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Abstract. Food recommendation systems help consumers make sus-
tainable and nutritionally complete choices, promoting healthy eating
habits and addressing the growing interest in food sustainability and
waste reduction. Large Language Models (LLMs), such as ChatGPT,
are increasingly used for food recommendations due to their natural lan-
guage processing capabilities. However, providing personalised and con-
textually relevant suggestions remains challenging because of the lack of
a robust conceptualisation of healthy and sustainable food aligned with
users’ dietary and lifestyle preferences. Ontologies can address this by
offering a structured and semantically rich framework for organising in-
formation. In this paper, we propose a modular ontology to enhance the
contextual knowledge of LLMs, enabling them to deliver personalised,
contextually relevant food recommendations. The ontology’s modules are
based on competency questions derived from a research project focused
on sustainable and healthy food recommendations. To evaluate the effec-
tiveness of this approach, we conducted experiments where ChatGPT-4
answered these competency questions with and without ontology inte-
gration. The answers were then assessed in a user study. Preliminary ex-
perimental results indicate significant improvements in the quality and
relevance of recommendations when the ontology is employed.
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1 Introduction

In the current food landscape, food recommendation systems help consumers
make sustainable and nutritionally complete food choices, fostering healthy eat-
ing habits and addressing the growing interest in food sustainability and waste
reduction [I0]. While some approaches represent stakeholders’ perspectives on
sustainability and nutrition, consumers are a critical component of any food rec-
ommendation system [13]. Despite rising consumer awareness, studies estimate
that a substantial portion of food produced for human consumption is lost or
wasted, with a significant share occurring at the household level [7]. Nutritional



characteristics are another important dimension of food products, including com-
position, quality, and their impact on health [3]. Therefore, consumers need sup-
port in making food choices that are both sustainable and nutritionally complete,
while adopting healthy eating habits. LLMs can be used for food recommenda-
tions by leveraging their ability to understand and process natural language
[4]. However, providing personalised and contextually relevant suggestions re-
mains challenging due to the integration and comprehension of domain-specific,
heterogeneous sources, and the lack of a robust conceptualisation of healthy
and sustainable food aligned with users’ dietary and lifestyle preferences. On-
tologies can address this issue by offering a structured and semantically rich
framework for organising information. As shown in [I1J12], the combination of
domain knowledge and LLMs shows promising preliminary results.

In this paper, we propose the NextCart Food Ontology, a modular ontol-
ogy to enhance the contextual knowledge of LLMs, enabling them to deliver
personalised, contextually relevant food recommendations. The ontology’s mod-
ules are built upon a set of competency questions elicited within a research
project focused on sustainable and healthy food recommendations. We discuss
the ontology engineering process, its extensibility, and its current and future
applications in modern food recommendation systems to address the following
research questions: (i) How does the integration of a structured ontology with
LLMs (specifically ChatGPT-4) improve the accuracy and relevance of food rec-
ommendations compared to using LLMs alone? (ii) What key dimensions and
attributes must be included in a modular food ontology to support comprehen-
sive and personalised food recommendations through LLMs? (iii) How is the
use of an ontology with LLMs perceived by users in food recommendation sys-
tems, particularly concerning dietary restrictions and sustainability preferences?
Our contribution combines ontology engineering with the advanced natural lan-
guage processing capabilities of LLMs to address the challenges of integrating
diverse data sources and providing tailored recommendations. Unlike existing
approaches, our method ensures a comprehensive representation of consumer
preferences, dietary needs, and sustainability concerns, leading to more accurate
and relevant food recommendations. To this aim, we conducted experiments
where ChatGPT-4 answered questions with and without ontology integration.
The accuracy of the answers was evaluated through a user study. Preliminary
experimental results demonstrate significant improvements in the quality and
relevance of recommendations when the ontology is integrated.

The remainder of this paper is structured as follows: Section [2] introduces
the approach overview; Section [3| presents the methodology for gathering the
requirements and building the ontology; Section [] describes the proposed val-
idation process; Section [5| discusses the most recent work on the use of food
ontologies to recommend food or to describe food products features to the final
consumer, assuming a consumer-centric viewpoint; finally, in Section [6] we offer
our conclusions and delineate possible future research directions.
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Fig. 1: Overview of the use of LLM-based and modular ontology for food recom-
mendation.

2 Approach Overview

An overview of our approach is illustrated in Figure [II The structure of the
ontology is organised into three modules (consumer, nutrition, and sustainability
modules) and facilitates the independent development and refinement of each
module. The use of namespaces ensures that the ontology can be integrated
seamlessly with other existing standardised vocabularies, and its application
scope can be expanded with the addition of new concepts and properties as the
domain evolves. For instance, new sustainability metrics or health parameters
can be incorporated without significant restructuring. The integration of LLMs
with the modular ontology provides an advanced method for interpreting user
inputs and generating relevant outputs. The system follows these steps:

1. Collect Consumer Info: Gather data on consumers’ dietary preferences,
health conditions, and sustainability goals. This data forms the foundation
for personalised recommendations.

2. Map Collected Data: The LLM processes this data and maps it into the
modular ontology, ensuring structured and semantically rich representation.

3. Consumer Search for Recommendation: Consumers interact with the
LLM to search for food recommendations, leveraging the ontology for con-
textually relevant results.



4. Load Ontology: The ontology is loaded to support the LLM in answer-
ing the consumer’s request, enhancing the accuracy and relevance of the
generated responses.

5. Load Data: The LLM loads data from various sources based on the ontology
and user inputs, ensuring that the recommendations are aligned with the
user’s preferences and goals.

6. Generate Recommendations: The LLM generates personalised food rec-
ommendations based on the ontology and query results, detailing the nutri-
tional benefits and sustainability impacts of each suggested food item.

7. Collect Feedback: The system collects consumer feedback and interac-
tions to improve future recommendations, ensuring continuous learning and
adaptation.

The recommender system leverages data from various sources to retrieve
food items and dietary plans that align with the user’s preferences and goals.
Based on the retrieved data, the LLM generates personalised recommendations,
detailing the nutritional benefits and sustainability impacts of each suggested
food item. This approach is essential for applications in several fields, including
digital labelling [2], ontology-based data access [§], and LLM-based recommen-
dation systems [9]. By integrating ontological context, the system enhances the
relevance and quality of food recommendations, addressing the user’s dietary
needs and sustainability preferences effectively. This modular, ontology-driven
framework ensures that the recommendations are comprehensive, accurate, and
aligned with the latest research and consumer feedback.

3 Requirements and Ontology Development

3.1 Requirements Analysis

To develop our ontology, we conducted interviews with domain experts from
various fields, including industrial engineering, dietetics, nutrition, agricultural
economics, and food science. This process helped identify key knowledge aspects
and use cases for the ontology. We collected information about their needs, to
identify the main knowledge aspects they want to answer. Two primary use cases
emerged. UC1: Health and Nutritional Monitoring. Description: this use
case targets a consumer who wants to monitor and retrieve health parameters, di-
etary preferences, and physical activity levels to receive personalised nutritional
and health advice. Actors: consumers and dietitians are involved in monitoring
and managing health and well-being. Flow: consumers aim to receive food rec-
ommendations according to their health conditions and lifestyle preferences. Di-
etitians will take care to provide data about micro-nutrition and macro-nutrition
and correlations with physical conditions. UC2: Sustainable Shopping and
Consumption. Description: this use case involves a consumer who wants to
retrieve detailed information on food products’ sustainability, make informed
purchase decisions and minimise waste. Actors: consumers, as well as different
types of actors, are involved in the provisioning and exploitation of data on the



sustainability of food products. Flow: consumers access the platform and browse
detailed sustainability information on food products, allowing them to make in-
formed purchasing decisions and minimise waste. The platform aggregates data
from various stakeholders. This comprehensive data enables consumers to select
products that align with their sustainability preferences. From these use cases,
we derived a set of competency questions (CQs) to define the ontology’s func-
tional requirements. These CQs cover aspects such as food impacts on health,
nutritional content, dietary restrictions, sustainability metrics, and waste min-
imisation.

3.2 The NextCart Food Ontology

The NextCart Food Ontology represents a significant advancement in the field
of personalised food recommendation systems. This comprehensive ontology is
designed to address the complex interplay between consumer preferences, nu-
tritional requirements, and sustainability factors in food choice. By leverag-
ing RDF and OWL technologies, the ontology provides a flexible and exten-
sible structure capable of representing the multifaceted relationships inherent
in the food domain. The reuse of existing classes and properties is done using
the rdfs:subClass0f or owl:equivalentClass construct for classes and the
rdfs:subProperty0f construct for properties.

Consumer Module. This module is designed to capture a comprehensive
view of a consumer’s lifestyle, encompassing demographic information, activ-
ities, dietary choices, health conditions, and shopping habits. By integrating
various aspects of daily life, it provides a holistic understanding of consumer
behaviour. As shown in Figure [2] this module comprises 7 classes identified by
the yellow colour. Central to this module is the Consumer class, which extends
schema.org’s Person class to capture detailed personal and lifestyle-related in-
formation. It links shopping activities to food choices and health conditions
through classes such as HealthConditions and RestrictedDiet. Sustainability
is another significant dimension, captured by the Sustainability class. This re-
flects consumers’ preferences for sustainable practices, highlighting the growing
importance of environmental considerations in consumer behaviour.

Nutrition Module. The nutrition module represents the intricate relation-
ships between consumers, their dietary plans, and the various health and per-
sonal factors influencing their nutritional requirements. As shown in Figure
this module comprises 8 classes identified by the green and the lilac colour. At
the core of this module is the HealthConditions class, which captures various
health-related aspects of the consumer. It includes specific conditions such as
food allergies, intolerances and food-related pathologies. These conditions play
a crucial role in shaping a consumer’s dietary requirements. Complementing
this is the RestrictedDiet class, which models various dietary restrictions and
preferences. The FoodItem class represents individual food items relevant to
RestrictedDiet and HealthConditions.

Sustainability Module. The sustainability module captures a comprehen-
sive view of sustainability within the food supply chain, emphasizing the con-
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Fig. 2: Ontological concepts and relationships.

sumer’s role in shaping sustainable practices. It integrates environmental, social,
and economic dimensions to reflect their impacts on various stakeholders such as
Farmer, Producer, and Retailer. As shown from Figure [2| comprises 7 classes
identified by the blue colour. At the core of this module is the Sustainability
that is divided into 4 subclasses: EnvironmentalSustainability, SocialSus-
tainability and EconomicSustainability to model the impact of food pro-
duction and consumption on various stakeholders. By leveraging existing ontolo-
gies such as Agronomy Ontology (AgrO) and Environmental Ontology (ENVO),
this module facilitates the analysis of sustainable practices throughout the food
supply chain.

4 Experimental Evaluation

The experiment presented in this paper is a preliminary study designed to ex-
plore the potential of integrating ontology into LLMs for personalised food rec-
ommendations.

4.1 Experiment Setup

We designed a set of questions to be answered by an LLM. Each question was
answered in two different ways: (i) by providing only the input data, and (ii) by
also submitting an ontology.



— Q1: How does salmon impact the health of customers with cardiovascular
conditions?

— Q2: What macronutrients and micronutrients are present in salmon?

— Q3: What are the dietary restrictions of Elizabeth Gonzalez, and what do
you suggest she consume?

— Q4: What are the physical activities of Elizabeth Gonzalez, and what do
you suggest she consume?

— Q5: What food items are recommended for Jason Brown’s weekly shopping
based on his dietary preferences and sustainability goals?

— Q6: How do Pig Meat and Poultry Meat compare in terms of sustainability?

— Q7: How do Sara Rogers’ past purchases align with water consumption?

— Q8: What are the sustainable alternatives for Beef? (CQ8)

— Q9: Do Sara Rogers’ past purchases align with her sustainability goals, and
how can she minimize waste?

Participants evaluation. In the experiment, 14 participants aged 20 to 50,
from various professional backgrounds (e.g., freelancers, engineers, researchers,
physicians), evaluated system-generated answers, both with and without ontol-
ogy integration. Answers were presented in a mixed manner to ensure partici-
pants couldn’t distinguish between the two types. They rated the solutions on
five criteria: Accuracy (correctness of the answer), Completeness (coverage of
the question), Clarity and Structure (ease of understanding), Depth and Detail
(level of explanation), and Practicality and Usefulness (actionable value), with
scores ranging from 1 (low) to 5 (high).

Datasets. The datasets utilised to generate the responses are retrieved online
or automatically generated, as reported in the following: (i) food.csv| contains
comprehensive data about different types of food (CORGIS); (ii) nutrition.csv
provides nutritional values for common foods and products (Kaggle); (iii)
generic-food.csv| includes general information about various food items
(GitHub); (iv) food-production.csv, details the environmental impact of
food production (Kaggle); (v) customer_activities.csv contains data about
customer activities (generated); (vi) |detailed-dietary-requirements.csv
provides detailed dietary requirements for various consumers (generated); (vii)
detailed-sustainability-preferences.csv lists detailed sustainability prefer-
ences of consumers (generated); (viii) [purchase_data.csv| contains data about
past purchases made by consumers (generated); (ix) |complete.owl contains
the OWL representations of the complete ontology loaded and maintained in
the |GitHub repository| (the proposed ontology).

Prompt templates design. We propose structured prompt templates for food
recommendations by creating a template with placeholders for input data and
ontology (see Figure[3)). There are two types of templates: one with ontology and
one without. The ontology-based templates use intensional definitions to provide
contextual knowledge, improving the model’s understanding and the relevance of
its recommendations. These templates also include placeholders for competency
questions derived from user stories and use cases, covering both simple and
complex queries. We used GPT-4, hosted on ChatGPT-Plus, with in-context
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Prompt Template \ / Prompt Template + Context \
Given the input data [csv file] Given the input data [csv file].

Here is the complete definition of ontology in OWL format:
Please answer the following question by analysing the input

[ontology file]
data
Report only the answer. Refer to the Ontology as Context, please answer the
following question by analysing the input data and the
Question: [Question to be answered] ontology.
Answer: Report only the answer

Question: [Question to be answered]

N J N\ J

Fig. 3: Prompt template and prompt template with the ontology.

learning to better align the model with specific tasks. All experimental data and
results has been loaded in the GitHub repository.

4.2 Preliminary Evaluation
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Fig.4: (a) Percentage of preferences expressed for each solution and (b) overall
mean evaluation of parameters.

Figure [4a) illustrates the overall users’ preferences between the two solu-
tions: ”"Data and Ontology” and ”Only Data.” The data collected across nine
questions (Q1 to Q9) indicates a clear preference for the integrated solution,
with more than 70% of users favouring ”Data and Ontology” for most questions.
This preference underscores the significant enhancement in recommendation ac-
curacy when contextual information from an ontology is utilised. The bar chart
in Figure @(a) clearly depicts the performance gap, showing that the system in-
corporating context consistently outperforms the data-only approach across all
questions. For instance, Q1 and Q7 show notable improvements with context,
scoring 71% and 79% respectively, compared to 29% and 21% without it. Partic-
ularly striking are the results for Q4, Q5, and Q9, where the context-enhanced
system was preferred by all participants (100%), while the data-only approach
received no preference (0%). Moreover, Q5 highlighted a notable difference be-
tween the two solutions. The context-enhanced response provided comprehensive


https://anonymous.4open.science/r/ER-2024-Food-Sustainability/experiments/results_data/collected_data.csv

recommendations for Jason Brown’s weekly shopping, aligning with his dietary
preferences and sustainability goals. In contrast, the data-only solution failed
to identify any suitable items due to limitations in the datasets. The language
model clarified that the context provided by the ontology includes a more com-
prehensive understanding of food categories, sustainability attributes, and di-
etary requirements, allowing for broader interpretations beyond the raw data in
the CSV files. This context helps to bridge the gaps where direct data filtering
falls short, enabling informed recommendations even in the absence of matching
items in the datasets. Question Q6 also exhibits significant gains, with context-
based performance at 64% versus 36% for data alone. For Q2, both solutions
were equally preferred (100% for both), indicating that for questions focusing
on technical information like macro-nutrients and micro-nutrients in salmon, the
integration of ontology does not necessarily change users’ preference as long as
the provided data is accurate and complete. Overall, these findings highlight the
critical importance of integrating contextual knowledge to enhance the system
capability in handling complex queries, demonstrating that context not only
improves accuracy, but it is sometimes essential for success.

Figure b) presents the overall mean evaluation scores comparing the two
solutions. The bar chart reveals a substantial improvement in users’ satisfac-
tion with context integration, reflected across five evaluation criteria: Accuracy,
Clarity and Structure, Completeness (Recall), Depth and Detail, and Practical-
ity and Usefulness. The context-integrated system consistently scores higher,
with notable differences such as a mean accuracy of 4.55 compared to 3.75 for
the data-only system, and a remarkable 4.57 for completeness versus 3.37. Users
found the context-enhanced responses of the system clearer and more structured
(4.33 vs. 3.87), significantly richer in depth and detail (4.41 vs. 2.79), and more
practical and useful (4.21 vs. 3.00). These results underscore the critical role
of contextual knowledge in enhancing the overall performance of the system,
making recommendations more accurate, comprehensive, and user-friendly.

5 Related Work

Food recommendation systems have seen significant advancements through
the integration of ontologies, knowledge graphs, and LLMs. These systems
alm to promote healthy eating habits, sustainable food choices, and reduce
waste. Our work builds upon and extends several key areas of research in this
field. Ontology-Based Approaches: Comprehensive food ontologies such as
FoodOn [5] and PO2/TransformON [14] have provided structured frameworks
for food domain modelling and sustainability in the agri-food supply chain.
These ontologies offer rich representations of food systems but often lack di-
rect integration with advanced Al techniques for personalised recommendations.
Ontology-based systems have shown potential in providing tailored nutrition
advice and adapting to specific user groups, demonstrating their versatility in
food recommendation contexts. Knowledge Graphs in Food Recommenda-
tion: Knowledge graphs have emerged as powerful tools for representing complex



food-related information. Haussmann et al. [6] introduced FoodKG, a semanti-
cally rich food knowledge graph that integrates data from various sources to
support food recommendation tasks. Recent work by Simsek-Senel et al. [13]
further demonstrates the potential of knowledge graphs in modelling sustain-
able food production. Integration with AI Techniques: The integration of
ontologies and knowledge graphs with LLMs represents a promising frontier
in recommendation systems. Pan et al. [I1] provided a roadmap for unifying
LLMs and knowledge graphs, while Allemang and Sequeda [I] demonstrated
how ontologies can increase LLM accuracy for question answering. Sequeda et
al. [12] showed that LLM-powered systems leveraging knowledge graph repre-
sentations can significantly improve accuracy in specialized domains, returning
up to three times more accurate results than LLMs without such knowledge
structures. Consumer-Centric Approaches and Sustainability: Consumer-
focused studies, such as Botos et al. [2], highlight the growing demand for easily
accessible, personalised food-related data. Sustainability and waste reduction
have emerged as crucial aspects, with Hermanussen and Loy’s [7] meta-analysis
underscoring the importance of addressing food waste at the consumer level. De-
spite these advancements, there remains a gap in comprehensively integrating
nutritional, sustainability, and personal preference factors within a single sys-
tem. Moreover, the potential of combining advanced LLMs with domain-specific
ontologies for food recommendations has been largely unexplored. Our research
addresses these gaps by proposing a modular ontology that enhances the contex-
tual knowledge of LLMs, aiming to improve the accuracy and relevance of food
recommendations while promoting sustainability and healthy eating habits.

6 Concluding Remarks

In this paper, we presented a modular ontology to enhance LLMs in deliver-
ing personalised, contextually relevant food recommendations. By integrating
structured ontology with LLMs, we address the limitations of using LLMs alone,
improving both the accuracy and relevance of recommendations. Our exper-
iments with ChatGPT-4 demonstrated that ontology integration significantly
boosts the quality and contextual relevance of responses.

Future work will focus on integrating Retrieval-Augmented Generation
(RAG) techniques to combine structured and unstructured data, further en-
hancing recommendation quality. Additionally, we plan to conduct larger-scale
experiments with a more diverse user base, including the collection of real cus-
tomer data to better capture preferences and behaviours. Continuous refinement
of the ontology, with feedback from these experiments, will expand its scope to
cover additional subcategories of food sustainability and nutrition. These im-
provements will contribute to building more sustainable and health-conscious
food systems globally.
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