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 Abstract. The oenology industry faces challenges in maintaining wine 
authenticity amidst diverse environmental factors and production methods. 
Electroanalytical wine fingerprinting emerges as a promising solution to 
authenticate and validate products. Integrating electrochemical techniques 
with multivariate analysis enables rapid on-site testing, pattern recognition, 
and fraud detection. Emerging trends include miniaturisation, nanomaterial 
utilisation, and machine learning, driving innovation towards sustainable 
practices. This overview describes current trends and achievements in 
using electroanalysis to fingerprint oenological products. 
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INTRODUCTION 

The oenology industry moves millions world-
wide and encompasses many technologies based 
on traditional and contemporary production 
methods. From the grape harvest to commercial-
ising finished products, wine commerce fosters 
jobs and revenue throughout its production 
chain. In this regard, the contribution of this in-
dustry to several populations around the world is 
remarkable, and wine has been intrinsically 
linked to regional tradition in numerous nations. 
Some noteworthy instances are the acknowl-
edged viniculture heritage of European countries, 
as well as the contribution of awarded African 
[1], Asian [2], Oceanian [3] and American [4] 
wineries to the oenological scenario worldwide. 

Overall, the organoleptic profile of wines is pretty 
variable according to edaphological and micro-
climate influences during grape growth. It has 
been reported that subtle variations in soil pH 
and humidity significantly affect wines' final fla-
vour and aroma profile [5]. Several feedback 

mechanisms depend on environmental condi-
tions, as proven elsewhere [6, 7], regulating the 
production of secondary metabolites. Likewise, 
wine astringency is deeply affected by mechanic 
disturbances on the plant, hence the role of poly-
phenolic compounds such as tannins in hindering 
the animal foraging of plant tissues. 

Although the chemical variability provided by 
plant secondary metabolism and its rich feed-
back mechanisms is noteworthy, the profound 
influence of fermentation and the production 
method must be mentioned on wine's chemical 
identity. Concerning the fermentation protocols 
usually employed by wine producers worldwide, 
selected strains or wild colonies are chosen ac-
cording to historical factors and industrial scala-
bility [8]. This last factor, in particular, considers 
various nutritional and microenvironmental re-
quirements of the strains, which must be careful-
ly addressed to standardise more significant 
production and avoid off-flavours that can tar-
nish wine quality. Fermentation is a critical point 
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in the production chain of many beverages and 
foods [9]. Regarding oenological products, it is 
usually conducted in two steps to improve the 
resulting aroma and taste. 

The first fermentation encompasses the con-
sumption of sugars by the microorganisms in the 
bioreactor and their controlled growth. Owing to 
the sudden spike in the amount of biomass in the 
must, there must be enough macro and micronu-
trients to sustain the balanced proliferation of 
selected strains and avoid those leading to foul 
aromas to thrive [10]. The first fermentation 
yields ethanol and several byproducts that con-
tribute to wine flavour and mouthfeel, such as 
malic acid, whose dicarboxylic nature strongly 
contributes to acidity [11]. To hinder this sharp 
flavour, many producers follow on with a second 
fermentation step, wherein malic acid will un-
dergo bioconversion to a monocarboxylic deriva-
tive, i.e., lactic acid. This process also contributes 
to managing the growth of microorganisms in the 
must and dramatically enhances the organoleptic 
complexity of oenological products. On the other 
hand, it lengthens the production time and raises 
the price of the final product. 

Another highly influential factor in the construc-
tion of wine aroma is ageing. The controlled age-
ing of oenological products has been subject to 
extensive investigation, as it is considered a sci-
ence and art [12]. In Italy, in particular, the cul-
ture of wine ageing led to the creation of a highly 
lucrative industry altogether, i.e., the balsamic 
vinegar (Italian: "aceto balsamico"), a Modena 
region staple in Emilia-Romagna. The ageing 
process involves many microenvironmental var-
iables: temperature and aeration. The last, in par-
ticular, needs to be maintained at deficient levels, 
i.e., micro aeration, so that a finely controlled ox-
idation of phenolic compounds may lead to their 
polymerisation, dramatically changing the 
product's organoleptic features. Overall, aged 
wines are darker, paler and less astringent than 
younger ones; hence, the tannins that would oth-
erwise promote astringency have now under-
gone polymerisation and are thence no longer 
able to extensively form complexes with salivary 
proteins and change oral osmolarity [13]. 

Considering the chemical complexity of wines 
and the variety of influences on the aroma and 
flavour of this product, legal frameworks were 
developed to ensure the authenticity of wines 
and link them to the particular organoleptic fea-
tures consistent with specific production regions 

and methods. In this regard, many countries 
adopted the denominations of controlled origin 
and indication of geographical origin to standard-
ise the classification of oenological products ac-
cording to their sourcing area [14]. Nevertheless, 
producers from the same region may have dis-
tinct products, and even the same producer may 
have contrasting wines according to crop and 
harvest variations, climate changes, and other 
factors. In this regard, the legal frameworks pro-
vide a valuable attempt to establish criteria to 
classify the authenticity of products but need to 
be backed by strategies that consider the varia-
bility within producing regions [15]. 

To all accounts, wine is a living product, which 
continues to evolve from the harvest of the grape 
until the very moment it is consumed. These 
characteristics make this beverage versatile and 
more likely to please more significant de-
mographics, as showcased by the widespread 
commercialisation of oenological products 
worldwide and the multimillion market in which 
moves [16]. On the other hand, this also evidenc-
es that the sheer chemical variety of wines leads 
to a somewhat subjective evaluation of their 
characteristics, which may lead to fraud that can 
incur massive financial losses [17]. Several mul-
timillion scam accounts involved making wine 
sook like legitimate products, and many custom-
ers were defrauded [18]. In this regard, there is 
an urge to develop authentication tools capable 
of fingerprinting wines according to their geo-
graphical origin, grape variety, vintage, and other 
identification parameters. 

 

RESULTS AND DISCUSSION 

Fingerprinting of oenological products. Due to 
wine industry revenue, the investigation of 
methods to authenticate and validate the origin 
of oenological products is a highly debated topic. 
To all accounts, the history and cultural tradition 
associated with particular wines dramatically 
raise their equity, leading to products that can 
reach millions in auctions. Conversely, the lack of 
portable technologies to verify the authenticity of 
these products in a point-of-need setting makes 
this industry very susceptible to scams [19]. 

Although numerous reports in the literature de-
tail the metabolomic and chemometric profiling 
of wines and their identity according to highly 
relevant attributes such as geographical origin 
and grape variety, these technologies are still re-
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stricted in terms of application [20]. Owing to the 
high cost and infrastructural requirements of 
mass spectrometry and spectroscopic devices, 
these techniques are relegated to costly oenolog-
ical products. They are unlikely to be applied for 
mass testing. Moreover, the very requirement of 
refined and large analytical instruments hinders 
portability. 

Regardless of the limitations in cost and portabil-
ity, the analysis of wines by standard techniques 
significantly contributed to a better understand-
ing of their chemical profiles and ways to classify 
their origin and quality according to the type and 
proportion of chemical constituents. Overall, 
wine authentication can be performed by as-
sessing mineral content, volatile metabolites, 
phenolic constituents, amino acid profile, isotopic 
ratios, and NA analysis [20]. Indeed, several out-
reaches employed organic and mineral profiling 
with refined multivariate analysis and classifica-
tion tools based on machine learning to establish 
objective thresholds for authenticity. Further-
more, some of these technologies even led to the 
development of innovative ways to assess wine 
quality. 

Electroanalysis for Wine Fingerprinting. In recent 
years, electroanalytical techniques have emerged 
as promising tools for the authentication and 
characterising oenology products [21]. These 
techniques, which encompass a variety of meth-
ods, including voltammetry and electrochemical 
impedance spectroscopy through electrochemi-
cal sensors, offer several advantages over tradi-
tional analytical methods. 

One of the critical advantages of electroanalysis 
is its simplicity and portability, making it suitable 
for on-site testing and rapid analysis [21]. Unlike 
mass spectrometry and spectroscopic tech-
niques, which often require expensive instru-
mentation and trained personnel, electroanalyti-
cal methods can be implemented using compact 
and relatively inexpensive devices. Some of these 
platforms were reported to reach values lower 
than $30 [22], highlighting their affordability in 
contrast with chromatographic devices. Another 
noteworthy point of electroanalysis is portability. 
This attribute is particularly advantageous for 
the wine industry, where performing real-time 
analysis directly in the vineyard or winery can 
facilitate quality control and, when performed at 
point-of-sale or auctions, could assist in fraud de-
tection. 

Voltammetry, in particular, has shown great 
promise for wine fingerprinting due to its ability 
to provide detailed information about the elec-
trochemical behaviour of wine components [23]. 
By measuring the current response as a function 
of applied potential, voltammetry can identify 
and quantify specific electroactive species pre-
sent in the sample [24]. This includes redox-
active compounds such as polyphenols, which 
are crucial in determining wine quality and au-
thenticity [25]. Polyphenols, abundant in various 
natural sources like fruits [26], vegetables [27], 
and beverages, have drawn considerable atten-
tion for their health benefits [28–30]. The struc-
ture of polyphenols has also been extensively 
used in the pharmaceutical industry as a building 
block for many medicines [31–33]. Voltammetry 
offers a promising method for their detection. In 
voltammetric analysis, polyphenols undergo oxi-
dation or reduction at specific potentials [34], 
producing characteristic electrochemical signals. 
By monitoring changes in current or potential 
during these reactions, voltammetry enables 
precise and selective detection of polyphenols, 
even in complex matrices [35]. Its high sensitivi-
ty, rapidity, and relatively low cost make volt-
ammetry a valuable tool for assessing polyphenol 
& antioxidant content in food, beverages, and 
biological samples, contributing to research in 
nutrition and medicine. 

Moreover, voltammetric techniques can be easily 
adapted to target specific analytes of interest, al-
lowing for selective detection of essential com-
pounds associated with geographical origin, 
grape variety, and production methods [23]. For 
example, cyclic voltammetry can characterise 
phenolic compounds' redox behaviour ], while 
differential pulse voltammetry can enhance sen-
sitivity and selectivity for trace analysis [37]. Fur-
thermore, voltammetry has been proven to allow 
susceptible and selective compound detection 
and is increasingly used in chemical and pharma-
ceutical industries for quality control [31, 38–40] 
and environmental monitoring [41–43]. 

In addition to voltammetry, electrochemical sen-
sors offer a promising approach to fingerprinting 
[33, 44]. These sensors, which typically consist of 
an electrode modified with a selective recogni-
tion element, can provide rapid and sensitive de-
tection of target analytes. By leveraging the 
unique electrochemical properties of wine com-
ponents, such as their redox activity and charge 
transfer kinetics, electrochemical sensors can 
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achieve high specificity and accuracy in wine 
analysis. 

Electroanalytical techniques offer a powerful ap-
proach to wine fingerprinting, providing rapid, 
sensitive, and selective analysis of oenological 
products [45]. By leveraging the electrochemical 
properties of wine components, these methods 
can facilitate quality control, fraud detection, and 
traceability throughout the production chain. As 
such, electroanalysis holds great promise for en-
suring the authenticity and integrity of wines in a 
global market characterised by increasing de-
mand and diverse consumer preferences. 

Integration of Electroanalytical Techniques with 
Multivariate Analysis. Integration with multivari-
ate analysis methods is highly beneficial to fully 
exploit the potential of electroanalytical tech-
niques for wine fingerprinting [46]. Multivariate 
analysis allows for the simultaneous interpreta-
tion of complex datasets containing information 
from multiple electrochemical measurements 
and complementary analytical techniques such 
as chromatography and spectroscopy. 

Principal component analysis (PCA) is one of the 
most commonly used multivariate analysis tech-
niques for wine authentication. PCA enables the 
visualisation of high-dimensional data by identi-
fying patterns and correlations among variables, 
thereby reducing the dimensionality of the da-
taset while preserving the most relevant infor-
mation [47]. By plotting samples in a lower-
dimensional space defined by principal compo-
nents (PCs), PCA can reveal similarities and dif-
ferences between wine samples based on their 
electrochemical profiles. Several works have de-
tailed the use of this technique to gather more 
insights into product development in several in-
dustries, such as unfermented consumer goods 
and pharmaceuticals[36, 48]. Furthermore, PCA 
can be combined with hierarchical clustering 
analysis (HCA) to classify wine samples into dis-
tinct groups or clusters based on their electro-
chemical characteristics. HCA utilises similarity 
measures to group samples with similar profiles 
together, providing insight into the underlying 
structure of the dataset. This approach can facili-
tate the identification of outliers and the detec-
tion of fraudulent or adulterated wines [49]. 

In addition to unsupervised methods like PCA 
and HCA, supervised classification techniques 
such as linear discriminant analysis and support 
vector machines can be employed to build pre-
dictive models for wine authentication. These 

techniques leverage labelled training data to 
learn discriminative features that distinguish be-
tween authentic and counterfeit wines, allowing 
for highly accurate classification of unknown 
samples [50]. These artificial intelligence strate-
gies have already established themselves in the 
medical and pharmaceutical industries, hence the 
possibility of thoroughly analysing complex da-
tasets and extracting classification parameters 
that allow disease diagnosis [51, 52]. Moreover, 
feature selection algorithms can be used to iden-
tify the most informative electrochemical varia-
bles for wine fingerprinting. By prioritising vari-
ables that contribute the most to the discrimina-
tion between wine samples, feature selection can 
enhance the efficiency and interpretability of the 
analysis. This can lead to more robust and relia-
ble authentication models capable of handling 
complex and heterogeneous datasets. 

Integrating electroanalytical techniques with 
multivariate analysis methods represents a pow-
erful approach to wine fingerprinting and au-
thentication [23]. By combining electrochemis-
try's analytical capabilities with multivariate 
analysis's data processing capabilities, this inte-
grated approach enables a comprehensive and 
objective assessment of wine authenticity, help-
ing to ensure consumer confidence and preserve 
the reputation of the oenological industry. 

Emerging Trends in Electroanalytical Wine Fin-
gerprinting. As the field of electroanalytical wine 
fingerprinting continues to evolve, several 
emerging trends are shaping this research area's 
future. These trends encompass technological 
advancements, methodological innovations, and 
interdisciplinary collaborations aimed at ad-
dressing key challenges and expanding the capa-
bilities of wine authentication and quality con-
trol. 

a) Miniaturisation and Portable Devices. One 
prominent trend is the miniaturisation of elec-
troanalytical devices and the development of 
portable instrumentation for on-site wine analy-
sis. Miniaturisation enables the integration of 
multiple sensing elements into compact and us-
er-friendly platforms, allowing for rapid and con-
venient testing in diverse settings such as vine-
yards, wineries, and distribution centres. Porta-
ble devices equipped with electrochemical sen-
sors and microfluidic systems offer real-time 
monitoring capabilities, empowering stakehold-
ers across the wine supply chain to make in-
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formed decisions about product quality and au-
thenticity [53]. 

b) Nanomaterials and Sensing Enhancements. 
Another trend involves the utilisation of nano-
materials and nanotechnology-based approaches 
to enhance the sensitivity, selectivity, and stabil-
ity of electrochemical sensors for wine finger-
printing [54, 55]. Nanomaterials such as carbon 
nanotubes, graphene, metal nanoparticles, and 
molecularly imprinted polymers exhibit unique 
electrochemical properties that can be leveraged 
to improve the performance of sensors for de-
tecting specific wine components. Nonetheless, 
all these techniques have been extensively sub-
jected to proof-of-concept through applications 
in fermented and unfermented consumer goods 
[45], pharmaceutical [35, 56–58], medical [59] 
and chemical industries, which highlights the 
benefits of designing recognition surfaces to en-
hance analytical response. 

c) Multimodal Sensing and Data Fusion. Multi-
modal sensing approaches, which combine mul-
tiple sensing modalities within a single analytical 
platform, are gaining traction for comprehensive 
wine analysis. By integrating electrochemical 
sensors with complementary techniques such as 
spectroscopy, chromatography, and mass spec-
trometry, multimodal sensing systems offer a ho-
listic view of wine composition and quality [54]. 
Data fusion techniques enable the integration of 
information from different sensors and analytical 
methods, enhancing the robustness and accuracy 
of wine fingerprinting models. Multimodal sens-
ing and data fusion facilitate synergistic analysis 
of wine samples, enabling comprehensive char-
acterisation of complex matrices and identifying 
subtle variations associated with geographical 
origin, grape variety, and production methods. 

d) Machine Learning and Artificial Intelligence. 
Advancements in machine learning and artificial 
intelligence are revolutionising the field of wine 
fingerprinting by enabling automated data analy-
sis, pattern recognition, and predictive modelling. 
Machine learning algorithms such as deep learn-
ing, random forests, and support vector ma-
chines can extract meaningful insights from large 
datasets, identify relevant features, and classify 
wine samples based on their electrochemical 
profiles. These algorithms learn from historical 
data to develop robust authentication models 
capable of detecting anomalies, predicting wine 
quality, and identifying counterfeit products with 
high accuracy and efficiency [47, 60]. 

e) Interdisciplinary Collaborations and 
Knowledge Integration. Interdisciplinary collab-
orations between researchers in chemistry, ma-
terial science, engineering, viticulture, and data 
science drive innovation in electroanalytical wine 
fingerprinting. By combining expertise from di-
verse disciplines, interdisciplinary teams can 
tackle complex challenges, develop novel sensing 
technologies, and elucidate fundamental rela-
tionships between wine composition, sensory 
properties, and production parameters. 
Knowledge integration across disciplines fosters 
a holistic understanding of wine authenticity and 
quality, paving the way for holistic solutions that 
address the multifaceted nature of wine analysis 
and authentication. In conclusion, the future of 
electroanalytical wine fingerprinting is charac-
terised by ongoing advancements in miniaturisa-
tion, nanotechnology, multimodal sensing, ma-
chine learning, and interdisciplinary collabora-
tion [17, 49, 54]. These trends promise to en-
hance the efficiency, accuracy, and accessibility of 
wine authentication and quality control, ulti-
mately ensuring consumer confidence, safe-
guarding industry integrity, and promoting sus-
tainability in the global wine market. 

 

CONCLUSIONS 

The oenological industry stands at the intersec-
tion of tradition and innovation, where centuries-
old winemaking practices merge with cutting-
edge technologies to produce exceptional quality 
and character wines. Throughout this review, we 
have explored the intricate nuances of wine pro-
duction on a high level, from the influence of ter-
roir on grape composition to the role of fermen-
tation and ageing in shaping wine aroma and fla-
vour profiles. The organoleptic complexity of 
wines arises from many factors, including envi-
ronmental influences, fermentation protocols, 
and ageing processes. As such, ensuring the au-
thenticity and quality of wines presents a multi-
faceted challenge that requires a comprehensive 
understanding of their chemical composition and 
sensory attributes. In response to these challeng-
es, electroanalytical wine fingerprinting has 
emerged as a powerful tool for authentication, 
quality control, and traceability in the wine in-
dustry. By leveraging electrochemical techniques 
such as voltammetry and impedance spectrosco-
py in customised electrochemical sensors, re-
searchers and producers can obtain detailed in-
sights into the composition and characteristics of 
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wines, enabling them to differentiate between 
authentic products and counterfeit imitations, as 
well as potentially harmful contaminants or adul-
teration. Moreover, integrating electroanalytical 
methods with advanced data analysis techniques 
such as multivariate analysis, machine learning, 
and blockchain technology has further enhanced 
the capabilities of wine fingerprinting, enabling 
real-time monitoring, predictive quality control, 
and transparent supply chain management. 

Looking ahead, the future of electroanalytical 
wine fingerprinting holds immense promise, 
driven by ongoing advancements in sensor tech-
nology, data analytics, and interdisciplinary col-
laboration. By harnessing the power of electro-

chemistry and embracing innovative approaches 
to wine analysis and quality assurance, the indus-
try can continue to uphold its reputation for ex-
cellence while meeting the evolving demands of 
consumers and regulatory authorities alike. In 
conclusion, electroanalytical wine fingerprinting 
represents a valuable tool for preserving the in-
tegrity and authenticity of wines, safeguarding 
the heritage of the oenological tradition, and en-
suring a sustainable future for the global wine 
industry. Through continued research, innova-
tion, and collaboration, we can unlock new pos-
sibilities in wine analysis and quality control, en-
riching the appreciation and enjoyment of this 
timeless beverage for generations to come. 

 

REFERENCES 

1. Piesse, J., Conradie, B., Thirtle, C., & Vink, N. (2018). Efficiency in wine grape production: comparing 
long‐established and newly developed regions of South Africa. Agricultural Economics, 49(2), 
203–212. doi: 10.1111/agec.12409 

2. Ho, H. K. (2021). Twenty-first Century Wine Consumption Trends in East Asia: History, Luxury and 
Transformation. Journal of Cultural Analysis and Social Change, 6(2), 12. doi: 
10.20897/jcasc/11450 

3. Ling, B.-H., & Lockshin, L. (2003). Components of Wine Prices for Australian Wine: How Winery 
Reputation, Wine Quality, Region, Vintage, and Winery Size Contribute to the Price of Varietal 
Wines. Australasian Marketing Journal, 11(3), 19–32. doi: 10.1016/s1441-3582(03)70132-3 

4. Hisano, A. (2017). Reinventing the American Wine Industry: Marketing Strategies and the 
Construction of Wine Culture. SSRN Electronic Journal. doi: 10.2139/ssrn.2966758 

5. Li, S.-Y., Duan, C.-Q., & Han, Z.-H. (2021). Grape polysaccharides: compositional changes in grapes and 
wines, possible effects on wine organoleptic properties, and practical control during winemaking. 
Critical Reviews in Food Science and Nutrition, 63(8), 1119–1142. doi: 
10.1080/10408398.2021.1960476 

6. Souza, M. J. M. de F., Thomaz, D. V., Kloppel, L. L., Carneiro, L. A., Rocha, M. C., Aguiar, D. V. A. de, Vaz, B. 
G., Sousa, C. M., & Santos, P. A. dos. (2021). Influence of organo-mineral supplementation on the 
production of secondary metabolites in in vitro-germinated Bromelia balansae Mez. Research, 
Society and Development, 10(11), e411101118052. doi: 10.33448/rsd-v10i11.18052 

7. Souza, M. J. M. de F., Thomaz, D. V., Carneiro, L. A., Aguiar, D. V. A. de, Vaz, B. G., Sousa, C. M., & Santos, 
P. A. dos. (2023). In vitro micropropagation of Bromelia balansae Mez.: effects of light intensity 
and growth regulators on plant development. Research, Society and Development, 12(3), 
e18212340518. doi: 10.33448/rsd-v12i3.40518 

8. Lambrechts, M. G., & Pretorius, I. S. (2019). Yeast and its Importance to Wine Aroma - A Review. South 
African Journal of Enology & Viticulture, 21(1). doi: 10.21548/21-1-3560 

9. Batista, R. D., de Cássia Sousa Mendes, D., Morais, C. C., Thomaz, D. V., Ramirez Ascheri, D. P., Damiani, 
C., & Asquieri, E. R. (2020). Physicochemical, functional and rheological properties of fermented 
and non-fermented starch from canary seed (Phalaris canariensis). Food Hydrocolloids, 99, 
105346. doi: 10.1016/j.foodhyd.2019.105346 

10. González, B., Vázquez, J., Morcillo-Parra, M. Á., Mas, A., Torija, M. J., & Beltran, G. (2018). The 
production of aromatic alcohols in non-Saccharomyces wine yeast is modulated by nutrient 
availability. Food Microbiology, 74, 64–74. doi: 10.1016/j.fm.2018.03.003 

https://doi.org/10.1111/agec.12409
https://doi.org/10.20897/jcasc/11450
https://doi.org/10.1016/s1441-3582(03)70132-3
https://doi.org/10.2139/ssrn.2966758
https://doi.org/10.1080/10408398.2021.1960476
https://doi.org/10.33448/rsd-v10i11.18052
https://doi.org/10.33448/rsd-v12i3.40518
https://doi.org/10.21548/21-1-3560
https://doi.org/10.1016/j.foodhyd.2019.105346
https://doi.org/10.1016/j.fm.2018.03.003


Path of Science. 2024. Vol. 10. No 3  ISSN 2413-9009 

Section “Technics”   6007 

11. Hidalgo, P., Pueyo, E., Pozo-Bayón, M. A., Martínez-Rodríguez, A. J., Martín-Álvarez, P., & Polo, M. C. 
(2004). Sensory and Analytical Study of Rosé Sparkling Wines Manufactured by Second 
Fermentation in the Bottle. Journal of Agricultural and Food Chemistry, 52(21), 6640–6645. doi: 
10.1021/jf040151b 

12. Carpena, M., Pereira, A. G., Prieto, M. A., & Simal-Gandara, J. (2020). Wine Aging Technology: 
Fundamental Role of Wood Barrels. Foods, 9(9), 1160. doi: 10.3390/foods9091160 

13. Santos, M. C., Nunes, C., Ferreira, A. S., Jourdes, M., Teissedre, P.-L., Rodrigues, A., Amado, O., Saraiva, 
J. A., & Coimbra, M. A. (2019). Comparison of high pressure treatment with conventional red wine 
aging processes: impact on phenolic composition. Food Research International, 116, 223–231. doi: 
10.1016/j.foodres.2018.08.018 

14. Ramos Camfield, L. H., Palma Révillion, J. P., Wagner, S. A., Giacomazzi, C. M., & Kindlein, L. (2018). 
Indicação Geográfica E Atributos Das Regiões De Origem No Comportamento Do Consumidor De 
Vinhos: Uma Revisão Sistemática Da Literatura. Revista Em Agronegócio e Meio Ambiente, 11(2), 
663. doi: 10.17765/2176-9168.2018v11n2p663-681 

15. Maher, M. (2001). On Vino Veritas? Clarifying the Use of Geographic References on American Wine 
Labels. California Law Review, 89(6), 1881. doi: 10.2307/3481251 

16. Jorge, O., Pons, A., Rius, J., Vintró, C., Mateo, J., & Vilaplana, J. (2020). Increasing online shop revenues 
with web scraping: a case study for the wine sector. British Food Journal, 122(11), 3383–3401. 
doi: 10.1108/bfj-07-2019-0522 

17. Holmberg. (2010). Wine fraud. International Journal of Wine Research, 105. doi: 
10.2147/ijwr.s14102 

18. Romano, D., Rocchi, B., Sadiddin, A., Stefani, G., Zucaro, R., & Manganiello, V. (2021). A SAM-Based 
Analysis of the Economic Impact of Frauds in the Italian Wine Value Chain. Italian Economic 
Journal, 7(2), 297–321. doi: 10.1007/s40797-020-00137-w 

19. Chui, L., & Pike, B. (2013). Auditors' Responsibility for Fraud Detection: New Wine in Old Bottles? 
Journal of Forensic & Investigative Accounting, 5(1), 204–233. 

20. Markopoulos, T., Stougiannidou, D., Kontakos, S., & Staboulis, C. (2023). Wine Quality Control 
Parameters and Effects of Regional Climate Variation on Sustainable Production. Sustainability, 
15(4), 3512. doi: 10.3390/su15043512 

21. Kilmartin, P. A. (2016). Electrochemistry applied to the analysis of wine: A mini-review. 
Electrochemistry Communications, 67, 39–42. doi: 10.1016/j.elecom.2016.03.011 

22. Thomaz, D. V., Contardi, U. A., Morikawa, M., & Santos, P. A. dos. (2021). Development of an 
affordable, portable and reliable voltametric platform for general purpose electroanalysis. 
Microchemical Journal, 170, 106756. doi: 10.1016/j.microc.2021.106756 

23. Gabel, B. (2019). Wine origin authentication linked to terroir – wine fingerprint. BIO Web of 
Conferences, 15, 02033. doi: 10.1051/bioconf/20191502033 

24. Vieira Thomaz, D. (2021). Thermodynamics and Kinetics of Camellia sinensis Extracts and 
Constituents: An Untamed Antioxidant Potential. Bioactive Compounds in Nutraceutical and 
Functional Food for Good Human Health. doi: 10.5772/intechopen.92813 

25. Basalekou, M., Kallithraka, S., Tarantilis, P. A., Kotseridis, Y., & Pappas, C. (2019). Ellagitannins in 
wines: Future prospects in methods of analysis using FT-IR spectroscopy. LWT, 101, 48–53. doi: 
10.1016/j.lwt.2018.11.017 

26. Thomaz, D. V., Couto, R. O., de Oliveira Roberth, A., Oliveira, L. A. R., de Siqueira Leite, K. C., de Freitas 
Bara, M. T., Ghedini, P. C., Bozinis, M. C. V., Lobón, G. S., de Souza Gil, E., & Machado, F. B. (2018). 
Assessment of Noni (Morinda citrifolia L.) Product Authenticity by Solid State Voltammetry. 
International Journal of Electrochemical Science, 13(9), 8983–8994. doi: 10.20964/2018.09.390 

https://doi.org/10.1021/jf040151b
https://doi.org/10.3390/foods9091160
https://doi.org/10.1016/j.foodres.2018.08.018
https://doi.org/10.17765/2176-9168.2018v11n2p663-681
https://doi.org/10.2307/3481251
https://doi.org/10.1108/bfj-07-2019-0522
https://doi.org/10.2147/ijwr.s14102
https://doi.org/10.1007/s40797-020-00137-w
http://web.nacva.com/JFIA/Issues/JFIA-2013-1_9.pdf
https://doi.org/10.3390/su15043512
https://doi.org/10.1016/j.elecom.2016.03.011
https://doi.org/10.1016/j.microc.2021.106756
https://doi.org/10.1051/bioconf/20191502033
https://doi.org/10.5772/intechopen.92813
https://doi.org/10.1016/j.lwt.2018.11.017
https://doi.org/10.20964/2018.09.390


Path of Science. 2024. Vol. 10. No 3  ISSN 2413-9009 

Section “Technics”   6008 

27. Thomaz, D. V., Leite, K. C. de S., Moreno, E. K. G., Garcia, L. F., Alecrim, M. F., de Macedo, I. Y. L., 
Caetano, M. P., de Carvalho, M. F., Machado, F. B., & Gil, E. de S. (2018). Electrochemical study of 
commercial black tea samples. International Journal of Electrochemical Science, 13(6). doi: 
10.20964/2018.06.55 

28. Moreno, E. K. G., Thomaz, D. V., Machado, F. B., Leite, K. C. de S., Rodrigues, E. S. B., Fernandes, M. A., 
de Carvalho, M. F., de Oliveira, M. T., Caetano, M. P., Peixoto, C. E. da C., Isecke, B. G., Gil, E. de S., & 
de Macedo, I. Y. L. (2019). Antioxidant study and electroanalytical investigation of selected herbal 
samples used in folk medicine. International Journal of Electrochemical Science, 14(1). doi: 
10.20964/2019.01.82 

29. de Oliveira, T. S., Thomaz, D. V., Neri, H. F. da S., Cerqueira, L. B., Garcia, L. F., Gil, H. P. V., Pontarolo, R., 
Campos, F. R., Costa, E. A., dos Santos, F. C. A., Gil, E. de S., & Ghedini, P. C. (2018). Neuroprotective 
effect of caryocar brasiliense camb. leaves is associated with anticholinesterase and antioxidant 
properties. Oxidative Medicine and Cellular Longevity, 2018. doi: 10.1155/2018/9842908 

30. Thomaz, D. V., Peixoto, L. F., de Oliveira, T. S., Fajemiroye, J. O., Neri, H. F. da S., Xavier, C. H., Costa, E. 
A., dos Santos, F. C. A., Gil, E. de S., & Ghedini, P. C. (2018). Antioxidant and Neuroprotective 
Properties of Eugenia dysenterica Leaves. Oxidative Medicine and Cellular Longevity, 2018. doi: 
10.1155/2018/3250908 

31. Thomaz, D. V., de Oliveira, M. T., Lobón, G. S., da Cunha, C. E. P., Machado, F. B., Moreno, E. K. G., Leite, 
K. C. de S., Ballaminut, N., Alecrim, M. F., de Carvalho, M. F., Isecke, B. G., de Macedo, I. Y. L., do 
Couto, R. O., Rodrigues, E. S. B., Carvalho, L. A. de F., & Avila, L. F. (2018). Development of Laccase-
TiO2@carbon paste biosensor for voltammetric determination of paracetamol. International 
Journal of Electrochemical Science, 13(11). doi: 10.20964/2018.11.61 

32. Rodrigues, E. S. B., de Macedo, I. Y. L., Lima, L. L. da S., Thomaz, D. V., da Cunha, C. E. P., de Oliveira, M. 
T., Ballaminut, N., Alecrim, M. F., de Carvalho, M. F., Isecke, B. G., Leite, K. C. de S., Machado, F. B., 
Guimarães, F. F., Menegatti, R., Somerset, V. S., & Gil, E. de S. (2019). Electrochemical 
characterisation of central action tricyclic drugs by voltammetric techniques and density 
functional theory calculations. Pharmaceuticals, 12(3). doi: 10.3390/ph12030116 

33. Moreira, L. K. da S., Silva, R. R., Silva, D. M. da, Mendes, M. A. S., Brito, A. F. de, Carvalho, F. S. de, Sanz, 
G., Rodrigues, M. F., Silva, A. C. G. da, Thomaz, D. V., Oliveira, V. de, Vaz, B. G., Lião, L. M., Valadares, 
M. C., Gil, E. de S., Costa, E. A., Noël, F., & Menegatti, R. (2022). Anxiolytic- and antidepressant-like 
effects of new phenylpiperazine derivative LQFM005 and its hydroxylated metabolite in mice. 
Behavioural Brain Research, 417. doi: 10.1016/j.bbr.2021.113582 

34. Alves, C. B., Rodrigues, E. S. B., Thomaz, D. V., Filho, A. M. de A., Gil, E. de S., & do Couto, R. O. (2020). 
Correlation of polyphenol content and antioxidant capacity of selected teas and tisanes from 
Brazilian market. Brazilian Journal of Food Technology, 23. doi: 10.1590/1981-6723.03620 

35. Contardi, U. A., Morikawa, M., & Thomaz, D. V. (2020). Redox Behavior of Central-Acting Opioid 
Tramadol and Its Possible Role in Oxidative Stress. Medical Sciences Forum, 2(1). doi: 
10.3390/cahd2020-08557 

36. Thomaz, D. V., & dos Santos, P. A. (2021). Redox Behavior and Radical Scavenging Capacity of 
Hepatoprotective Nutraceutical Preparations. Current Nutraceuticals, 02. doi: 
10.2174/2665978602666210615110653 

37. Thomaz, D. V., Couto, R. O., Goldoni, R., Malitesta, C., Mazzotta, E., & Tartaglia, G. M. (2022). Redox 
Profiling of Selected Apulian Red Wines in a Single Minute. Antioxidants, 11(5), 859. doi: 
10.3390/antiox11050859 

38. da Cunha, C. E. P., Rodrigues, E. S. B., Alecrim, M. F., Thomaz, D. V., de Macedo, I. Y. L., Garcia, L. F., 
Neto, J. R. de O., Moreno, E. K. G., Ballaminut, N., & Gil, E. de S. (2019). Voltammetric evaluation of 
diclofenac tablets samples through carbon black-based electrodes. Pharmaceuticals, 12(2). doi: 
10.3390/ph12020083 

https://doi.org/10.20964/2018.06.55
https://doi.org/10.20964/2019.01.82
https://doi.org/10.1155/2018/9842908
https://doi.org/10.1155/2018/3250908
https://doi.org/10.20964/2018.11.61
https://doi.org/10.3390/ph12030116
https://doi.org/10.1016/j.bbr.2021.113582
https://doi.org/10.1590/1981-6723.03620
https://doi.org/10.3390/cahd2020-08557
https://doi.org/10.2174/2665978602666210615110653
https://doi.org/10.3390/antiox11050859
https://doi.org/10.3390/ph12020083


Path of Science. 2024. Vol. 10. No 3  ISSN 2413-9009 

Section “Technics”   6009 

39. Garcia, L. F., da Cunha, C. E. P., Moreno, E. K. G., Thomaz, D. V., Lobón, G. S., Luque, R., Somerset, V. S., 
& Gil, E. de S. (2018). Nanostructured TiO2 carbon paste based sensor for determination of 
methyldopa. Pharmaceuticals, 11(4). doi: 10.3390/ph11040099 

40. de Macedo, I. Y. L., Alecrim, M. F., Neto, J. R. de O., Torres, I. M. S., Thomaz, D. V., & Gil, E. de S. (2020). 
Piroxicam voltammetric determination by ultra low cost pencil graphite electrode. Brazilian 
Journal of Pharmaceutical Sciences, 56. doi: 10.1590/s2175-97902019000317344 

41. Morais, R. L., Garcia, L. F., Thomaz, D. V., Lobón, G. S., Rodrigues, M. F., Vaz, B. G., Caetano, M. P., 
Medrado, L. C. de L., Nunes, E. S., dos Santos, C. G., Avila, L. F., de Souza, K. M., Vieira, R. P., & Gil, E. 
de S. (2016). Electrochemical removal of algestone acetophenide and estradiol enanthate in real 
industrial wastewater. International Journal of Electrochemical Science, 14(6). doi: 
10.20964/2019.04.42  

42. Morais, R. L., Garcia, L. F., Moreno, E. K. G., Thomaz, D. V., Rodrigues, L. de B., Brito, L. B., Lobón, G. S., 
de Oliveira, G. A. R., Rodrigues, M. F., Vaz, B. G., & Gil, E. de S. (2019). Electrochemical remediation 
of industrial pharmaceutical wastewater containing hormones in a pilot scale treatment system. 
Eclética Química Journal, 44(1). doi: 10.26850/1678-4618eqj.v44.1.2019.p40-52 

43. Antunes, R. S., Ferraz, D., Garcia, L. F., Thomaz, D. V., Luque, R., Lobón, G. S., Gil, E. de S., & Lopes, F. M. 
(2018). Development of a polyphenol oxidase biosensor from Jenipapo fruit extract (Genipa 
americana L.) and determination of phenolic compounds in textile industrial effluents. Biosensors, 
8(2). doi: 10.3390/bios8020047 

44. Leite, K. C. de S., Garcia, L. F., Lobón, G. S., Thomaz, D. V., Moreno, E. K. G., de Carvalho, M. F., Rocha, M. 
L., dos Santos, W. T. P., & Gil, E. de S. (2018). Antioxidant activity evaluation of dried herbal 
extracts: an electroanalytical approach. Revista Brasileira de Farmacognosia, 28(3). doi: 
10.1016/j.bjp.2018.04.004 

45. Pisoschi, A. M., Pop, A., Negulescu, G. P., & Pisoschi, A. (2011). Determination of ascorbic acid content 
of some fruit juices and wine by voltammetry performed at pt and carbon paste electrodes. 
Molecules, 16(2). doi: 10.3390/molecules16021349 

46. Cozzolino, D., Cynkar, W. U., Shah, N., Dambergs, R. G., & Smith, P. A. (2009). A brief introduction to 
multivariate methods in grape and wine analysis. International Journal of Wine Research, 1(1). doi: 
10.2147/IJWR.S4585 

47. Barth, J., Katumullage, D., Yang, C., & Cao, J. (2021). Classification of Wines Using Principal 
Component Analysis. Journal of Wine Economics, 16(1). doi: 10.1017/jwe.2020.35 

48. Thomaz, D. V., Contardi, U. A., Santos, P. A., & Couto, R. O. (2022). Natural or synthetic? Classification 
of common preservatives in food and drug industry by artificial intelligence. Brazilian Journal of 
Health and Pharmacy, 4(2), 43–61. doi: 10.29327/226760.4.2-4 

49. Stój, A., Czernecki, T., Domagała, D., & Targoński, Z. (2017). Comparative characterisation of volatile 
profiles of French, Italian, Spanish, and Polish red wines using headspace solid-phase 
microextraction/gas chromatography-mass spectrometry. International Journal of Food 
Properties, 20. doi: 10.1080/10942912.2017.1315590 

50. Atwal, G., Bryson, D., & Williams, A. (2021). An exploratory study of the adoption of artificial 
intelligence in Burgundy's wine industry. Strategic Change, 30(3). doi: 10.1002/jsc.2413 

51. Contardi, U. A., Scalassara, P. R., & Thomaz, D. V. (2022). Benign and Malign Breast Cancer 
Classification Using Support Vector Machines Optimised with Particle Swarm and Genetic 
Algorithms. Learning and Non-Linear Models, 20(2), 21–23. doi: 10.21528/lnlm-vol20-no2-art2 

52. Contardi, U. A., Morikawa, M., Brunelli, B., & Thomaz, D. V. (2022). MAX30102 Photometric 
Biosensor Coupled to ESP32-Webserver Capabilities for Continuous Point of Care Oxygen 
Saturation and Heartrate Monitoring. Engineering Proceedings, 16(1). doi: 10.3390/IECB2022-
11114 

https://doi.org/10.3390/ph11040099
https://doi.org/10.1590/s2175-97902019000317344
https://doi.org/10.20964/2019.04.42
https://doi.org/10.26850/1678-4618eqj.v44.1.2019.p40-52
https://doi.org/10.3390/bios8020047
https://doi.org/10.1016/j.bjp.2018.04.004
https://doi.org/10.3390/molecules16021349
https://doi.org/10.2147/IJWR.S4585
https://doi.org/10.1017/jwe.2020.35
https://doi.org/https:/doi.org/10.29327/226760.4.2-4
https://doi.org/10.1080/10942912.2017.1315590
https://doi.org/10.1002/jsc.2413
https://doi.org/10.21528/lnlm-vol20-no2-art2
https://doi.org/10.3390/IECB2022-11114
https://doi.org/10.3390/IECB2022-11114


Path of Science. 2024. Vol. 10. No 3  ISSN 2413-9009 

Section “Technics”   6010 

53. Kotani, A., Kusu, F., Takamura, K., & Hakamata, H. (2020). Review – A Portable Voltammetric Sensor 
for Determining Titratable Acidity in Foods and Beverages. Journal of The Electrochemical Society, 
167(3). doi: 10.1149/2.0172003jes 

54. Wang, J., Zhu, L., Zhang, W., & Wei, Z. (2019). Application of the voltammetric electronic tongue 
based on nanocomposite modified electrodes for identifying rice wines of different geographical 
origins. Analytica Chimica Acta, 1050. doi: 10.1016/j.aca.2018.11.016 

55. AntunoviĆ, V., TRIPKOVIĆ, T., TomaŠeviĆ, B., BaoŠiĆ, R., JeliĆ, D., & LoliĆ, A. (2021). Voltammetric 
Determination of Lead and Copper in Wine by Modified Glassy Carbon Electrode. Analytical 
Sciences, 37(2). doi: 10.2116/ANALSCI.20P302 

56. Thomaz, D. V., & dos Santos, P. A. (2021). Electrochemical behavior of Methotrexate upon binding to 
the DNA of different cell lines. The 1st International Electronic Conference on Cancers. doi: 
10.3390/iecc2021-09215 

57. Ferraz, D., Thomaz, D. V., Antunes, R. S., & Lopes, F. M. (2021). Development of a low-cost 
colorimetric paper-based spot test for the environmental monitoring of phenolic pollutants. 
Environmental Challenges, 4, 1–6. doi: 10.1016/j.envc.2021.100128 

58. Antunes, R. S., Thomaz, D. V., Garcia, L. F., Gil, E. de S., & Lopes, F. M. (2021). Development and 
optimisation of solanum lycocarpum polyphenol oxidase-based biosensor and application 
towards paracetamol detection. Advanced Pharmaceutical Bulletin, 11(3). doi: 
10.34172/apb.2021.054 

59. Thomaz, D. V., Goldoni, R., Tartaglia, G. M., Malitesta, C., & Mazzotta, E. (2022). Effect of Recombinant 
Antibodies and MIP Nanoparticles on the Electrical Behavior of Impedimetric Biorecognition 
Surfaces for SARS-CoV-2 Spike Glycoprotein: A Short Report. Electrochem, 3(3), 538–548. doi: 
10.3390/electrochem3030037 

60. Poggesi, S., de Matos, A. D., Longo, E., Chiotti, D., Pedri, U., Eisenstecken, D., Robatscher, P., & Boselli, 
E. (2021). Chemosensory profile of south tyrolean pinot blanc wines: A multivariate regression 
approach. Molecules, 26(20). doi: 10.3390/molecules26206245 

 

 

https://doi.org/10.1149/2.0172003jes
https://doi.org/10.1016/j.aca.2018.11.016
https://doi.org/10.2116/ANALSCI.20P302
https://doi.org/10.3390/iecc2021-09215
https://doi.org/10.1016/j.envc.2021.100128
https://doi.org/10.34172/apb.2021.054
https://doi.org/10.3390/electrochem3030037
https://doi.org/10.3390/molecules26206245

