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Pregnancy is an event that affects and modifies

the various systems of the female organism,

especially the digestive system. The effects of

these changes can also manifest themselves

through small discomforts or annoyances that

appear during the nine months and almost

always resolve themselves spontaneously after

birth.

These certainly include changes in the sense of

taste and smell, which, together with nausea,

vomiting, profuse salivation, heartburn and

changes in appetite, is one of the most

immediately recognisable signs that conception

has taken place. From the very first days of

pregnancy, it may happen to find unbearable

smells that a few weeks before did not cause any

negative sensations or even turned out to be

very pleasant: this seems to apply especially to

the smells of coffee, tobacco, meat and fish.

Something very similar also happens to the sense of

taste, which, as it becomes more receptive and

sensitive, often tends to alter the sensation one had

experienced up to that moment when eating a food

that, suddenly, may seem different and perhaps no

longer pleasing. 

Finally, the situation is frequently made worse by

the appearance of a metallic taste in the mouth,

another rather common phenomenon during the

nine months and often of very early onset during

pregnancy: a bad taste in the mouth, accompanied

by little or, on the contrary, abundant salivation and

total disgust towards certain foods.
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Altered taste in pregnancy is called dysgeusia, a

medical term for the perception of a metallic

taste in the mouth from the first trimester of

pregnancy onwards. It is a sensation that mainly

involves the palate. Most often it is felt most

strongly after drinking a glass of water, causing a

strange bitter aftertaste. Many mothers-to-be

report the sensation of coins in their mouths: it

is no coincidence that the dysgeusia is called

'metal mouth'.

It is above all the increase in the concentration

of estrogen in a woman's blood, aimed at

adapting her body to accommodate and develop

the foetus, that causes among other effects this

sensitisation of taste and smell, which become

finer and sharper, thus affecting the perception

of taste and smell. 

According to some research, the metallic taste in

the mouth is a typical sign of pregnancy and

serves to guide the mother in choosing foods that

are good for the baby, protecting it from harmful

foods.  Another culprit of a bitter mouth during

pregnancy is progesterone, the female hormone

that increases after conception, which is always

responsible for creating an ideal environment to

welcome and develop the foetus.



In addition, important changes occur in the secretion of hydrochloric acid (a substance produced

in the stomach to aid digestion), which seems to be reduced during the nine months compared to

the norm and, to compensate for this deficiency, the organism manifests a greater predisposition

towards more acidic foods that were not necessarily appreciated before conception. At the same

time, there is a slowdown in the physiological peristalsis of the gastrointestinal tract, which

amplifies the sensations related to the decrease in hydrochloric acid: both effects are always due

to progesterone. 

To temporarily eliminate the metallic taste, vinegar-based foods, such as pickles, but also those

with ginger, chips with salt, green apples, bicarbonate of soda, acidic and spicy dishes, and salt-

and-water solutions can be particularly useful. Among soft drinks, those made from oranges and

lemons are preferable. 

Last but not least, it can be helpful to maintain good oral hygiene, using a mint mouthwash and

chewing sugar-free gum. Usually dysgeusia fades away from the second trimester onwards, as the

hormones stabilise during this period, the metallic taste sensation diminishes and ends

completely with the approach of childbirth.

Feeling a bitter mouth during pregnancy is a rather common condition in this particular period of

a woman's life, and it is often associated with the annoying pregnancy nausea. It often happens

that a pregnant woman prefers to stop eating or drinking foods and drinks that she used to enjoy.

At the same time, it happens that she feels the desire for new and different tastes, or eats with

taste foods that were previously avoided at all. 

What to do:

- Take care of your diet, choose digestible foods, always ensure a nutritional balance, distribute

macronutrients in the various meals.

- Keep metabolic and digestive disorders under control.

- Take care of oral hygiene by brushing your teeth after all meals, flossing and using mouthwash.

- Avoid taking medication during pregnancy unless prescribed by your doctor.

- Reduce nervous stress levels that may affect digestion or stomach acidity.

- Practise light motor activity such as yoga.

In addition to all the good habits just mentioned, to defeat the bitter taste in your mouth during

pregnancy, you can add half a teaspoon of baking soda to your toothbrush before applying

toothpaste. Baking soda, like lemon, can facilitate digestion.

Poor digestion and gastroesophageal reflux are very common in this so-called paraphysiological

condition: they are due to hormonal and anatomical changes in the digestive system and may be

two other causes of bitter mouth.
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Pregnancy is a wonderful time for a woman, full of changes, often very much desired, but also

represented by complex physical and psychological consequences that accompany the

modification of the pregnant woman's body during the nine months.

 Nutritional support, through adequate and customised dietary plans, is proving to be a

valuable ally of the pregnant woman; ensuring a correct lifestyle is, along with nutrition,

fundamental to improving the symptoms common to this period and the entire course of

gestation. 

A correct diet will also be fundamental from an emotional point of view for the woman, as well

as a physical one, promoting the maintenance of a balance throughout the entire period of

pregnancy in which everything must be aimed at guaranteeing wellbeing for the mother-to-be

and the unborn child.

From a nutritional point of view, it has been shown that a diet rich in fiber, an increased

intake of water during the day, and daily exercise can greatly improve the situation. It is

generally recommended to eat small meals several times a day and follow a diet rich in

protein and complex carbohydrates (such as whole meal bread, pasta, bananas and green leafy

vegetables).

A promising strategy could therefore be to encourage the pregnant woman to choose healthy,

high-fibers foods, avoiding those foods that can worsen nausea (sweets, spices, chocolate,

fatty foods, coffee, excessive protein consumption) and favouring plant foods and foods with a

low glycaemic index.

Pregnancy is an important time to learn to make positive changes in diet and quality of life.

Appropriate nutritional support helps to carry out this change in a rational manner in order

to produce maximum benefit. 

We can conclude by stating that we might consider a possible role for Virtuous in the future

of pregnant women.

Given the complexity and variability of the problem we have discussed in this article, which

can take on infinite modes of presentation in women (and even vary from pregnancy to

pregnancy in the same subject); given the multifactorial and still not completely understood

origins of symptoms, especially variations in the sense of taste and all that accompanies this

symptom, we can state that ARTIFICIAL INTELLIGENCE-based methods that allow us to study

the mechanisms of taste perception (understood precisely as a multifactorial property) could

help us in the future to better understand the mechanisms underlying these manifestations

and the numerous main variables that could trigger them. 

Studies on a very large sample of pregnant women could bring to light very interesting data

with specific clinical variables that will certainly tend to be repeated from woman to woman

and that could then help us design personalised diets based on precise food combinations

according to the principles of precision nutrition, thus selectively helping a pregnant

woman's needs.  We could then develop applications that, based on the characteristics of the

person and their ailments, will be able to define a combination of foods that is correct for

that person in order to alleviate, if not resolve, their symptoms.

We are currently talking about a futuristic approach, but one that is absolutely feasible,

especially thanks to the huge amount of data that could be gathered on pregnant women

through wide-ranging studies. 

Virtuous technologies could also be used in this wonderful field of application.
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V I R T U O U S  E V E N T S :
T H E  F I R S T  T H R E E  Y E A R S  O F  T H E  P R O J E C T
 Here we present part of the newly established Virtuous report summarizing the first

three years of the project:

 

Virtual tongue to predIct the oRganoleptic profile of
mediterranean IngredienTs and their effect on hUman
hOmeostasis by means of an integrated compUtational

multiphysicS platform
 

Grant Agreement: 872181

Project Acronym: VIRTUOUS 

 

Support for training and career development of researchers (Marie Curie)

Research and Innovation Staff Exchange (RISE)

H2020 – MSCA – RISE – 2019

 

WP2 – “Project Management”

Deliverable D.1.3 (D8)

“Progress Report Year 3”

Describe the general scientific progress of the action during the period
covered by this report (including by giving qualitative indicators and by
describing deliverables and milestones achieved)

During the project third year, several research activities related to the three

Scientific WPs (WP2, WP3, and WP4) have been developed.

The main challenge of WP2 was the definition and implementation of the VIRTUOUS

language infrastructure with its processing elements, networking and interaction in

the cloud based/distributed system. To this end, the requirements of the VIRTUOUS

algorithms and all methods and tools for their development were analyzed. 

The backend and frontend were then developed. Finally, the algorithms developed in

WP3 were integrated.

The activities of the last year will be devoted to refinement and integration of the

last predictors still under development in WP3. However, it is possible to say that

WP2 has done most of the activities. The WP will remain open to support WP4, to

refine the front-end during the algorithm implementation and for the testbed part

that will take place in the first part of 2023. The VIRTUOUS platform has been

presented at the 2nd VIRTUOUS Tok. Moreover, a preliminary version with limited

functionality is available at https://my.virtuoush2020.com/

 

https://my.virtuoush2020.com/
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The main challenge of WP3 was the implementation of a comprehensive set of

computational simulation engines to study ligand-protein interaction properties and

protein-protein networks. 

WP3 scientific activities developed during the third year included the development and

refinement of molecular-level models of sweet, bitter, sour, umami and salty. Currently,

these models are being used to study the affinity of small molecules to develop a

screening platform that has the ability to discriminate co prediction models were

developed during WP3 and integrated in the VIRTUOUS platform. The sour and salty

taste predictors are being completed and will be implemented on the VIRTUOUS platform

by early 2023.

WP3 activity has been extensively presented during the 2nd VIRTUOUS Tok. Main results

of 2023 have been already published in several articles (please see the complete list of

VIRTUOUS papers).

WP4 main scientific activity developed during the third year concerned the chemical

analysis of olive oil, classification, and rationalization of olive oil chemical data. Several

oil samples with associated biochemical characterization have been processed. The

chemical and physical analysis and experimental data have been used as input for

activities in WP2 and WP3 e.g., to train and validate machine learning predictors for oil

quality (virgin, extra-virgin, etc…) starting from fluorescence and spectroscopic data

with a portable sensor.

WP3 activities have been extensively presented during the 2nd VIRTUOUS Tok. Main

results have been published in several articles (more specifically papers 3, 6, 13).

Moreover, during the third year, the virtuous consortium designed the validation

methodology of the VIRTUOUS platform. The validation will start in 2023 and will allow

testing and improvement of taste prediction algorithms through a continuous feedback

loop between validation data and predictor refinement. In addition, the end users (AYP,

UGR, and KTH) will try using the platform and provide feedback on the usability of the

platform. 
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Indicate how the ethical issues have been addressed during the period

covered by this report and mention all the approvals/authorisations

already provided to the REA (if applicable). 

The action tasks described under GA n. 872181-VIRTUOUS, concerns human involvement for

data recruitment only with specific reference to “oil and wine organoleptic profile tests”,

where oil an wine used for organoleptic profiles tests are food already in the market, hence

there is not any risk for human safety. VIRTUOUS Project is in concordance with the

fundamental ethical principles, including those reflected in the Charter of Fundamental

Rights of the European Union[1] and the relevant ethics rules of H2020. Regulation (EU)

2016/6791[2], the European Union’s ('EU') new General Data Protection Regulation (‘GDPR’),

will be considered. Participation in the tasting is voluntary and no compensation will be

offered. The participants can withdraw themselves from the study any time following the

signing of informed consent. The informed consent will follow the principle of “well informed

and free decision”. The informed consent will explain the purpose of the study, the duration

of the project and the procedures involved including, discomfort, or benefit. Besides,

information of the project about its responsible and contact people and funding will be

provided. Special focus will be in securing patient’s confidentiality, anonymity and sample

storage throughout the project and the patient will be informed what will happen to the data

and samples at the end of the project and how to proceed in case of incidental findings. Also

contact information will be provided to every participant. The VIRTUOUS Project will

consider checking the personal data and process, the purpose for which do it and on which

legal basis, inform the participants when their personal data is collected, keep the personal

data for only as long as necessary, secure the personal data that will be processing, keep

documentation on your data processing activities.

Moreover, concerning Tasting Panels minor issues or even no issues may be expected. 

In case further planned VIRTUOUS activities are in danger of raising any ethical issues, it is

worth highlighting that WP6 (Ethical Issues) will remain open till the end of the project. 

The active WP6 will allow for a continuous check concerning possible ethical issues and

activities related to ethics committee opinions and approvals.

[1] Charter of Fundamental Rights of the European Union, 2000/C 364/01,

http://www.europarl.europa.eu/charter/pdf/text_en.pdf

[2] Regulation (EU) 2016/679 of the European Parliament and of the Council of  27 April 2016

on the protection of natural persons with regard to the processing of personal data and on

the free movement of such data, and repealing Directive 95/46/EC (General Data Protection

Regulation),https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?

uri=CELEX:32016R0679&from=ES

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0679&from=ES


 

Kick-off meeting: Team building Prokect presentation: roles, interactions, schedules, 

 Competence analysis  (POLITO, Italy) 

First Tok Workshop: Computational Moldelling in compound, design from structure to

function in the field of nutritional supplements and diet  (INSYB, Greece)

Mid Term Workshop: Strengthen synergies evaluation  (ISI, Greece)

2nd VIRTUOUS ToK: Platform Evaluation and Demo Presentation

Joint Meetings

     Machine learning meets molecular dynamics for taste prediction

In this last workshop, recent developments in the VIRTUOUS project have been presented,

ranging from new algorithms for advanced modelling simulation, machine learning tools to

identify the most relevant descriptors affecting compounds’ taste, and standardized

procedures for sensory analysis of virgin olive oils. New results on application of artificial

intelligence for quality assessment of extra-virgin olive oil from fluorescence spectrum

has been shown. Finally, a first DEMO of the Virtuous platform has been presented.

The workshop was held in a hybrid mode, both in person and by remote access. More than

50 people we present at the workshop with both ER and ESR coming from all partner

Institutions.

Information about the speakers and program can be found at the workshop page

(https://virtuoush2020.com/events/second-tok/) from which the program with details

of the talks and speaker profiles can be downloaded.  Presentations made on the state of

the art of the VIRTUOUS project and the VIRTUOUS platform presentation are also

attached as supporting information to this document.
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VIRTUOUS Dissemination

VIRTUOUS scientific results brought to the publication of 18 scientific papers in international

journals.  The results of the VIRTUOUS project have also been presented at several conferences.

For more information on VIRTUOUS dissemination activities please have a look on the VIRTUOUS

website (https://virtuoush2020.com/) in section Dissemination.

VIRTUOUS Communication activities

The project communication has been mainly based on web-based platforms, including the

development of an official website (https://virtuoush2020.com/) and the creation of dedicated

pages in the most used social networks, such as 

Instagram: https://www.instagram.com/virtuoush2020/

Facebook: https://www.facebook.com/Virtuous-h2020-101606611709846

Linkedin: https://www.linkedin.com/company/virtuoush2020/

Twitter: https://twitter.com/virtuoush2020

The strategy used throughout the third year was to post information about the project or project

events each week. Similar information was posted on each social with a different setting

depending on the target audience. 

Moreover, in the third year we have started to release the VIRTUOUS Newsletter, a means of

keeping VIRTUOUS followers up-to-date on what has been done regarding the project and to

provide news on technological novelties or curiosities related to the world of taste through a

wonderful journey made up of texts and figures that collect the highlights of the progress of the

project and anticipate the events to come. The VIRTUOUS newsletter can be downloaded at

https://virtuoush2020.com/taste-magazine/ .

https://virtuoush2020.com/
https://www.instagram.com/virtuoush2020/
https://www.facebook.com/Virtuous-h2020-101606611709846
https://www.linkedin.com/company/virtuoush2020/
https://twitter.com/virtuoush2020
https://virtuoush2020.com/taste-magazine/
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 TOELT, LLC (http://toelt.ai/). The company is a Swiss SME developing a sensor for a

portable spectroscopic analysis of olive oil and white wine. The VIRTUOUS project is

tailoring machine learning models ingesting those above-mentioned spectroscopic data,

and providing as output predictions on oil taste and knowledge on nutritional properties

associated to inspected olive oil. The technology is of interest for several VIRTUOUS

beneficiaries as for example AYP which may consider using a future development of the

described technology as a portable control quality tool for olive oil. 

 GRANIOT (https://graniot.com) The main activity of the company (Spanish SME) is to

facilitate a web tool to agronomists and farmers for monitoring their crops with the use of

satellite information from the European Union and the integration of data from IoT

sensors. VIRTUOUS is working on integrating into the Data Lake also information which

may come from Graniot processed information on plant quality which are directly

correlated with food taste. Possible further technologies coming from this fusion may be

very helpful in investigating European food biodiversity and nutritional values.

CONTI SPAGNOLETTI ZEULI (https://www.contespagnolettizeuli.it/) is an oil and wine

producer in Puglia Italy. The company agrees to be involved as external partner for

validation of the VIRTUOUS platform with oil and wine from the company, to share

biochemical properties or their products with Virtuous consortium for comparison with

Virtuous computational platform and spectroscopic analysis.

COOPERATIVA CONTROVENTO (https://www.facebook.com/cooperativacontrovento) is

an olives cultivation, bio-olive oil production located in Sklizza, Piana degli Albanesi

Palermo, Italy. The company agrees to be involved as external partner to be monitored

with satellite data collected by Less and Graniot, to share biochemical properties or their

products with Virtuous consortium for comparison with Virtuous computational platform

and spectroscopic analysis.

AZIENDA AGRICOLA ROMANO is a vineyard cultivation and wine production located in

Palermo, Italy. They mainly produce Sicilian traditional red wine (Perricone) and a French

withe wine (Viogner) due to their vineyard altitude (500 m above sea level) particularly

important for aromatic and white wines. The company agrees to be involved as external

partner to be monitored with satellite data collected by Less and Graniot, to share

biochemical properties or their products with Virtuous consortium for comparison with

Virtuous computational platform and spectroscopic analysis.   

VIRTUOUS Networking

VIRTUOUS has continuously kept alive a set of networking activities to contribute towards

European policy objectives and strategies and/or exert an impact on policy making, create

new markets opportunities and strengthen competitiveness and growth of companies. The

VIRTUOUS consortium has constantly worked to increase the area of interest around the

project in particular attracting European companies for further collaborations and

developments of the project.  

Some active industrial collaborations are reported in the following list. 

http://toelt.ai/
https://graniot.com/
https://www.contespagnolettizeuli.it/
https://www.facebook.com/cooperativacontrovento


DICEMBRE  2022 N. 5

14



DICEMBRE  2022 N. 5

15

 
Published Articles in Journal [Open Access and Peer Reviewed]
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