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Al and blockchain synergy-driven reconstruction of nutritional health
value chains in the wine industry
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Republic of China (PRC)

Abstract. The increasing demand for healthier, more transparent, and sustainable wine products has prompted
the need for innovative solutions to optimize the wine health value chain. This study investigates the application
of Artificial Intelligence (AI) and Blockchain technologies in enhancing the nutritional health value of wine. Al-
driven approaches are utilized to analyse the bioactive compounds in wine, particularly polyphenols, and to
identify optimal production conditions that enhance their nutritional benefits. Blockchain technology is
employed to ensure transparency, traceability, and verification of health claims, thereby strengthening consumer
trust. A dual-code system combining nutritional health codes and Blockchain traceability codes is proposed to
provide accessible, verifiable information on the wine’s health benefits and production journey. By integrating
these technologies, this research presents a comprehensive framework for improving the nutritional health value
chain in the wine industry. The findings highlight the potential of Al and Blockchain to address key challenges
in nutritional transparency, scientific validation, and consumer engagement, while supporting the growing
demand for functional and sustainable wine products.

1. Introduction particularly in terms of enhancing its nutritional health

i value and ensuring greater transparency.
Wine, one of the most popular beverages globally,

boasts a long history and rich cultural heritage. As
consumer awareness of health increases, wine has
gradually shifted from being regarded merely as a
recreational drink to a functional beverage. Polyphenols,
such as resveratrol and tannins, found in wine, have been
widely studied for their antioxidant, anti-aging, and
cardiovascular protective properties. Consequently, wine's
role in modern nutrition is evolving from a traditional
leisure beverage to one that offers health benefits.
However, as market demand changes, consumer
expectations of wine are also evolving. Particularly in the
post-pandemic era, health, nutrition, and environmental
sustainability have become key factors in consumers’ food
and beverage choices. The nutritional health value of wine
has emerged as a critical driver of market demand,

1.1. Significance of the Study

The primary objective of this study is to explore how
advanced technologies—specifically Artificial
Intelligence (AI) and blockchain technology—can be
leveraged to redefine the nutritional health value chain in
the wine industry. Polyphenolic compounds in wine are
recognized as key nutritional ingredients with various
health benefits, but the scientific evidence and
transparency regarding their health impacts remain
insufficient. Therefore, this study aims to address these
challenges by integrating interdisciplinary technologies,
thereby advancing the wine industry’s transformation into
the functional beverage sector.

presenting new challenges and opportunities for the wine
industry. To align with these changes, the wine industry
needs to undergo a reconstruction of its value chain,

Al especially deep learning and metabolomics, provides
a novel approach for studying the relationship between
wine components and human health. These technologies
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can deeply analyse the bioactivity of wine’s polyphenols
and offer personalized health recommendations for
consumers. Meanwhile, blockchain technology enables
transparency throughout the wine production process—
from grape cultivation to consumer consumption—
enhancing product credibility and consumer trust.

1.2. Research Objectives

The main objective of this study is to propose a
framework for reconstructing the nutritional health value
chain in the wine industry, utilizing Al and blockchain
technology to tackle challenges related to the transparency
of nutritional content, the quantification of health benefits,
and consumer trust. Specifically, the study aims to achieve
the following innovations:

— Application of Artificial Intelligence: Utilizing deep
learning and metabolomics to analyse the
bioactivity and health benefits of wine * s
polyphenolic compounds and to develop a dynamic
predictive model linking "nutritional efficacy-
consumer preferences."

— Application  of  Blockchain  Technology:
Implementing blockchain to establish an end-to-end
transparency system that tracks wine from grape
cultivation to consumer consumption, ensuring the
verifiability of health labels, ingredient sourcing,
and production processes.

—  Design of the "Dual-Code System": Developing and
implementing a "dual-code system" (Nutritional
Health Code + Blockchain Traceability Code) to
enable consumers to verify product authenticity,
nutritional labels, and environmental impact data in
real time via mobile interfaces.

Through these innovations, this study not only provides
a novel path for the digital transformation of the wine
industry but also offers a new theoretical framework and
practical model to support the global wine industry’s move
towards health-oriented beverages.

2. Overview of the wine health value chain

2.1. Significance of the Study

The nutritional profile of wine is complex and
multifaceted, with polyphenols being the most significant
contributors to its health benefits. While wine does contain
some essential vitamins and minerals, its most notable
contributions to human health stem from its bioactive
compounds, particularly the polyphenolic compounds that
offer antioxidant, anti-inflammatory, and cardioprotective
effects. As research continues to explore the links between
wine consumption and health outcomes, it is important to
recognize that these benefits are most pronounced with
moderate consumption.

211. Polyphenols

Polyphenols are a large group of naturally occurring
compounds found in wine, primarily derived from the

grape skins, seeds, and stems. These compounds exhibit
potent antioxidant properties, helping to neutralize free
radicals in the body and reduce oxidative stress, which is
linked to aging and various chronic diseases. Among the
polyphenols, resveratrol, a stilbenoid compound found
predominantly in red wine, has been extensively studied
for its cardiovascular benefits, including its ability to
reduce inflammation, improve blood vessel function, and
decrease the risk of heart disease. Other polyphenolic
compounds, such as flavonoids (e.g., quercetin) and
tannins, contribute to the wine's astringency and also
provide anti-inflammatory and antioxidant benefits.

2.1.2. Flavonoids

This subclass of polyphenols, which includes
compounds such as quercetin, catechins, and
anthocyanins, is particularly abundant in red wine.
Flavonoids are known for their strong antioxidant activity,
which helps protect cells from oxidative damage and may
reduce the risk of cancer and cardiovascular diseases.
Anthocyanins, the pigments responsible for the deep red
and purple colours of some wines, have been shown to
improve blood vessel function and offer potential
neuroprotective effects.

2.1.3. Tannins

As another group of polyphenolic compounds found in
wine, tannins are primarily responsible for the dry,
puckering sensation experienced when drinking wine.
Tannins are known to have antioxidant and anti-
inflammatory properties. They also play a role in the
antimicrobial activity of wine and are thought to contribute
to the wine’s ability to support gut health by influencing
the microbiome.

2.1.4. Vitamins and minerals

While wine is not a significant source of vitamins or
minerals, it does contain trace amounts of some essential
nutrients. These include vitamin B6, which plays a role in
metabolism and immune function, and potassium, which
helps maintain healthy blood pressure. Additionally,
wines—especially red wine—may contain small amounts
of magnesium and iron, though these are not present in
concentrations high enough to be considered major dietary
sources.

2.1.5. Ethanol

The ethanol content of wine, while primarily associated
with its intoxicating effects, also plays a role in its health
benefits when consumed in moderation. Moderate alcohol
consumption has been linked to improved cardiovascular
health, with ethanol potentially increasing high-density
lipoprotein (HDL) cholesterol and having an anti-clotting
effect. However, excessive alcohol consumption can have
detrimental health effects, including liver disease, and
should be consumed with caution.
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2.1.6. Other bioactive compounds

In addition to polyphenols and essential nutrients, wine
contains other bioactive compounds, such as terpenes,
which contribute to the aroma and flavour profile of the
wine. Some studies suggest that terpenes, particularly in
aromatic wines, may have antioxidant and anti-
inflammatory effects. Furthermore, the fermentation
process can produce organic acids such as tartaric and
malic acids, which influence the taste and may contribute
to digestive health by promoting a healthy gut microbiota.

2.2. Composition of the nutritional health value
chain in wine

The nutritional health value chain of wine is a dynamic
and interconnected system that spans from grape
cultivation to consumer consumption. At each stage of this
value chain, various practices and technologies work
together to enhance the nutritional content and health
benefits of wine, ensuring that consumers can make
informed decisions about their wine choices while
supporting the sustainable growth of the wine industry.

2.21. Grape
practices

cultivation and vineyard

The foundation of wine's nutritional health value begins
in the vineyard. The quality and composition of the grapes
are directly influenced by vineyard practices, such as soil
quality, irrigation, pest management, and harvesting
techniques. Grapes grown in nutrient-rich soil with
optimal climatic conditions tend to produce higher levels
of polyphenols, particularly resveratrol and other
antioxidants, which are crucial for the wine’s health
benefits. Additionally, sustainable and organic farming
practices—such as avoiding the use of synthetic pesticides
and fertilizers—can enhance the bioavailability of
beneficial compounds in the grapes and improve the
overall healthfulness of the wine.

Advances in soil health monitoring, such as tracking
micronutrient levels (e.g., magnesium, potassium, zinc),
are essential in optimizing grape quality. Soil health
directly affects the vine’s ability to uptake nutrients, which
can influence both grape quality and the subsequent health
benefits found in the wine. This practice is increasingly
integrated into modern vineyard management strategies,
aiming to enhance the nutritional content of the grapes.

2.2.2. Wine production

The winemaking process is crucial in determining the
nutritional composition of the final product. During
fermentation, yeast converts sugars in the grapes into
alcohol, but it also influences the production of bioactive
compounds, such as polyphenols and organic acids. The
extent of polyphenol extraction from grape skins, seeds,
and stems is affected by factors like fermentation duration,
temperature, and the winemaking techniques used, such as
maceration and aging.

The fermentation process can significantly impact the
antioxidant properties of the wine. During fermentation,
polyphenols, including resveratrol, tannins, and
flavonoids, are released from the grape skins and seeds
into the wine. This process helps concentrate the beneficial
compounds that contribute to the wine's nutritional health
value.

The aging process, particularly in wooden barrels, can
influence the chemical composition of wine. For example,
oak aging can enhance the polyphenolic content and
introduce additional compounds, such as ellagic acid,
which have potential health benefits. Aging can also
contribute to the development of more complex flavours,
which may indirectly influence consumer preference and
health perceptions.

2.23. Wine quality control and nutritional

labelling

Quality control during wine production ensures that the
wine maintains its nutritional integrity. Techniques like
near-infrared spectroscopy (NIRS) and high-performance
liquid chromatography (HPLC) are employed to measure
the concentration of bioactive compounds in the wine,
allowing producers to monitor the presence of
antioxidants, vitamins, and other nutrients. This step is
crucial in ensuring that wines retain their beneficial
properties throughout the production process.

Nutritional information is increasingly becoming a key
component of wine labelling. Transparency about the
nutritional profile, including antioxidant content,
polyphenol concentration, and other health-related
attributes, can help consumers make informed choices.
Furthermore, claims such as "rich in resveratrol" or "high
in antioxidants" are gaining popularity, reflecting growing
consumer demand for health-conscious wine options.

2.24. Consumer consumption and health

outcomes

The final stage in the wine’s nutritional health value
chain is consumer consumption. The way in which wine is
consumed—whether in moderation or excessive
amounts—plays a significant role in its health impact.
Research has demonstrated that moderate consumption of
wine, particularly red wine, can confer health benefits,
including improved cardiovascular health, anti-
inflammatory effects, and potential anti-aging properties,
due to the bioactive compounds present in the wine.

The bioactive compounds in wine, particularly
polyphenols, are associated with various health benefits.
For example, resveratrol has been linked to a reduced risk
of heart disease by improving endothelial function,
reducing blood clotting, and lowering blood pressure.
Additionally, the antioxidants found in wine can help
mitigate oxidative stress and inflammation, which are
linked to the development of chronic diseases such as
cancer, diabetes, and neurodegenerative disorders.
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2.2.5. Blockchain and Al-enabled

transparency in the value chain

To ensure the authenticity, quality, and health benefits
of wine, advanced technologies such as blockchain and
artificial intelligence (AI) are being integrated into the
value chain. Blockchain enables the traceability of wine
from grape cultivation to final consumption, ensuring that
consumers can verify the product's origin, production
methods, and health claims. Al technologies, particularly
those involving deep learning and metabolomics, are being
used to analyse the relationship between wine’s
components and health outcomes, providing consumers
with personalized health recommendations based on their
preferences.

An emerging trend is the development of a dual-code
system that combines nutritional health codes with
blockchain traceability codes, allowing consumers to
access comprehensive, verifiable information about the
wine’s nutritional composition, health benefits, and
environmental impact via mobile interfaces.

2.3. Consumer demand and health trends

Over the past few decades, there has been a noticeable
shift in consumer behaviour, particularly regarding food
and beverage choices. Increasingly, consumers are
prioritizing health, wellness, and sustainability when
selecting products, including wine. This trend is
particularly evident in the post-pandemic era, where health
concerns have led to a surge in demand for functional
foods and beverages. As a result, wine is no longer viewed
solely as an indulgence or luxury item but is increasingly
perceived as a product with potential health benefits. This
shift has significant implications for the wine industry,
especially in terms of aligning product offerings with
consumer preferences for healthier, more transparent, and
sustainable products.

2.3.1. Health-conscious consumer behaviour

The growing awareness of the link between diet and
health has led to a rise in demand for beverages that
contribute to overall well-being. Consumers are
increasingly looking for products that not only provide
enjoyment but also offer specific health benefits. This is
particularly true for wine, where the health properties of
polyphenols—such as resveratrol, quercetin, and
catechins—have gained attention for their antioxidant,
anti-inflammatory, and cardiovascular protective effects.
Many consumers, particularly those in the health-
conscious demographic, view wine as a functional
beverage that can contribute to a healthy lifestyle,
provided it is consumed in moderation.

Moreover, the desire for functional beverages is no
longer confined to niche markets. A wide range of
consumers, including younger generations, is seeking
products that provide tangible health benefits. This has led
to an increasing demand for wines that are rich in
polyphenolic compounds and antioxidants, with the

expectation that these compounds may play a role in
promoting longevity, reducing the risk of chronic diseases,
and supporting overall wellness.

2.3.2. Post-pandemic health trends

The global COVID-19 pandemic has further accelerated
the trend toward health-conscious consumption. With
heightened concerns over immunity, chronic disease
prevention, and mental well-being, consumers are more
discerning about their food and beverage choices. The
pandemic has made consumers more aware of the
importance of maintaining a healthy immune system and
lifestyle, leading them to seek out products that align with
these values.

As part of this shift, there is growing interest in wines
that promote heart health, reduce inflammation, and
support mental well-being. The potential role of wine in
supporting cardiovascular health through its polyphenol
content, particularly resveratrol, aligns well with the
current focus on preventative health care. In addition, there
is a rising demand for wines with clear health labels and
transparent information about their health benefits,
reflecting an increased consumer preference for
transparency and authenticity in product offerings.

2.3.3. Sustainability and ethical consumption

Alongside health considerations, sustainability has
become a significant factor in consumer decision-making.
Wine consumers are increasingly concerned about the
environmental impact of their purchases, and this concern
extends to the production processes and sourcing of
ingredients. There is growing interest in wines that are
produced using sustainable farming practices, including
organic, biodynamic, and regenerative agriculture, which
emphasize environmental stewardship and the reduction of
carbon footprints. Consumers are also looking for wines
that are produced with minimal intervention, using fewer
chemicals and preservatives, as part of a broader trend
toward ethical and sustainable consumption.

This focus on sustainability intersects with health trends,
as consumers are not only concerned with what they are
putting into their bodies but also with the environmental
impact of the products they consume. Wine producers that
can demonstrate their commitment to sustainability—
whether through certifications such as organic or
biodynamic, or through transparency in their production
practices—are likely to appeal to the growing segment of
consumers who prioritize both health and environmental
responsibility.

2.3.4. Transparency and trust in wine labels

As consumers become more health-conscious and
environmentally aware, they are demanding greater
transparency in wine labelling. Clear, accessible, and
accurate information about a wine's health benefits,
ingredients, production methods, and sourcing practices
has become essential for building consumer trust.
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Consumers want to know the nutritional composition of
the wine they are drinking, including the presence of
antioxidants, polyphenols, and other beneficial
compounds, as well as details on the environmental impact
of the production process, such as carbon footprints and
water usage.

This demand for transparency is driving the adoption of
innovative technologies, such as blockchain and artificial
intelligence, in the wine industry. These technologies
allow wine producers to provide detailed, verifiable
information about the product's origins, production
methods, and health claims, all of which help to enhance
consumer confidence in the authenticity and quality of the
wine. Wines that integrate such transparency are more
likely to resonate with health-conscious and
environmentally aware consumers, as they align with the
growing preference for products that can be traced and
verified.

2.3.5. Consumer

personalization

preferences for

The desire for personalized nutrition is another key trend
influencing wine consumption. Just as consumers are
increasingly seeking tailored health and wellness
products—such as personalized dietary supplements or
fitness plans—there is growing interest in personalized
wine recommendations based on health profiles, taste
preferences, and specific nutritional needs. Advances in Al
and metabolomics are making it possible to tailor wine
suggestions to individual consumers, considering their
specific health goals (e.g., heart health, inflammation
reduction) and taste preferences.

This trend towards personalization reflects a broader
consumer desire for products that align with their unique
lifestyles and health goals. As the wine industry becomes
more sophisticated in its use of technology to understand
consumer preferences and health needs, personalized wine
offerings are expected to become more prevalent,
providing consumers with wines that not only match their
taste preferences but also support their health and wellness
objectives.

3. Challenges in the wine health value Chain

The wine industry is increasingly integrating health-
focused elements into its value chain, several challenges
remain in optimizing the nutritional health benefits of
wine, ensuring transparency, and meeting the growing
consumer demand for functional beverages. These
challenges span from the grape cultivation stage to the
final consumer, affecting the entire value chain. The main
challenges include issues related to nutritional
transparency, scientific validation of health benefits, and
market competition. The wine industry’s nutritional health
value chain faces several key challenges, including the
need for greater transparency in labelling, the insufficient
scientific evidence backing health claims, competition
from alternative beverages, regulatory inconsistencies, and
the challenges posed by alcohol consumption concerns.

Addressing these challenges requires coordinated efforts
across the entire value chain—from vineyard management
to wine production and marketing. By embracing
technological advancements, adhering to sustainable
practices, and ensuring transparency and scientific
validation of health claims, the wine industry can
effectively navigate these challenges and meet the
evolving demands of health-conscious consumers.

3.1. Transparency of nutritional and health

information

One of the most significant challenges facing the wine
industry in the context of health and nutrition is the lack of
transparency regarding the nutritional content and health
benefits of wine. Unlike many other food and beverage
sectors, wine traditionally lacks comprehensive,
standardized nutritional labelling. While certain health
benefits of wine—such as its antioxidant and anti-
inflammatory properties—are widely recognized, there is
insufficient  transparency and  consistency  in
communicating these benefits to consumers.

Many consumers today expect to find clear information
on the labels about the nutritional profile of wine,
including its polyphenolic content, antioxidant levels, and
the presence of other bioactive compounds. However, the
absence of mandatory labelling requirements for such
information in many markets leaves consumers in the dark
about the specific health attributes of the wine they are
purchasing. This lack of transparency undermines
consumer trust and hinders the potential for wine to fully
capitalize on its health benefits. Additionally, without
clear labelling, it is difficult for consumers to differentiate
between wines that truly offer health benefits and those
that may be making unsubstantiated claims.

3.2. Insufficient scientific evidence on health
benefits

Despite growing evidence of the health benefits of
polyphenols and other bioactive compounds found in
wine, the scientific validation of these benefits remains a
challenge. While numerous studies have demonstrated the
positive effects of wine’s polyphenols on cardiovascular
health, aging, and inflammation, there is still a lack of
large-scale, long-term clinical trials that definitively prove
the health claims associated with wine consumption.

Many health benefits attributed to wine, such as the
prevention of heart disease or cancer, are based on
observational studies or animal models rather than
rigorous clinical trials involving human participants. As a
result, the industry faces challenges in providing
scientifically sound, evidence-based health claims to
consumers. Furthermore, the variability in the composition
of wine—based on grape variety, production methods, and
aging processes—makes it difficult to draw generalized
conclusions about its  health  benefits. More
comprehensive, high-quality clinical trials are needed to
substantiate the health claims and to better understand the
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relationship between wine consumption and health
outcomes.

3.3. Market competition and consumer trust

The wine industry faces significant competition,
particularly with the rise of alternative beverages, such as
low-alcohol wines, functional drinks, and plant-based
beverages that also market themselves as health-conscious
products. These competitors, often backed by strong
health-related claims, are attracting a growing segment of
health-conscious consumers who may otherwise consider
wine an indulgence. As consumer preferences shift toward
functional and low-calorie beverages, wine producers
must differentiate their products by providing clear and
compelling health benefits.

However, the issue of consumer trust remains a critical
challenge. The wine market has been historically plagued
by the presence of counterfeit or adulterated wines, which
undermines consumer confidence. In the absence of clear
and reliable information regarding a wine’s health and
nutritional value, some consumers may be hesitant to
invest in wines marketed for their health benefits. The
challenge lies in building consumer trust by providing
verifiable claims, transparent product information, and
ensuring product authenticity and quality throughout the
value chain. The lack of standardized certifications or
health claims makes it difficult for consumers to make
informed purchasing decisions.

3.4. Regulatory and standardization barriers

Another challenge is the absence of consistent
regulatory frameworks for health claims and nutritional
labelling in the wine industry. While food and beverage
sectors in many countries are subject to rigorous
regulations regarding nutritional labelling and health
claims, the wine industry often operates in a regulatory
grey area. In some markets, wine producers are not
required to disclose detailed nutritional information, and in
others, the ability to make health claims is restricted.

This lack of standardized regulations hampers the
development of a unified, transparent approach to
communicating the health benefits of wine. Producers who
wish to make health claims must navigate complex and
sometimes conflicting regulatory requirements, which can
vary significantly across regions. The absence of universal
standards for wine production, labelling, and health claims
further complicates efforts to establish consumer trust and
ensure the nutritional integrity of the product.

3.5. Consumer perception of alcohol and health

While the health benefits of wine are widely
acknowledged, the presence of alcohol poses a significant
challenge in the health-based marketing of wine. Alcohol,
even in moderate amounts, is associated with various
health risks, including liver disease, addiction, and an
increased risk of certain cancers. As a result, promoting
wine as a health beverage must be carefully balanced

against the potential negative perceptions surrounding
alcohol consumption.

In recent years, there has been growing concern over the
negative impact of alcohol on overall health, leading to a
segment of consumers who actively seek out alcohol-free
or low-alcohol alternatives. This shift in consumer
preference presents a challenge for traditional wine
producers who must adapt to these evolving preferences
while maintaining the integrity of their product.

3.6. Sustainability challenges

Sustainability is a growing concern within the wine
industry, particularly in terms of production practices,
environmental impact, and carbon footprint. Consumers
are increasingly concerned about the environmental
sustainability of the products they purchase, and the wine
industry is no exception. Factors such as pesticide use,
water consumption, and energy-intensive production
processes contribute to the environmental footprint of
wine production.

Wineries are under increasing pressure to adopt
sustainable practices, such as organic and biodynamic
farming, reduce water usage, and minimize carbon
emissions. While sustainability is closely tied to health-
conscious consumer trends, the financial and logistical
challenges associated with adopting these practices can be
significant for many producers. Ensuring that wines
marketed as health-conscious and sustainable are
genuinely produced through environmentally friendly
practices is a key challenge for the industry moving
forward.

4. Optimizing the wine health value chain
through Al and blockchain

In response to the growing demand for healthier, more
transparent, and sustainable wine products, the integration
of Artificial Intelligence (AI) and Blockchain technology
offers a powerful solution to optimize the wine health
value chain. These technologies improve transparency,
enhance quality control, and enable more personalized
consumer experiences, effectively addressing key
challenges in the wine industry such as nutritional
transparency, scientific validation of health claims, and
consumer trust. By leveraging Al-driven analysis,
producers can optimize polyphenol extraction conditions
and create personalized health recommendations for
consumers. Blockchain, on the other hand, ensures the
traceability and verification of health claims, fostering
greater consumer trust and building a stronger connection
between consumers and the wine they choose. The
introduction of a dual-code system further enhances this
process, providing consumers with accessible and
verifiable information about the wine’s health benefits and
production journey. As these technologies continue to
evolve, their application will play a crucial role in meeting
the increasing consumer demand for healthier, more
transparent, and sustainable wine options.
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4.1. Al Applications in wine nutritional health
optimization

Al technologies, particularly deep learning and
metabolomics, have transformative potential for
improving the nutritional health value chain of wine.
These technologies enable the analysis of complex
relationships between wine components and their health
effects, as well as the creation of predictive models for
wine quality and consumer preferences.

411. Deep learning and metabolomics

Al-driven deep learning algorithms can process large
amounts of data from various sources, including grape
phenotypes, production methods, and chemical
compositions. Through metabolomics, Al can map the
metabolite profiles of wine, identifying bioactive
compounds such as polyphenols, flavonoids, and
resveratrol, which contribute to its health benefits. This
data can be used to predict how variations in the grape
cultivation process, fermentation, and aging affect the
nutritional composition and health-promoting properties
of the wine.

Al models can also help identify the optimal conditions
for maximizing the health benefits of wine, such as the
ideal harvest time, fermentation temperature, and aging
process. By integrating these insights, winemakers can
fine-tune their processes to produce wines with higher
concentrations of beneficial compounds, enhancing their
nutritional and health value.

4.1.2. Personalized wine recommendations

Al can also be used to offer personalized wine
recommendations based on individual health profiles and
preferences. By analysing consumer data such as health
goals (e.g., cardiovascular health, anti-aging), taste
preferences, and even genetic factors, Al algorithms can
recommend wines that best align with a consumer's
nutritional needs. This level of personalization is
increasingly demanded by health-conscious consumers
and represents a significant opportunity for the wine
industry to cater to a growing market segment.

Additionally, AI can assist in improving consumer
education by providing personalized nutritional
information about wine, helping consumers make more
informed decisions about their purchases. For example,
Al-powered mobile apps can scan wine labels and provide
detailed, real-time information about the wine’s nutritional
composition, polyphenol content, and health benefits
based on scientific evidence.

4.2. Blockchain’s role in ensuring transparency
and traceability

Blockchain technology offers an innovative solution for
ensuring transparency, authenticity, and accountability
across the entire wine value chain, from grape cultivation
to final consumption. By providing a decentralized,

immutable ledger, Blockchain can track every step in the
production process, ensuring that the claims made about
the wine’s health benefits, origin, and environmental
impact are verifiable and trustworthy.

4.21. Full-chain traceability and transparency

One of the primary advantages of Blockchain
technology in the wine industry is its ability to provide
full-chain  traceability. Using blockchain, every
transaction—from vineyard to winery to distribution—can
be recorded and securely stored in a digital ledger. This
means that consumers can verify the authenticity of a wine,
trace its origin, and examine its production process,
including how the grapes were grown, whether sustainable
farming practices were used, and the environmental impact
of production.

For example, a wine’s blockchain record could include
data on soil quality, pesticide use, water consumption, and
carbon emissions, providing consumers with a
comprehensive understanding of how their wine was
produced. This level of transparency not only fosters
consumer trust but also enhances the credibility of health
claims, as consumers can verify that the wine’s health
benefits are backed by sustainable, responsible practices.

4.2.2. GIS geographic fingerprints and near-
infrared spectroscopy

Blockchain can also be integrated with Geographic
Information System (GIS) technology to provide
geographic fingerprints for wines, ensuring that the
terroir—the unique combination of environmental factors
such as soil composition, climate, and topography—can be
accurately tracked. GIS technology can map the exact
location of vineyards, verifying that the wine originates
from the stated region and complies with geographical
indications (Gls), which are often linked to quality and
authenticity.

Moreover, blockchain can be coupled with near-infrared
(NIR) spectroscopy to quickly and non-invasively assess
the composition of wine, including its polyphenol content.
By linking NIR spectroscopy data to the blockchain,
producers can provide real-time verification of the wine’s
nutritional content and authenticity, allowing consumers to
access detailed information about the wine’s health
benefits directly from their mobile devices.

4.3. Design and implementation of the "dual-
code system"

The integration of Al and Blockchain technologies can
be further optimized through the implementation of a
“dual-code system.” This innovative system combines a
Nutritional Health Code and a Blockchain Traceability
Code, which consumers can access through a mobile
application. The dual-code system allows consumers to
verify both the health-related properties of the wine, such
as its antioxidant content and polyphenol profile, and its
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traceability, ensuring that the wine is authentic and
produced sustainably.

4.3.1. Nutritional health code

The Nutritional Health Code is a digital code embedded
in the wine's packaging that provides detailed information
about its nutritional profile, including the concentration of
bioactive compounds, antioxidants, vitamins, and
minerals. This code is linked to data obtained through Al-
driven metabolomics analysis, ensuring that the nutritional
claims made on the label are accurate and based on
scientifically validated information.

4.3.2. Blockchain traceability code

The Blockchain Traceability Code is another component
of the dual-code system. This code allows consumers to
access a complete, verifiable record of the wine's
production journey, including the vineyard practices,
grape variety, fermentation process, and even the
environmental impact of production. By scanning the code
with a mobile device, consumers can instantly view this
information, empowering them to make more informed
purchasing decisions based on transparency and trust.

Together, these two codes create a seamless and efficient
system that provides consumers with both health-related
and provenance-related information about the wine,
enhancing their overall experience and fostering
confidence in the product's authenticity and quality.

4.4. Al and blockchain in quality control and
market differentiation

Al and Blockchain can also play an essential role in
quality control, helping producers maintain high standards
throughout the production process. Al algorithms can be
employed to continuously monitor wine quality during
fermentation and aging, providing real-time adjustments to
ensure optimal conditions for preserving nutritional and
health-related properties. Blockchain further enhances
quality control by enabling producers to track any
deviations or inconsistencies in the production process,
ensuring that only wines that meet specific health and
quality criteria reach the market.

Furthermore, the integration of these technologies offers
a unique opportunity for market differentiation. Wine
producers who adopt Al and Blockchain for nutritional
health optimization and traceability can distinguish
themselves in a competitive market by offering
transparent, science-backed products. This differentiation
is particularly valuable in the growing segment of health-
conscious consumers who prioritize authenticity,
sustainability, and health benefits in their purchasing
decisions.

5. Future outlook and challenges

As the wine industry increasingly embraces
technological innovations, particularly in the fields of

Artificial Intelligence (Al) and Blockchain, the future of
the wine health value chain is set for significant
transformation. The integration of these technologies
holds immense potential to drive improvements in
transparency, product quality, and consumer engagement.
However, despite the promising prospects, several
challenges remain. This section explores the future outlook
for the wine health value chain and the key challenges that
need to be addressed for continued growth and innovation.
With Al and Blockchain technologies at the forefront, the
future of the wine health value chain is bright. These
technologies will play a vital role in meeting the growing
demand for healthier, more transparent, and sustainable
products. Nevertheless, challenges in areas such as
regulatory frameworks, scientific validation, consumer
perceptions, and sustainability must be overcome. By
addressing these obstacles and fostering industry
collaboration, the wine industry can optimize its value
chain, ensuring a healthy and sustainable future that
benefits both consumers and producers.

5.1. Future trends in the health-oriented wine
industry

The global trend toward healthier, functional beverages
is likely to continue driving the evolution of the wine
industry. As consumer demand for health-promoting
products increases, wine producers are expected to place
greater emphasis on the nutritional and health benefits of
their offerings. The growing popularity of low-alcohol,
alcohol-free, and functional wines, enriched with bioactive
compounds such as polyphenols, antioxidants, and
vitamins, will further enhance wine’s position as a health-
conscious beverage.

5.1.1. Health-focused innovation

The future of wine will likely see increased innovation
in the development of wines that specifically target health
concerns, such as cardiovascular health, anti-aging, weight
management, and gut health. These innovations will be
driven by advances in both production methods (e.g.,
fermentation techniques that enhance polyphenol
extraction) and the use of technology like Al to identify
optimal health-boosting compounds. Personalized wine
experiences, based on individual health data and
preferences, will also become more prevalent, offering
consumers customized wine options that align with their
unique health goals.

5.1.2. Rise of functional wines

Functional wines, which combine the pleasure of
drinking with health-enhancing properties, are expected to
gain greater traction in the market. Consumers are
increasingly looking for products that offer both
enjoyment and tangible health benefits. The future will
likely witness the proliferation of wines fortified with
additional health-promoting nutrients, such as probiotics,
prebiotics, and plant-based compounds. Wines rich in
resveratrol, polyphenols, and other bioactive compounds


https://ives-openscience.eu/ives-conference-series/

46" OIV Congress, Moldova 2025 - available on IVES Conference Series

will become a focal point for both producers and
consumers seeking natural, plant-based functional
beverages.

5.2. Technological innovation and the
digitalization of the wine industry

Al and Blockchain will play an increasingly central role
in the digitalization of the wine industry. These
technologies offer innovative ways to optimize wine
production, enhance quality control, and provide more
transparency throughout the supply chain. The continued
evolution of Al and Blockchain technologies will shape
the way wine is produced, marketed, and consumed,
helping wineries meet the growing demand for both
quality and sustainability.

5.21. Al-driven personalization

As Al technologies continue to advance, personalized
wine experiences will become more prevalent. Al’s ability
to analyse large datasets, including consumer preferences,
health profiles, and wine compositions, will enable
producers to develop wines that are not only tailored to
individual taste preferences but also optimized for specific
health benefits. Consumers may soon have access to
personalized wine recommendations based on their unique
health and wellness goals, further blurring the lines
between functional beverage and personalized nutrition.

5.2.2. Blockchain as a standard for
transparency and authenticity

Blockchain technology, with its ability to provide
secure, immutable records, will increasingly be used to
establish standardized systems for product transparency
and authenticity. As consumers demand more verifiable
information about the products they consume, Blockchain
will play a critical role in enabling full-chain traceability.
This technology will become a standard tool for
confirming the authenticity of health claims, verifying
sustainability practices, and ensuring that consumers
receive the quality of wine they expect. As Blockchain
becomes more widely adopted, it will likely lead to the
establishment of international standards for wine
traceability and certification, further strengthening
consumer confidence in the product.

5.3. Challenges to overcome in the wine health
value chain

While the future of the wine health value chain is
promising, several challenges remain that must be
addressed to fully realize the potential of AI and
Blockchain technologies and ensure sustainable growth in
the wine industry.

5.3.1. Regulatory hurdles and standardization
issues

A major challenge facing the wine industry is the lack of
consistent global regulations regarding health claims,
nutritional labeling, and Blockchain traceability. In many
regions, the wine industry operates in a regulatory grey
area when it comes to making health claims or providing
detailed nutritional information on labels. Although the
demand for transparency is growing, regulatory
frameworks for wine’s nutritional health value are still in
development. Establishing universal standards for
labeling, certification, and health claims will be crucial in
ensuring that consumers can trust the information they
receive and make informed decisions. Efforts to harmonize
regulations across regions and countries will be essential
for building global consumer confidence in wine’s health
benefits.

5.3.2. Scientific validation of health claims

The scientific validation of the health benefits of wine
remains a critical challenge. While numerous studies have
shown the potential health benefits of wine, particularly its
polyphenol content, more rigorous, large-scale clinical
trials are needed to substantiate these claims. The wine
industry must work closely with researchers and health
experts to conduct controlled, peer-reviewed studies that
can provide solid evidence of the functional benefits of
wine consumption. Without such scientific backing, there
is a risk that health claims may be perceived as
unsubstantiated marketing tactics, which could undermine
the credibility of health-oriented wines in the market.

5.3.3. Consumer perception of alcohol and
health

While wine offers potential health benefits, the alcohol
content remains a concern for many consumers. The
association between alcohol consumption and various
health risks—such as liver disease, addiction, and
cancer—poses a challenge in marketing wine as a health
beverage. The wine industry must navigate this issue
carefully, balancing the promotion of wine’s health
benefits with the need to acknowledge the potential risks
of alcohol consumption. There is also growing demand for
low-alcohol and alcohol-free wine options, which will
require producers to innovate and adapt their offerings to
meet the changing preferences of health-conscious
consumers.

5.3.4. Sustainability and
concerns

environmental

Sustainability continues to be a significant challenge for
the wine industry. Wine production is resource-intensive,
requiring large amounts of water, energy, and land. As
consumers become more environmentally conscious,
wineries will need to adopt sustainable practices to reduce
their environmental footprint. This includes using organic
farming methods, reducing water usage, and minimizing
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carbon emissions during production and transportation.
The future of wine will depend on the ability of producers
to Dbalance health Dbenefits with environmental
responsibility, ensuring that both product quality and
sustainability are prioritized.

5.4. The role of industry collaboration

To overcome these challenges and fully capitalize on the
potential of AI and Blockchain in the wine industry,
collaboration among key stakeholders will be essential.
This includes partnerships between wineries, technology
companies, regulatory bodies, academic institutions, and
consumer advocacy groups. Such collaborations can help
streamline the adoption of new technologies, ensure the
development of standardized regulations, and drive
innovation across the industry.

6. Conclusion

The integration of Artificial Intelligence (AI) and
Blockchain technologies offers the wine industry a unique
opportunity to optimize the nutritional health value chain,
enhance product transparency, and meet the growing
demand for health-conscious, sustainable, and authentic
beverages. Through AI, wine producers can leverage
advanced data analysis to enhance the nutritional quality
of wine, personalize consumer experiences, and ensure
that health benefits are scientifically supported.
Blockchain technology, on the other hand, can ensure full
traceability, allowing consumers to verify the authenticity,
quality, and environmental impact of the wine they
purchase.

The future of the wine industry lies in its ability to
innovate in response to consumer demand for healthier and
more transparent products. The trend towards functional
beverages, combined with increasing awareness of health
and sustainability, signals a shift in consumer preferences,
one that will continue to grow in significance. As this shift
accelerates, wine producers must adapt by embracing these
technological advancements, ensuring that their products
not only meet the evolving health expectations of
consumers but also contribute to a more sustainable and
transparent production system.

However, the journey towards fully optimizing the wine
health value chain is not without challenges. Issues such as
the lack of standardized regulations, the need for more
robust scientific evidence to validate health claims, and the
complexities of consumer perceptions of alcohol must be
addressed. Additionally, the adoption of sustainable
production practices and the integration of Al and
Blockchain technologies across the entire value chain will
require continued collaboration among wineries,
technology developers, regulators, and other stakeholders.

By overcoming these challenges, the wine industry has
the potential to position itself at the forefront of the health-
focused beverage market, providing consumers with
products that offer both enjoyment and tangible health
benefits. Through the continued integration of Al and
Blockchain, the wine health value chain will evolve to
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meet the demands of an increasingly health-conscious,
environmentally aware, and digitally connected consumer
base. Ultimately, the combination of innovation,
transparency, and sustainability will define the future of
the wine industry, making it a key player in the global
health and wellness sector.
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