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Abstract:

With the increasing consumption of packaged and processed foods, consumers often face significant challenges in understanding com-
plex nutritional labels and determining the actual health impact of the products they consume. Many existing solutions either present raw nutri-
tional data without interpretation or rely on opaque scoring systems that lack transparency. To address these limitations, this paper presents
**YumCheck**, a smart food health analysis system designed to simplify nutritional evaluation through a clear, explainable, and user-friendly
approach. The system enables users to scan product barcodes using mobile devices or manually enter barcode numbers through a web-based
interface, ensuring accessibility across both mobile and desktop platforms. It integrates reliable external data sources, including the OpenFood-
Facts and USDA FoodData APIs, to retrieve comprehensive information such as nutritional values, ingredient lists, and additives. YumCheck
employs a rule-based scoring mechanism that evaluates products on a standardized scale of 0 to 10 by analyzing key nutritional factors such as
sugar, sodium, saturated fat, protein, and fiber, along with ingredient quality and the presence of potentially harmful additives. Unlike black-
box machine learning approaches, the system emphasizes transparency by clearly highlighting positive and negative aspects of a product and
providing concise, one-line explanations for additive-related risks. Furthermore, the application enhances user decision-making by recommend-
ing healthier alternatives within the same product category and allowing users to submit new product data when unavailable in existing data-
bases. Developed using Streamlit for the frontend, FastAPI for backend services, and SQLite for data storage, YumCheck demonstrates a light-
weight, scalable, and practical solution aimed at bridging the gap between nutritional data and consumer understanding, ultimately promoting
healthier and more informed food choices.

Keywords — A. Nutrition analysis, food transparency, automated nutrition systems, computer vision, optical character
recognition (OCR), barcode detection, multimodal learning, ingredient extraction, nutrient estimation, food image
recognition, health scoring algorithms, dataset limitations, robustness, personalization, nutrition repositories, consumer-
facing applications, AI-powered food recognition, multimodal data fusion, global nutrition databases, dietary analytics,
browser-based systems, lightweight web applications, YumCheck
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I. INTRODUCTION and follow inconsistent formats across countries and brands. As

a result, consumers frequently underestimate sugar, sodium,

The global shift toward industrially processed and packaged
food has increased dependence on nutritional labeling as a pri-
mary source of health information. However, empirical studies
indicate that many consumers struggle to interpret nutrition ta-
bles, ingredient lists, and serving-size calculations (Ref. 1) La-
bels are often printed in small fonts, use technical terminology,

and calorie intake, contributing to rising rates of obesity, hyper-
tension, and metabolic disorders (Ref. 2). Artificial Intelligence
(AI) and computer vision offer an opportunity to simplify nu-
tritional assessment by automatically analyzing food items
through images, barcodes, or OCR-based extraction. Several
systems now attempt to automate dietary assessment, ranging
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from early CNN-based recognition models to advanced trans-
former architectures and multimodal nutrient estimation net-
works (Ref. 3, Ref. 12). Parallel developments in barcode de-
tection (Ref. 15), mobile computer vision (Ref. 8), and cloud-
based nutrition databases such as OpenFoodFacts and USDA
FoodData Central (Ref. 6, Ref. 14) have made scalable nutrition
intelligence increasingly feasible

II. RELATED WORK

A. Food Classification Systems Paper

Recent research has explored the role of food processing-based
classification systems in evaluating dietary health. de Aratjo et
al. [1] conducted a comparative analysis of multiple food clas-
sification frameworks, including NOVA, TARC, IFPRI, IFIC,
and UNC, to assess their consistency in identifying ultra-pro-
cessed foods. Their study revealed significant discrepancies in
how different systems classify food items, leading to varying
estimates of ultra-processed food contribution within diets.
While the research highlights the importance of food pro-
cessing as a determinant of health outcomes, it also exposes a
lack of standardization across classification models, which may
affect policy recommendations and consumer understanding.
Furthermore, although these systems are valuable for epidemi-
ological studies, they do not provide real-time, product-level
evaluation for consumers. This limitation indicates the need for
simplified, unified, and user-centric approaches to food health
assessment.

B.  Front-of-Pack Labeling Policy Study

Front-of-pack nutrition labeling (FOPNL) has emerged as a key
strategy to combat diet-related non-communicable diseases.
Crosbie et al. [2] analyzed the development and implementa-
tion of FOPNL systems across countries in the Americas, high-
lighting their effectiveness in improving consumer awareness
and influencing healthier purchasing decisions. The study em-
phasizes interpretive labeling approaches, such as warning la-
bels and nutrient profile models, which simplify complex nu-
tritional information into easily understandable formats. Evi-
dence suggests that such systems can lead to reduced consump-
tion of products high in sugar, sodium, and fats, while also en-
couraging food manufacturers to reformulate products. How-
ever, the study also notes challenges in policy adoption, varia-
tion in implementation strategies, and limitations in consumer
comprehension when labels are overly complex or non-inter-
pretive. These findings underscore the importance of clear,
standardized, and user-friendly nutrition evaluation systems.

C. Health Star Rating (HSR) System Study

Nutrient profiling systems play a crucial role in evaluating the
healthiness of packaged foods. Dunford et al. [3] utilized the
Health Star Rating (HSR) system to compare the nutritional
quality of packaged food products across 12 countries. The
HSR model assigns ratings based on both negative nutrients
(such as sugar, sodium, and saturated fat) and positive
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components (such as protein and fiber), providing a balanced
assessment of food quality. Their findings indicate significant
variability in product healthiness across countries, with nations
such as the UK, USA, and Australia ranking higher, while
countries like India consistently ranked among the least healthy
due to higher levels of critical nutrients in packaged foods.
While the HSR system offers a structured and quantitative
method for food evaluation, the study highlights the absence of
a universally accepted nutrient profiling model and the chal-
lenges associated with comparing diverse food environments,
along with limited consideration of ingredient quality and ad-
ditives.

D. Nutri-Score Labeling System

The Nutri-Score system represents a widely adopted front-of-
pack labeling approach designed to improve consumer under-
standing of food quality. Hercberg et al. [4] describe Nutri-
Score as a color-coded grading system ranging from A (health-
iest) to E (least healthy), based on a nutrient profiling algorithm
that considers both beneficial and harmful components of food
products. The system is supported by extensive scientific vali-
dation and has been shown to effectively guide consumers to-
ward healthier choices while encouraging product reformula-
tion by manufacturers. Its strength lies in its simplicity, inter-
pretability, and alignment with public health recommendations.
However, despite its effectiveness, Nutri-Score provides only a
relative comparison of products and may not fully account for
factors such as food processing level, ingredient complexity, or
additive risks. This highlights the need for more comprehensive
and transparent evaluation systems.

III. PROPOSED METHODOLOGY

A. Data Acquisition
The system supports two primary input methods:

1. Barcode Scanning (Mobile Users):
YumCheck utilizes the browser-based Barcode De-
tection API to capture and decode barcodes in real
time using the device camera. This approach elimi-
nates the need for external applications and ensures
lightweight deployment.

2.  Manual Barcode Entry (Desktop Users):
Users can manually input barcode numbers
(EAN/UPC), which are then used as unique identifi-
ers for product lookup.

This dual-input mechanism ensures robustness and accessi-
bility across different platforms.
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B. Product Identification
Once a barcode is obtained, the system follows a hierarchical
lookup strategy:
1. Local Database (SQLite):
The system first checks for cached product data to re-
duce latency and improve performance.
2. OpenFoodFacts API:
If the product is not found locally, the system queries
the OpenFoodFacts database, which provides exten-
sive information including nutrition values, ingredi-
ents, additives, and product metadata.
3. USDA FoodData Central API (Fallback):
In cases where data is incomplete or unavailable, the
system retrieves standardized nutritional information
from the USDA database.
The retrieved data is normalized into a consistent internal
schema to ensure compatibility across different data
sources.

C. Data Processing and Normalization
The collected data undergoes preprocessing to ensure con-
sistency and accuracy. This includes:

e Conversion of all nutritional values to a standard unit

(per 100g)

e Cleaning and parsing ingredient lists

e Identification and extraction of additives

e Handling missing or inconsistent values

D. Health Scoring Mechanism

YumCheck employs a transparent, rule-based scoring system to
evaluate food healthiness on a scale of 0 to 10. The scoring
model is inspired by established systems such as Nutri-Score
and Health Star Rating but is adapted to improve interpretabil-
ity and include additive risk analysis.
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The total score is computed as:

Total Score = Nutrition Score (6) + Additive Score (2) + Ingre-
dient Quality Score (2)

1. Nutrition Score (60%)
Evaluates key nutrients such as sugar, sodium, satu-
rated fat, protein, and fiber based on predefined thresh-
olds.

2. Additive Risk Score (20%)
Detects harmful additives and assigns penalties based
on risk levels. Each additive is accompanied by a one-
line explanation describing its potential health impact.
3. Ingredient Quality Score (20%)
Assesses ingredient complexity, presence of artificial
substances, and overall ingredient transparency.

E. Result Generation and Visualization
After score computation, the system generates a structured out-
put consisting of:

e  Overall health score (0-100)

e Category classification (Excellent, Good, Moderate,

Poor)

e Positive nutritional aspects (e.g., high protein, good fi-
ber)

e Negative nutritional aspects (e.g., high sodium, high
sugar)

e  Additive risk explanations

e Detailed nutrient breakdown
The results are displayed using a clean, color-coded interface
to enhance user understanding.

\V,

Z Thums Up Soft Drink,
250ml

28/100

Nutrients Per 100m!
Energy (keal) %
Carbohydrate (g) 9
Sugars (g) 9
Protein (g) 0

0

Fat(g)

Fig: Overall health score

F. Healthy Alternative Recommendation
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To assist users in making better choices, YumCheck includes a
recommendation module that suggests healthier alternatives.
The system identifies products within the same category and
ranks them based on higher health scores, providing users with
practical and actionable insights.

G. Product Submission Mechanism

In cases where a product is not available in existing databases,
users can manually submit product details, including nutritional
values and ingredient lists. The system processes this data,
computes the health score, and stores it in the local database for
future use, thereby improving system coverage over time.

IV. RESULT

1. System Performance

The YumCheck system was tested on a diverse set of
packaged food products using both barcode scanning and
manual input methods. The barcode detection mechanism
demonstrated high accuracy and reliability, successfully
identifying products in real-time under standard lighting
conditions. The integration with external APIs such as
OpenFoodFacts and USDA ensured broad product cover-
age, while the local SQLite database significantly reduced
response time for previously accessed items.

2.  Health Score Evaluation

The rule-based scoring system effectively categorized
food products into four distinct classes: Excellent, Good,
Moderate, and Poor. Products with high levels of sugar,
sodium, and saturated fat consistently received lower
scores, while those rich in protein and fiber achieved
higher ratings. The scoring model provided consistent and
interpretable results across different product categories,
validating its effectiveness as a transparent alternative to
existing black-box systems.

3. Nutritional Insight Generation

The system successfully highlighted key nutritional in-
sights for each product, including positive attributes (such
as high protein or fiber content) and negative factors (such
as excessive sodium or sugar levels). Users were able to
easily interpret these insights due to the clear separation
of “What’s Good” and “What to Watch” sections. Addi-
tionally, the additive detection module provided concise
explanations for potentially harmful substances, enhanc-
ing user awareness and understanding.

4. Healthy Alternative Recommendations
The recommendation module demonstrated the ability to
suggest healthier alternatives within the same product cat-
egory. By comparing health scores across similar items,
the system provided users with practical options for
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improving dietary choices. This feature adds significant
value by not only identifying unhealthy products but also
guiding users toward better alternatives.

5. System Usability
The Streamlit-based interface offered a smooth and intui-
tive user experience. The mobile-first design ensured ef-
fective usability for barcode scanning, while the desktop
mode supported manual input seamlessly. The color-
coded visualization of results improved readability and re-
duced cognitive effort required to interpret nutritional
data.
The results indicate that YumCheck successfully bridges the
gap between complex nutritional data and user-friendly inter-
pretation. Compared to traditional labeling systems, the pro-
posed approach provides a more transparent, explainable, and
actionable evaluation of food products. The integration of ad-
ditive risk analysis and alternative recommendations further en-
hances its practical applicability. However, future improve-
ments can focus on expanding database coverage, incorporating
personalization, and integrating Al-based recognition for non-
packaged foods.

V. CONCLUSION AND FUTURE SCOPE

A. Conclusion:

The rapid global shift toward packaged and ultra-processed
food consumption has introduced significant challenges in nu-
tritional awareness, food transparency, and public health. Mul-
tiple studies highlight that poor dietary patterns are directly
linked to rising rates of obesity, diabetes, cardiovascular dis-
eases, and other non-communicable diseases. Research on food
classification systems demonstrates inconsistencies in defining
and evaluating ultra-processed foods, while front-of-pack la-
beling studies emphasize that consumers often struggle to in-
terpret raw nutritional data effectively. Similarly, nutrient pro-
filing systems such as Health Star Rating and Nutri-Score pro-
vide simplified indicators but lack comprehensive coverage of
ingredient quality and additive risks. These limitations collec-
tively indicate a critical gap between available nutritional data
and its practical usability for everyday consumers.

This challenge is particularly significant in countries like India,
where rapid urbanization, increased reliance on packaged foods,
and lack of standardized labeling awareness contribute to grow-
ing health concerns. A large portion of the population is unable
to interpret nutrition tables, often underestimating the intake of
sugar, sodium, and unhealthy fats. Additionally, issues such as
inconsistent labeling formats, hidden additives, misleading
marketing strategies, and limited access to reliable nutritional
guidance further complicate informed decision-making. These
factors highlight broader food security concerns—not only in
terms of food availability but also food quality, safety, and con-
sumer awareness.
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In this context, the proposed system, YumCheck, addresses
multiple dimensions of food-related challenges by providing a
transparent, accessible, and explainable nutrition analysis plat-
form. Unlike traditional systems that rely on static labels or
opaque scoring algorithms, YumCheck integrates barcode-
based identification with global nutrition databases to deliver
real-time product-level insights. By employing a rule-based
scoring mechanism, the system ensures interpretability, allow-
ing users to understand exactly why a product is classified as
healthy or unhealthy. The inclusion of additive risk explana-
tions further enhances transparency by highlighting potential
long-term health impacts that are often overlooked in conven-
tional labeling systems.

Furthermore, YumCheck contributes to addressing food secu-
rity challenges by empowering users with actionable
knowledge. Instead of merely presenting nutritional data, the
system translates complex information into intuitive insights
such as positive and negative indicators, overall health scores,
and healthier alternatives within the same category. This ap-
proach aligns with research findings that emphasize the im-
portance of interpretive systems over purely numerical labels.
The lightweight, browser-based architecture ensures accessibil-
ity without requiring specialized hardware or installations,
making it suitable for widespread adoption across diverse pop-
ulations.

The system also bridges the gap between academic research
and real-world application by integrating key advancements
identified in the literature, including barcode-based identifica-
tion, crowdsourced nutrition databases, and health scoring
frameworks. While existing studies focus on isolated compo-
nents such as food classification, labeling policies, or nutrient
profiling, YumCheck demonstrates how these elements can be
combined into a unified, user-centric solution. As a result, it not
only enhances individual dietary decision-making but also con-
tributes to broader public health awareness.

B. Future Scope:
While YumCheck demonstrates promising results, several di-
rections can further enhance its capabilities and scalability.

1. Independent Nutrition Database:

A major future improvement involves developing a
proprietary nutrition database to eliminate depend-
ency on external APIs such as OpenFoodFacts and
USDA. This would ensure higher reliability, faster re-
sponse times, and better control over data quality. Ad-
ditionally, it would allow improved coverage of re-
gion-specific products, particularly in countries like
India where many local and unbranded food items are
not well represented in global databases.
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2. Personalized Nutrition Intelligence:
Integration of user-specific health parameters such as
age, medical conditions (e.g., diabetes, hypertension),
and dietary preferences to provide customized health
scores and recommendations.

3. AI-Based Food Recognition:

The system can be extended to support analysis of un-
packaged, homemade, and restaurant food items using
advanced computer vision techniques. This includes
the use of Convolutional Neural Networks (CNNs) for
feature extraction and Vision Transformers (ViTs) for
capturing global contextual information in complex
food images.

4. Advanced Additive Risk Modeling:
Development of a comprehensive additive knowledge
base with severity scoring, long-term health impact
analysis, and regulatory mapping.

5. Multimodal System Integration:

Future versions of YumCheck can adopt a fully mul-
timodal architecture that integrates multiple input
sources, including barcode scanning, OCR-based la-
bel extraction, and image recognition. This unified
pipeline would allow the system to function effec-
tively even when one data source is incomplete or un-
available. For instance, OCR can extract nutritional
information when barcodes fail, while image recogni-
tion can identify food items in the absence of packag-
ing.

6. Offline and Edge Capabilities:
Enabling offline functionality and edge-based pro-
cessing to ensure usability in low-connectivity envi-
ronments.

7. Sustainability Metrics:
Incorporating environmental indicators such as carbon
footprint, processing impact, and supply chain trans-
parency for holistic food evaluation.

YumCheck demonstrates how modern web technologies and
research-driven methodologies can be leveraged to address
real-world challenges in food transparency and nutrition aware-
ness. By reducing dependency on external systems and evolv-
ing toward a self-sustained, intelligent platform, YumCheck
has the potential to become a scalable and globally relevant so-
lution for promoting healthier dietary choices and improving
public health outcomes.
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