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Abstract 

The increasing consumption of packaged foods makes it difficult for individuals to 

make informed dietary decisions. This study presents a rule-based decision-support 

system developed within a Citizen Science framework to evaluate the health risks of 

packaged foods. The system analyzes nutritional data obtained either through food label 

images or manual input and provides personalized assessments based on user 

characteristics such as age and gender. A pilot test conducted on 20 food products 

showed that approximately 85–90% of the items were classified in accordance with 

established nutritional guidelines. The results suggest that the proposed approach can 

support accessible and interpretable health risk evaluation and promote public 

engagement in preventive healthcare. 
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1.  Introduction 

             The widespread consumption of packaged and processed foods rich in sugar, salt, trans 

fats, and additives has become a major public health concern. Such dietary patterns are associa-

ted with an increased risk of obesity, cardiovascular disease, diabetes, and other chronic condi-

tions. Although national and international nutritional guidelines provide reference values for 

healthy consumption, individuals often find it difficult to interpret food labels and evaluate pro-

ducts according to their own personal health needs. 

In this context, there is a growing need for practical and user-friendly systems that can support 

rapid and personalized food evaluation. Computational tools can contribute to this process by 

transforming nutritional information into understandable health-related feedback. At the same 

time, the Citizen Science approach enables individuals to play an active role in producing and 

interpreting data, thereby increasing health awareness and public participation. 

This study presents a rule-based decision-support system designed to analyze packaged foods 

according to nutritional thresholds and user-specific conditions. 

The aim is to support informed dietary decision-making and contribute to preventive healthcare 

through a participatory and explainable approach. 

 

1. Data and Methods 

2.1        Citizen Science Approach and Data Collection  

         The system developed in this study is based on a Citizen Science framework in which 

users actively contribute data. Nutritional information is obtained in two ways. First, users can 

upload photographs of food labels. Second, they can manually enter nutritional values into the 

system. This dual-entry design was preferred in order to increase usability and flexibility under 

different real-life conditions. 

Personalization is one of the main features of the system. In addition to product-related informa-

tion, the system considers user-specific variables such as age group, gender, pregnancy, and 

breastfeeding status. By incorporating these characteristics, the model aims to provide risk eva-

luations that are more meaningful for individual users rather than relying solely on general po-

pulation-level guidance. 

Because image-based data collection may be affected by technical factors, clear, well-lit, and 

focused photographs are required in order to improve the reliability of nutritional value extrac-

tion. This consideration is especially important in practical use, since image quality directly 

affects the quality of the analysis. 

2.2       Data Sources and Reference Values 

          The rule structure of the system was established on the basis of publicly available nutriti-

onal guidance and reference documents. The main sources consulted in the development of the 

model include the World Health Organization (WHO) guidelines on sugar intake, Eat for Health 

reference values, Open Food Facts nutritional label data, and the Turkish Nutrition Guide (TÜ-

BER). These sources were used to define recommended intake levels and threshold ranges for 

selected nutritional components. 

Particular emphasis was placed on nutrients that are commonly associated with health risks in 

packaged foods, especially sugar, salt, and trans fats. These components were treated as critical 

indicators in the decision process because of their frequent relationship with adverse long-term 

health outcomes. In addition, selected nutritional elements such as protein, calcium, and energy 

values were considered in order to provide a more balanced evaluation of products in relation to 

individual needs. 
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2.3            Analysis Method and Model 

        The analytical structure of the system is based on a rule-based and threshold-comparison 

decision model. Instead of using a data-hungry black-box machine learning architecture, this 

study adopted an interpretable scoring system in which nutritional values are compared against 

predefined threshold levels derived from reference guidelines. 

For each product, critical nutritional components are checked against threshold values. When 

the sugar, salt, or trans fat content exceeds the acceptable range, the system assigns a correspon-

ding risk contribution. These contributions are then combined through a weighted scoring logic 

to generate an overall risk score. On the basis of this total score, the system classifies products 

into low-risk, medium-risk, or high-risk categories. 

This structure was intentionally selected because it offers transparency and ease of interpreta-

tion. Users can understand why a product is classified as risky by examining which nutritional 

components exceed recommended values. In this respect, the system supports an explainable 

artificial intelligence perspective, even though its core mechanism is rule-based. 

2.4         System Operating Principle 

       The operational workflow of the system consists of four main stages. In the first stage, data 

are entered either through image upload or manual input. In the second stage, nutritional values 

are extracted or recorded. In the third stage, these values are compared with reference limits and 

personalized criteria. In the final stage, a risk score is generated and the product is classified 

according to risk level. 

Following classification, the user is provided with health-related explanations and practical re-

commendations. These outputs may include warnings about excessive sugar, salt, or trans fat 

content, as well as supportive guidance related to insufficient or imbalanced nutritional values. 

The system was also designed with accessibility in mind. Visual outputs are not dependent so-

lely on color coding; descriptive labels and explanatory text are included so that users with color 

vision deficiency can also interpret the results more easily. 

 

3.         Experimental Design and Results 

       The developed system was tested on a pilot dataset of 20 food products from different cate-

gories to evaluate the effectiveness of the rule-based classification approach. The results showed 

that approximately 85–90% of the products were correctly classified according to established 

nutritional guidelines. 

Processed foods such as potato chips and wafers were generally identified as high-risk due to 

their high sugar, salt, and additive content, while minimally processed foods such as chickpeas, 

lentils, and hazelnuts were classified as low risk because of their more balanced nutritional pro-

files. 

The system supported both image-based label analysis and manual data entry, enabling flexible 

use across different user scenarios. In addition to risk classification, the model provided interp-

retable explanations, highlighting specific components such as trans fats, sugar, and salt as key 

contributors to health risk. 

Some misclassifications were observed, particularly for products with mixed nutritional profiles, 

which may be attributed to the limitations of the simplified rule-based structure. Nevertheless, 

the overall results indicate that the system performs in general agreement with nutritional expec-

tations. 
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Figure 1. User interface for entering age and gender.  Figure 2. Uploading the food image to the  system. 

  

Figure 3. Example of nutritional analysis for chickpeas. The 

system identifies a balanced nutritional profile and classifies the 

product as low risk. A positive (healthy) recommendation is 

provided due to high protein and fiber content and low levels of 

critical components such as sugar and trans fat. 

Figure 4. Example of nutritional analysis for potato chips. The 

system detects high levels of salt, fat, and additives and 

classifies the product as high risk. A warning (unhealthy) 

recommendation is generated due to the presence of 

components exceeding recommended nutritional thresholds. 

 

Figure 5. QR code linking to the Nutrient Calculator application 

The workflow includes data input, nutritional value extraction, threshold comparison, risk sco-

ring, and personalized feedback generation. To evaluate the proposed approach, a comparative 

assessment was conducted using the nutritional requirements of a healthy 30-year-old woman 

and a 30-year-old pregnant woman.  

Results showed that the system's recommendations were consistent with established dietary 

reference values and successfully adapted to pregnancy-specific nutritional needs.Unlike con-

ventional front-of-pack labeling systems such as Nutri-Score, which provide generalized nutriti-

onal evaluations, the proposed model incorporates individual-specific conditions and generates 

personalized recommendations.  

This demonstrates its added value in supporting users with special nutritional requirements, 

such as pregnant or breastfeeding women, while remaining aligned with recognized nutritional 

guidelines. 
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Figure 6. Assessment of a 9 mg Zinc intake for a 30-year-old 

pregnant woman. The system classifies this intake level as insuffi-

cient (low) for a pregnant woman. 

Figure 7. Assessment of a 9 mg Zinc intake for a 30-year-

old woman. The system classifies this intake level as insuf-

ficient (high) for a woman. 

 

                        

               

 

Figure 8. Assessment of a 75 mg Vitamin C intake for a 30-year-

old pregnant woman. The system classifies this intake level as 

insufficient (low) for a pregnant woman.. 

Figure 9. Assessment of a 75 mg Vitamin C intake for a 30-

year-old woman. The system classifies this intake level as 

sufficient ( normal) for a woman 

 

4.           Discussion 

         The findings of this study suggest that a rule-based decision-support system  can provide a 

practical and understandable method for evaluating the health implications of packaged food 

consumption. One of the main strengths of the model is its ability to move beyond general nutri-

tional advice by generating personalized interpretations based on user characteristics. This fea-

ture is particularly important because the health relevance of food consumption may vary de-

pending on age, gender, and specific physiological conditions such as pregnancy or breastfee-

ding. 

Another important contribution of the study is its integration of the Citizen Science approach. 

By allowing users to upload food label images or manually enter nutritional data, the system 

encourages individuals to participate actively in the production of health-related information. In 

this sense, users are not passive recipients of advice but contributors to an interactive process of 

data generation and interpretation. This participatory aspect may enhance health awareness and 

may also support the future development of larger community-based nutritional datasets. 

The consistency of the results with nutritional literature strengthens the credibility of the model. 

The fact that highly processed foods rich in sugar, salt, and additives were generally classified 

as high risk suggests that the threshold-based logic is aligned with established nutritional prin-

ciples. At the same time, the explainable nature of the model makes it easier for users to unders-

tand the basis of the system’s recommendations. 
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However, the study also highlights the limitations of a simplified rule-based approach. Nutritio-

nal assessment is inherently complex, and not all health outcomes can be captured through a 

limited number of threshold indicators. Products with mixed nutritional profiles may be difficult 

to classify precisely, especially when they contain both beneficial and harmful components. For 

this reason, while the present system is useful as a decision-support tool, it should not be interp-

reted as a replacement for professional dietary assessment. 

5.         Limitations 

         This study has several limitations. First, the pilot dataset consisted of only 20 food pro-

ducts, which limits the generalizability of the findings. A larger and more diverse dataset is ne-

cessary to evaluate the robustness of the system across broader food categories and consumption 

patterns. Second, image-based label reading may be affected by practical issues such as poor 

lighting, low clarity, unsuitable camera angles, and text recognition difficulties. These factors 

may reduce the accuracy of the extracted nutritional values and, consequently, the reliability of 

the final assessment. Third, manual data entry introduces the possibility of user-generated er-

rors. Incorrect entry of nutritional values may directly influence the classification results. In 

addition, the current rule-based system simplifies nutritional assessment by focusing on a limi-

ted number of key variables. Although this improves interpretability, it may also reduce sensiti-

vity in borderline or mixed cases. 

These limitations indicate that future work should involve larger datasets, improved image pro-

cessing performance, and more refined decision mechanisms that preserve explainability while 

increasing analytical precision. 

6.            Conclusion 

         This study demonstrates that a rule-based decision-support system can effectively analyze 

packaged foods based on nutritional thresholds and user-specific conditions. The developed 

model supports personalized analysis by taking into account both nutritional content and user-

specific characteristics, and it offers interpretable results that can help individuals make more 

informed dietary decisions.  

Although the present model is based on a relatively small pilot dataset and a simplified rule-

based logic, the findings suggest that such systems have significant potential for preventive 

healthcare applications. In the long term, this approach may contribute to healthier food choices, 

increased public awareness, and broader participation in health-related data generation. 

 

With further development, larger datasets, and improved algorithms, the model could evolve 

into a more robust system for personalized nutrition and public health applications. 
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