two patent documents
each, namely, Shanghai Institute of Technology, Beibu
Gulf University, Northwest A&F University, Shaanxi Normal
University, and Tianjin Agricultural University.

Patent profile

The Table 4 presents the main information on the patent
applications filed in the last two years (2021 to 2023). Among
the 10 patent documents published in that period, four are

related to the use of grapes and two are related to the use
of apples as raw material for the preparation of fermented
beverages, and a similar behavior was noted in the documents
investigated in the scientific prospection of the present
study. This is an expected result since grape wine is one of
the most consumed beverages in the world and its consumers
are increasingly aware of the harm that daily consumption
of alcohol can cause to human health, thus leading the wine
industry to look for alternatives that promote the reduction of
the beverage’s alcoholic strength (Lemos Junior et al., 2019).
Besides, despite the cider industry being smaller than the wine
industry, this result shows its rapid growth rate since apples
are already traditionally known for their use in the production
of cider. The cider industry is currently one of the fastest
growing markets in East European countries (European Cider
and Fruit Wine Association, 2022). According to the European
Association of Cider and Fruit Wines (European Cider and
Fruit Wine Association, 2020), cider is an alcoholic beverage
obtained exclusively from complete or partial fermentation
of fresh or concentrated apple juice. The alcohol content
in cider may range between 1.2 and 8.5% and there already
exist low-alcohol ciders on the market, whose alcoholic
strength range from 0.5 to 1.2% (Guiné et al., 2021). For the
vast majority of recently patented beverages, the alcohol
strengths noted also remained below 6%, which shows that
the fields of scientific research and technology have shown
similar objectives regarding the production of low-alcohol fruit
wines. However, due to the lack of specific legislation, there
are still divergences in both sectors regarding the parameters
that define the maximum and minimum limits of alcoholic
strength in a beverage for it to be considered low-alcohol.
Moreover, the 2020 Compendium of International Methods of
Wine and Must Analysis of the International Organization of
Vine and Wine considers low-alcohol beverages only those
with an alcohol content < 1.5%. Even so, that same document
contains an annex with the validation parameters related to the
measurement of the alcohol content of these beverages, which
mentions samples containing up to 6.5% alcohol (Organization
of Vine and Wine, 2020).

The definitions available and easily found on this topic
are directly related to beverages considered zero-alcohol
or non-alcoholic. According to the United States law, non-
alcoholic beverages are those that contain less than 0.5%
(v/v) of alcohol in their composition (United States, 1988).
In Brazil, the Divisdo de Inspecdo de Produtos de Origem
Vegetal (Division for Inspection of Products of Vegetal Origin)
(DIPQV) states that dealcoholized grape wines must undergo
an adequate physical process to lower their alcohol content
to less than 0.5% (v/v) (Brasil, 2020).

Among the technologies used to produce the beverages
patented in those documents, the interruption of fermentation
when the product reaches the desired alcoholic strength
and vacuum distillation are the ones that most stand out.
Moreover, techniques such as dilution, membrane filtration,
short-term fermentations, or low-temperature fermentations
were also used, as well as non-Saccharomyces yeasts and
yeasts with low tolerance or low ethanol production.

Perspectives for the low-alcohol beverage market
Harmful consumption of alcohol is the cause of about 5.3%
of annual deaths worldwide, which represents an average of
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Table 4. Patent documents published on Espacenet® between 2021 and 2022 on low-alcohol fruit wines

. . Alcohol
Patent title Technology Fruits content (%) Reference
Preparation method of Fermentation temperature Apple 6.5-6.8 (Li et al., 2022)
fruit wine between 18 and 22 °C, with
agitation every 8 -12 h,
in a sealed tank during 14
to 16 days, separating the
precipitated must every 2 to
4 days
Brewing method of Utilization of non- Grape 5-6 (Zhang et al., 2022)
fermentation type low- Saccharomyces yeast in a
alcohol wine low-temperature fermentation
for 3-5 days, then adding the
Saccharomyces yeast and
continuing the fermentation
at 15-25 °C until the desirable
alcohol content is reached
Preparation method of Mixture of the lactic acid Morinda citrifolia 0.5-7 (Wang et al., 2022b)
Morinda citrifolia enzyme fermentation product from and grape
fruit wine and Morinda the fruit with grape wine
citrifolia enzyme fruit dealcoholized by reverse
wine 0Smosis
Brewing method of frozen Fermentation temperature Grape 1 (Huang et al., 2022b)
fermented low-alcohol between -6 and 0 °C
grape wine
Siraitia grosvenorii wine Concentration of nutrients in Siraitia grosvenorii 2-5 (Liu et al., 2022)
and preparation method  the fruit juice using resin and
thereof nanofiltration, fermentation
time from 7 to 15 days
Fruit-flavor low-alcohol Use of low ethanol tolerance Fuji apple 4-5 (Sun et al., 2021)
refreshing apple wine yeast
and preparation method
thereof
Yeast strain with low Yeast strain with low ethanol Kiwi 2.90% (Zhou et al., 2021)
ethanol yield and high production and its application
aroma and use thereof in a beverage
Method for manufacturing Reduction of the alcohol Grape, raspberry, 0-10 (Kim et al., 2021)
of non alcohol wine content of the beverage by blueberry, aronia,
and low-alcohol wine vacuum distillation without pomegranate or
prepared thereby deteriorating either the color apple
or the flavor of the fermented
product
Production method of Distillation of the Grape (Vitis davidii) <1 (Hu et al., 2021)
high-resveratrol low- fermentation beverage
alcohol fermented Vitis to remove its alcohol and
davidii oral liquid methanol, mixture of the
distillate with resveratrol and
mogroside
Fragrance-enhancing Addition of sulfur dioxide to Orange 7-8 (Liu et al., 2021)

Hanseniaspora opuntiae
and application thereof in
low-alcohol sweet navel
orange wine

terminate fermentation when
the stipulated alcohol content
is reached
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3 million people. The negative impact that alcohol consumption
can cause on human health is associated with risk of development
of mental and behavioral disorders, as well as diseases such
as liver cirrhosis, cancer, and cardiovascular diseases, besides
the risk of injuries resulting from violence and traffic accidents
(World Health Organization, 2022b). For these and other
reasons, the development of low-alcohol fermented beverages
is important, since consumers are increasingly concerned about
their health. This is made evident by data that show a decrease
in alcohol consumption worldwide between 2010 and 2019 (World
Health Organization, 2022a). Moreover, the low taxes and tariffs’
correlation with the low alcohol content in fruit wines draws
the attention of the commercial sector (Yang et al., 2021).
From a public health point of view, this is the best option for
governments to control and reduce harmful consumption of
alcohol, as this measure applied in high-income countries that
have a high number of alcohol consumers can encourage the
consumption of low-alcohol beverages instead of those with
high alcoholic strength (World Health Organization, 2020).

It is noteworthy that one of the few low-alcohol fermented
beverage niches that already have a well-established market
is that of beer, whereas fermented beverages made from fruits
are still on the rise worldwide since this type of beverage is not
so easily found on the market. Another aspect of this market
is the possibility of exploiting native and exotic fruits, often
underutilized in the beverage industry. Moreover, the utilization
of these fruits in the production of fruit wines can be a viable
alternative to circumvent the problems of post-harvest losses,
thus helping to preserve their species as well as enabling the
creation of a source of income for small producers.

However, during the research, no specific regulations
were found worldwide regarding the identity and quality
parameters of low-alcohol fruit wines, which is a challenging
and interesting topic since this makes it difficult to standardize
and market this type of beverage within legal parameters.

Conclusion

Given the above, it is concluded that in the scientific and
technological fields there has been an increase in interest in
technologies regarding the production of low-alcohol fruit
wines in the past ten years, mainly due to these beverages’
healthfulness appeal. The fact that countries from different
continents show interest in this technology emphasizes the
importance of encouraging research, innovation and technology
in this field since the amount of patent applications and scientific
production is related to the country’s economic development.

Among the main raw materials found in the articles and in
the patents, there are fruits that are already traditionally used
to produce alcoholic fermented products. However, it was
possible to observe a growing interest among inventors and
scientists in taking advantage of nonconventional fruits aiming
to bring innovation to the low-alcohol beverage market.
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