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Abstract. Poor and sedentary lifestyles combined with bad dietary habits have a
significant impact on our health. Nowadays, diet-related diseases have become a
major public health concern, threatening the sustainability of healthcare systems,
and new strategies to promote better food intake management are now being ex-
plored. In this context, the use of ontologies has gained significant impact over
the past decade and become more prevalent. By incorporating ontologies in the
healthcare domain, artificial intelligence (Al) can be enhanced to better support
healthcare systems dealing with chronic diseases, such as obesity and diabetes
requiring long-term progress and frequent monitoring. This is especially chal-
lenging with current resource inefficiency; however, recent research suggests that
incorporating ontology into Al-based technological solutions can improve their
accuracy and capabilities. Additionally, recommendation and expert systems can
also benefit from incorporating ontologies for a better knowledge representation
and processing and then increase their success rates. This study outlines the de-
velopment of an ontology developed in the context of food intake to manage and
monitor the progress of patients with obesity, diabetes, and those using tube feed-
ing. As the main result, a standardized vocabulary for describing food and nutri-
tional information was specified, which will enable the integration with different
healthcare systems and provide personalized dietary recommendations that are
tailored to the specific needs and preferences of each user.
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1 Introduction

Our dietary habits have a significant impact on our health, and diet-related diseases
pose a major public health concern, threatening the sustainability of healthcare systems.
Unbalanced food intake, in terms of both quantity and quality, can lead to various med-
ical conditions, including metabolic disturbances, malnutrition, overweight, poor men-
tal performance, and medical risk factors such as hypertension, osteoporosis, cardio-
vascular diseases, type 2 diabetes, hip fractures, liver pathologies, Alzheimer's disease,
and even cancer [1]. These diet-related diseases continue to be a major public health
concern and endanger the sustainability of healthcare systems [2, 3]. Therefore, it be-
comes necessary to study and develop effective tools to monitor and support users in
either single or group contexts to make better decisions in their daily lives regarding
the adoption of healthier behaviors [4-6] and to support achieving health related goals
[7]. As a result, dietary habits will be improved to prevent and manage the aforemen-
tioned diseases. In this context the FoodFriend project! was established as a novel tech-
nology aimed at addressing these challenges in three different uses cases: prevention of
malnutrition in nursing homes and patients using tube feeding (1); and nutritional trans-
mural care of chronic diseases such as obesity (2) and type 2 diabetes (3). Traditional
food intake monitoring methods can be labor-intensive and time-consuming [8], and
feedback is not always absorbed correctly by the end-user. Therefore, the FoodFriend
project focuses on developing a complete toolset that can automatically measure a per-
son’s food intake with minimal user-input and provide personalized, actionable feed-
back. The FoodFriend toolset consists of both hardware, such as sensors, and software,
such as an application or web portal, that can automatically monitor a person's food
intake, reducing the workload and problems associated with traditional food monitor-
ing. Additionally, the FoodFriend toolset can benefit various groups of users, including
dieticians, nutritionists, caterers, and individuals seeking to improve their dietary hab-
its. For dieticians and nutritionists, the tool can provide insight into their clients' eating
habits, while clients can benefit from a reduced workload during the monitoring pro-
cess. Additionally, the comprehensive tool can lower the threshold for individuals not
involved in dietary coaching to get involved in improving their nutritional habits. The
FoodFriend project uses health behavior-change recommendation techniques, such as
the transtheoretical model of health behavior change [9, 10] to provide personalized
suggestions to end-users based on the collected data. The recommendation process is
supported by visualization technigues, enabling dieticians to provide feedback and steer
the recommendation process. Furthermore, FoodFriend platform also includes mobile
device implementations to improve accessibility. Finally, the project delivers a research
database and a nutrition-wise ontology for modeling nutritional behavior, providing
semantic interoperability between heterogeneous data sources and enabling data inte-
gration between the three use cases of the project based on existing ontologies available
in the literature that consider the same concepts and relationships shared with the pro-
posed ontology for the FoodFriend project. In this work we present the methodological
approach undertaken in the FoodFriend project to establish a common shared ontology

1 https://itea4.org/project/food-friend.html
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between the three different use cases and we provide a representation of this ontology
including the main concepts and relationships identified.

In the next section, all the related works presenting different ontologies in the context
of food representation are described with a discussion of their application and related-
ness to the FoodFriend project. In section 3, the methodology undertaken for each use
case is specified describing the associated concepts and relations in the context of each
use case. In section 4, the architecture of the common shared ontology for the Food-
Friend project is presented. A discussion regarding the results achieved in this work is
presented in section 5 and the main conclusions are drawn in the last section of this
work.

2 Related Works

This section summarizes the current State of the Art regarding existing ontologies in
the context of Food representation. Each relevant ontology will be described in terms
of structure and main concepts and relationships as well as associated limitations in the
context of the FoodFriend project.

2.1 FoodOn Ontology

Perhaps the most well-known food ontology, FoodOn [11, 12] is an open-source, com-
prehensive ontology structured with several term hierarchy facets that cover basic raw
food source ingredients, process terms for packaging, cooking and preservation, and an
upper-level variety of product type schemes under which food products can be catego-
rized. FoodOn has been initially designed with several terms retrieved from Langual,
a library science and ontology friendly food classification system that is composed by
14 food product description facets including plant or animal food source, chemical ad-
ditive, preservation or cooking process, packaging, and standard national and interna-
tional upper-level product type schemes. Currently, at least 3400 terms are used in
FoodOn to describe “the individual plant, animal, or chemical food source from which
the food product or its major ingredient is derived”. Furthermore, FoodOn describes the
organism's food source terms using intermediate groups like “stem or spear vegetable”
but separates chemicals (mainly additives) into a “food component class” to differenti-
ate whole organism references (see Fig. 1).

Additionally, FoodOn works in partnership with other OBOFoundry related ontologies
which together represent the Joint Food Ontology Workgroup (JFOW). JFOW is an
informal group of ontology stakeholders and has the main goal of standardizing the
content of food products and research related ontologies. As such, this group aims to
simplify the annotation of datasets to meet interoperable FAIR data standards[13], as
well as to enhance plug-and-play, queryable knowledge graph search and provide vo-
cabularies for nutritional analysis, including chemical food components which are fac-
tors in diet, health and plant and animal agricultural rearing research.
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Fig. 1. FoodOn Ontology — adapted from [12].

Other members of JFOW include:

Food-Biomarker Ontology (FOBI) — An ontology with two interconnected sub-on-
tologies: one to describe raw foods and multi-component foods terms and a Bi-
omarker Ontology to describe chemical classes.

Ontology for Nutritional Studies (ONS) — Developed within the ENPADASI Euro-
pean project, has the main goal to represent a comprehensive resource for the de-
scription of concepts in the broader human nutrition domain covering classes neces-
sary for describing and querying for nutritional studies.

Animal Health Surveillance Ontology (AHSO) — An ontology to describe animal
health data which can promote the secondary use of these data for surveillance (data-
driven surveillance, or syndromic surveillance).

Crop Nutritional Data Ontology (CDNO) — An ontology structured with terminolo-
gies to describe nutritional attributes of material entities that contribute to human
diet.

Ontology for Nutritional Epidemiology (ONE) — An ontology to describe nutritional
epidemiologic studies accurately.

Medical Actions Ontology (MAXQO) — An ontology that provides a structured vocab-
ulary for medical procedures, interventions, therapies, and treatments, including nu-
trition based medical interventions.

Environmental Conditions, Treatments, and Exposures Ontology (ECTO) — An on-
tology to describe experimental treatments of plants and model organisms, exposures
of humans or any other organisms to stressors through a variety of routes, stimuli,
any kind of environmental condition or change in condition that can be experienced
by an organism or population of organisms on earth.

Although FoodOn, and the associated ontologies part of the JFOW group already cover
a wide spectrum of elements associated to the Food variable these are still lacking in
terms of describing and modelling the human variable and associated characteristics



which including dietary and health issues (such as diabetes and obesity) leading to the
scope of FoodFriend project and the necessity to model this concept.

2.2 Quisper Ontology

Eftimov and colleagues proposed in 2018 [14] a food ontology named Quisper on-
tology that has been developed in a semi-automatic way and can be used for the har-
monization and enable research in the domain of personalized dietary web services.
Additionally, the proposed ontology combines aggregated data from different sources
to provide new knowledge to contribute for healthier lifestyles. The defined ontology
(see Fig. 2)has been initially designed to include 5 main groups (Component, Food,
FoodGroup, Personal and SNP) and 7 main classes (Component, Food, FoodGroup,

Personal, SNP, Unit, and WebService).
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Fig. 2. Quisper Ontology — adapted from [14].

With this structure, the authors express the advantage of the ontology not being fo-
cused only on food-related data, but also to include information for everyone from
his/her user profile, biomarker analysis, dietary reference intakes and recommenda-
tions.

This ontology goes in line with the goals of the FoodFriend project, however the
current description of the person/human variable is still very limited in terms of under-
standing characteristics which include dietary and health issues as well to understand

and describe the person’s meal intake over the days.



2.3 Ontology Based Food Recommendation

More recently, in 2022 [15], Chivukula and colleagues proposed a new food ontol-
ogy, named Ontology Based Food Recommendation to model in the food domain to
help people in getting the right recommendation about the food, based on their health
condition. Some of the key concepts that were considered are related to the food domain
and include types of food, flavors and textures, and different kinds of food courses and
meals (see Fig. 3). Additionally, information on recipes and corresponding ingredients
together with their nutritional values is also described. Finally, the user variable with
the details of physical attributes such as age, weight with health history is also main-
tained. The authors explain how the proposed ontology could be used in different food
and dietary domains, for example, by people with culinary interests, nutritionists, res-
taurants, and chefs.
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Fig. 3. Ontology Based Food Recommendation — adapted from [15].

The proposed ontology is the closest to meet the goals of the FoodFriend project as
it considers both food, human and even meals variables. However, additional concepts
must still be considered to correctly describe the user Meal Intake and additional com-
ponents are also necessary. For example, the Food variable should also include infor-
mation which is relevant to manage dietary and food issues such as Diabetes by con-
sidering information on the associated glycemic index of each food.

3 Methodology

This section describes the different concepts and corresponding relationships asso-
ciated with each Use Case of the FoodFriend project. These concepts will be then com-
bined into a common FoodFriend Ontology which is described in the following section
of this document.



3.1  Diabetes Use Case

Diabetes use case focuses on the creation and validation of technologies for objective
self-monitoring and management of patients with diabetes type 2. The major outcome
will be a quantified self, evidence-based coaching solution for self-monitoring and
management of diabetes type Il disease based on food intake and lifestyle monitoring.
The transparent integration of this type of technology in the daily routine of patients
will improve self-monitoring of disease, increase treatment adherence and the promo-
tion of healthy behaviors, having as consequence diminishing the acute complications
of diabetes. By specifying an ontology in the context of the management of diabetes
disease, it is possible to develop a recommendation system using a structured and stand-
ardized representation of knowledge, enabling efficient information retrieval and infer-
ence. In this context, ontologies can be used to organize and categorize food-related
data, such as nutritional information and personal preferences to deliver personalized
and accurate dietary suggestions based on individual needs and constraints. Currently,
a recommendation system has been developed regarding the type 2 diabetes use case.
The rules composing this system were generated based on the guidelines from the WHO
(World Health Organization), related to the consumption of the main macronutrients.
The application daily sends users' macronutrient intake, and recommendations are sub-
sequently generated if the macronutrients exceed the specified levels or fall below the
recommended levels [16].

In the context of Diabetes Use case the following concepts and corresponding rela-
tionships have been identified:

e User — Food - The person (user) has interests regarding each food available/inserted
in the system. These interests can cover aspects such as preferences and allergies.

o User — Meals Intake - Each person keeps track of all the meals intake, which corre-
sponds to any ingested food information provided to the system. These meals usually
refer to breakfast, lunch, dinner, and snacks.

e Meal — Food - As mentioned previously, each meal taken by the person will include
one or more foods. Additionally, each food (and its information) will also be related
to the types of meal for which that food is most recommended. For example, a bowl
of milk and cereal could be recommended for breakfast while a roast chicken could
be recommended for either lunch or dinner.

e Food — Nutritional Values - Foods have nutrients and therefore, each food available
in the system must also contain nutritional information regarding key nutrients to
manage a healthy diet. These nutrients correspond to proteins, carbohydrates, fibers,
fats, minerals (such as salt and sugar) and vitamins.

3.2 Obesity Use Case

Obesity use case focuses on people with desk jobs having a higher risk on obesity
due to their limited physical activity in daily life. The major idea is to detect every food
consumption of the user depending on the data collected via their mobile devices like
location of the user, movement of the user, social media sharing, mail sending activity,
incoming/outgoing calls, etc. In addition to concepts and corresponding relationship



described in Diabetes Use Case, we have identified the followings valuable for Obesity
Use Case:

e User — Energy Consumption Activity - While food intake behavior of the user has
significant impact on weighing, the energy consumption during “Physical Activi-
ties”, “Resting”, and “Sleeping” has as much impact as the level of food intake. In
addition to the duration of these activities, the energy consumption rate is also af-
fected by the attributes of the user, such as basal metabolism.

e User — Goal — Dietary Plan - Users have goals to achieve. The goals can be assigned
by the user itself or by professionals either as distinct goals or by combining with
their dietary plan.

e User — Disabilities - Physical activities suitable for the user will naturally depend on
their disabilities if they exist.

e User — Allergenics - Having allergies will affect the recommendation of food and
ingredients. Users may be allergic to some foods or constituents. This information
must be taken into account by professionals and Al based food recommendations.

e User — Disease - Users may have comorbidities which should be regarded in recom-
mendation operation. Some foods may seem good for persons having obesity condi-
tions but may also threaten other disease treatment. The FoodFriend system should
not create any threat to patients.

3.3 Tube Feeding Use Case

Food intake of patients on tube feeding is performed by gathering data from the tube
feeding pump and determine the energy expenditure of the patient with indirect calo-
rimetry and accelerometers. Based on the obtained data and insights into the nutritional
status of the patient, personalized feedback can be provided through an easy-to-use
platform and incorporated into the treatment plans of dietitians. Also, by giving the
patient more insight into his/her nutritional status, compliance with the therapy will
increase. The concepts and relationships regarding the Tube Feeding use case are as
follows:

o User — Feeding Pack - The user takes available/recommended feeding packages.
The recommended feeding package can be based on the users medical and health
status.

e User — Food Intake - The feeding pump tracks the food intake of the user. For any
food intake (meals or beverages) the user utilizes the feeding pump. The food intake
can be a feeding pack, water, or coffee.

o Feeding Pack — Intake Status (Feeding Pump) - For each user based on the medical
status, a special intake status is recommended. The intake volume, flow rate, dose,
as well as the intake duration can be adjusted to the user's demand. Each of these
elements have an influence on the health status of the user. These elements can be
adjusted and recorded automatically by the feeding pump.

¢ Feeding Pack — Nutritional Values - Each feeding package has nutrients and energy
produced by that. This information can be accessed by scanning the barcode of each



feeding package. The factsheet provided for each feeding package reveals the
amount of energy, protein, carbohydrate, fat, fiber, water, minerals, Vitamins, and
other trace elements.

4 Proposed Ontology

This section describes the FoodFriend Ontology according to the scope of each Use
Case and how the knowledge representation is structured according to the different
concepts and relationships previously identified. All ontological structures from each
use case have been merged into a single ontology as is presented in Fig. 4. Furthermore,
the proposed ontology has also been inspired by the literature reach made in the context

of this Task and deliverable to consider essential concepts and relationships also like
the scope of the FoodFriend project.
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Fig. 4. FoodFriend Ontology

The two main classes of the FoodFriend Ontology are the User and Food. A user
will contain demographic information such as age, gender, weight and height, and other
characteristics such as the recommended daily energetic consumption and food-related
diseases and may also have disabilities which incapacitate daily energetic consumption.
The user will be given different health goals that can be included in a diet (which is
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created by a health professional). The user will also register his/her meals intake for
each meal taken throughout the day (breakfast, lunch, dinner, snacks, etc.). These meals
are part of a diet which is necessary to correctly accomplish an established health goal.
Additionally, certain meals have recommended recipes that can be provided by a food
provider. The user will relate to food in terms of preferences and allergies to certain
types of food. Each food has its own nutritional information associated in terms of total
number of fats, vitamins, fibers, carbohydrates, etc. Certain foods can also be stored in
the feeding packages with the means of a feeding pump. The intake status is a crucial
element in tube feeding which is managed by the feeding pump. Foods are also part of
recipes and relate to food diseases as appropriate/inappropriate and can be recom-
mended by health professionals.

5 Discussion
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Fig. 5. FoodFriend technical value chain

The use of common shared ontology in the context of the FoodFriend project is es-
sential for several reasons (see Fig. 5). First, the use of this ontology can help to inte-
grate data from different sources, such as food composition databases, nutrition track-
ing apps, and clinical studies related to each specific use case. By using a common
vocabulary and structure, data can be more easily shared and compared across the dif-
ferent systems developed in the FoodFriend project. Second, ontologies can help to
support decision-making related to food and nutrition. For example, the proposed on-
tology could be used to classify foods based on their nutritional content or allergenic
properties. This information could then be used to make personalized dietary recom-
mendations adequate to all the use cases depending on the data collected from users.
Finally, the proposed ontology can be used to advance our understanding of the com-
plex relationships between diet, health, daily activity, and diseases. By representing
knowledge in a structured and explicit way, the proposed ontology can facilitate the
discovery of new associations and hypotheses such as to explore relationship amongst
different use case related concepts. Overall, the use of a common ontology in the
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context of food, eating, and nutrition has the potential to support a wide range of appli-
cations, from personalized nutrition to public health policy. As more data becomes
available in the context of the FoodFriend project and the different use cases, the on-
tology here proposed will more likely play an important role in organizing and making
sense of this information.

6 Conclusions

Ontologies play a crucial role in many areas of knowledge representation and data man-
agement, including the domain of food intake and nutrition. An ontology is a formal
representation of knowledge in a particular domain, defining a set of concepts and the
relationships between them. In the context of food intake and nutrition, an ontology can
provide a standardized vocabulary for describing food, nutrients, and dietary recom-
mendations, allowing for more accurate and consistent data analysis and decision-mak-
ing. The use of ontologies in the context of food intake and nutrition has become in-
creasingly important in recent years, as more and more data is being generated by var-
ious sources such as wearable devices, mobile applications, and electronic health rec-
ords. These data sources often use different terminologies and standards for represent-
ing food and nutritional information, making it difficult to compare and integrate data
from different sources. By using an ontology, it becomes possible to reconcile these
different terminologies and create a unified representation of food and nutritional data
that can be easily shared and integrated with other systems. This can lead to improved
decision-making in areas such as personalized nutrition, clinical research, and public
health policy. The FoodFriend project is presented in this work leveraging the use of
ontologies in the context of food intake and nutrition to develop a personalized nutrition
platform that considers individual preferences, nutritional needs, and health goals. As
such, the use of ontologies in this project is essential to create a standardized vocabulary
for describing food and nutritional information, which will enable the integration of
data from various sources such as food diaries, wearable devices, and clinical records.
As a result, the FoodFriend platform will be able to provide personalized dietary rec-
ommendations that are tailored to the specific needs and preferences of each user. In
this work we have presented the methodological approach undertaken to define a com-
mon shared ontology for food intake in the context of the FoodFriend project. By using
ontologies to standardize the representation of food and nutritional data, the FoodFriend
project is paving the way for a more personalized and effective approach to nutrition
and health management.
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