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Abstract—NutriScope is designed for food product
analysis using image recognition and data analytics.
It is built with a MERN stack. Users upload the
images of food items, and the system processes
through the Gemini API for obtaining nutritional
information, which includes certain nutrients,
possible health risks, and if it’s appropriate for a
given age and gender. This enables appropriate
dietary choices to be made. NutriScope feature allows
users to compare several food products at a time. The
system first groups products into high-protein, high-
carb, and balanced, using k-means clustering and
Chart.js. Nutritional data visualization enables users
to see variations in nutrients and determine the most
nutritious food product. A history sidebar also
enables users to keep track of previous analyses and
trends. MongoDB ensures security and stores users’
product analysis history. The application also
employs AES encryption for user authentications.
Real-time updates, APl optimization, image
validation, error handling, and wuser interaction
enhance performance. The system can be accessed
remotely via a responsive interface. NutriScope serve
as an advanced food product analysis platform that
enables users to make healthy lifestyle choices using
data-driven nutritional decisions.

Key words —ALI in nutrition, Chart.js, Gemini API,
K-Means clustering, MERN stack, MongoDB Atlas

I. INTRODUCTION

In today’s fast-paced world, making informed
dietary choices is essential for maintaining a healthy
lifestyle. With a wvast array of food products
available in the market, consumers often struggle to
understand their nutritional value and make the best
choices for their health. NutriScope is a MERN
stack-based application designed to bridge this gap
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by providing detailed nutritional insights using
image recognition and data analytics. By leveraging
the Gemini API, the system extracts crucial
nutritional information from uploaded food product
images, including macronutrient content, potential
health risks, and suitability based on age and gender.
One of the standout features of NutriScope is its
Smart Comparison module, which enables users to
compare multiple food products based on their
nutritional composition. The system employs k-
means clustering to categorize products into groups
such as high-protein, high-carb, or balanced, while
Chart.js provides visual comparisons of nutrient
differences. A history sidebar allows users to track
their past analyses and identify trends in their food
choices, making it easier to maintain a balanced diet
over time. To ensure security and -efficiency,
NutriScope integrates AES encryption for user
authentication and MongoDB for storing product
analysis history. Advanced API optimizations, error
handling, image validation, and real-time updates
enhance the user experience. With a seamless
interface and powerful analytics, NutriScope serves
as a comprehensive nutritional analysis tool,
empowering users to make data-driven food choices
for a healthier lifestyle.

II. LITERATURE REVIEW

Tripathy et al.[l] proposed an
dimensionality reduction approach

integrated
to explore
nutritional data more effectively. Their work
emphasized handling complex datasets and
extracting actionable insights for end-users, which
directly supports the need for systems like
NutriMap that interpret unstructured food data for
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personalized guidance.Ali et al.[2] demonstrated a formatted for analysis. This step ensures that the input

is in a standard format and quality, enabling consistent

food recommendation engine that employs
clustering techniques based on user preferences and
dietary  habits.  Their  approach  supports
NutriScope’s use of K-means clustering, which
categorizes food items to help users make better
comparative choices based on nutrition profiles.
Fulgoni et al.[3] analyzed variability in nutrient
intake among U.S. adults, highlighting the disparity
in access to nutrient-dense foods. This underscores
the relevance of tools like NutriScope that assess
the health value of foods in real-time and help users
avoid nutrient deficiencies by  providing
comparative insights. Baek et al.[4] proposed a
hybrid clustering framework for personalized health
decision-making, especially targeting dietary
improvement. Their study forms the basis for
NutriScope’s Smart Comparison module, which
integrates machine learning with visual analytics to
offer targeted nutritional comparisons.

III. METHODOLOGY

A. SYSTEM ARCHITECTURE

Image lnput  Feature Extraction Data Clustering Frontend
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a. Image Input
This is the starting point of the system. The user
uploads an image of a packaged food item (e.g., a
snack box). This image acts as the raw input for the
entire analysis pipeline. The food image is expected to
contain details like the product label, ingredients list,
and nutritional information printed on the packaging.
b. Preprocessing
Once the image is uploaded, it wundergoes
preprocessing, where it is cleaned, validated, and
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results from downstream processing.

c. Feature Extraction
In this stage, the preprocessed image is analyzed
using Al (e.g., Gemini API). The system extracts
structured nutritional information from the image,
such as Nutrient values,Suitability,Health Risks.
This is a critical Al-driven part of the system where
raw pixels are converted into meaningful nutritional
data.

d. Data Clustering
The extracted nutritional data is sent to the K-
Means Clustering algorithm, which categorizes the
product into one of three groups High-Protein,
High-Carb, Balanced. This helps the user
understand what kind of food product they’re
analyzing. The clustering is based on the proportion
of nutrients in the food, offering personalized
dietary insight.

e. MongoDB Database
The MongoDB Atlas database serves as the central
storage layer. It stores all processed data, including:
Nutritional ~ values, Clustering results,Health
suitability, User authentication details, User’s
previous analysis history. This allows the app to
maintain long-term wuser history and support
comparisons over time.

f. Frontend — React + Chart.js
The frontend is developed using React.js for UI
rendering and Chart.js for visualizations. It’s
responsible for displaying: Results of the clustering,
Nutrient data, Comparisons across products
Chart.js renders graphs like: Pie Charts, Bar Charts,
Radar Charts. This makes complex nutritional data
easier to understand through visuals.

g. Authentication
Before allowing access to data, the system
authenticates the user. It uses AES (Advanced
Encryption Standard) to: Secure login credentials,
Encrypt session and user data, Protect user-specific
analysis history
This is vital for privacy and data protection.

h. Visualization
After authentication, the system presents the user
with a dashboard that includes: Visualizations of
nutrients, Pie Charts showing nutrient distribution.
History tracking, allowing users to compare new
items with past scans. All of this is fetched secure
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from the MongoDB database and rendered in
real time.

i. User
The end user is the consumer of insights. They
receive a graphical, interactive summary of the
food item’s health profile. They can explore:
Nutritional quality, Health warnings, Dietary
suggestions. This helps them make better food
choices based

real-time, Al-powered analysis.

B. IMPLEMENTATION

Step 1: User Authentication

Step 2: Image Input and Validation

Step 3: Nutritional Information Extraction

Step 4: Store Product Analysis

Step 5: Product Comparison

Step 6: K-Means Clustering

Step 7: Nutritional Visualization

Step 8: Real-Time Interaction and Feedback

Step 9: Error Handling and Security

Step 10: Logout and Session End

IV. RESULTS AND DISCUSSION

The NutriScope successfully analyzes and compares
food products based on nutritional value, ingredient
quality, and dietary suitability. Users can upload an
image or enter a product name, and the system
provides real-time analysis using the Gemini API. The
results include a detailed breakdown of nutrients,
categorization into high-protein, high-carb, or
balanced groups, and an assessment of potential health
risks based on individual factors like age and gender.
The system’s comparison feature enables users to
evaluate multiple products side by side. Utilizing
Chart.js visualizations, users can easily interpret
nutrient differences and make informed dietary
choices. The k- means clustering algorithm further
enhances categorization, allowing for more structured
nutritional insights. The sidebar history feature
enables users to track previous analyses, providing a
long-term view of their dietary patterns. Performance
testing showed that the system effectively retrieves
and processes data with minimal latency. MongoDB
Atlas ensures secure storage, and AES encryption
protects user data, enhancing privacy and reliability.
Additionally, the real-time API optimizations and
error-handling mechanisms contribute to seamless
user experience and high system efficiency.

Overall, the NutriScope system delivers fast, accurate,

and insightful food product analysis, helping users
make health-conscious decisions based on scientific
data and AIl- driven insights.utriScope serves as a
comprehensive nutritional analysis tool, empowering
users to make data-driven food choices for a healthier
lifestyle.

Welcome To NutriScope

sgnin

Sigridp

Fig 1: Welcome page of NutriScope providing
entry point for users with navigation options.

Fig 2: User registration (Sign Up) interface with
secure input validation and AES-encrypted
authentication.

° ...

Fig 3: User login (Sign In) page enabling secure access
to personalized food analysis features
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Fig 4: User interface for image upload and Fig 7: Product clustering output using K-Means
authentication in the NutriScope system. algorithm based on nutritional values.
] ] . L] o

Fig 5: Nutritional analysis results extracted Fig 8: Real-time graphical visualization of
using Gemini API after image input. nutrient data using Chart.js.
® . : -3 e : B

Fig 6: Comparison view showing multiple food
products with nutritional breakdown.

Fig 9: Real-time graphical visualization of
nutrient data using Chart.js.
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Fig 10: Nutritional history page showing
previously analyzed food items.

V. CONCLUSION

The NutriScope system effectively addresses the
challenges of nutritional analysis and food product
comparison by integrating real-time Al-based insights,
historical tracking, and intuitive visualizations. It
enables users to make informed dietary choices by
analyzing nutritional values, ingredient quality, and
potential health impacts based on age and gender. The
system ensures accuracy and efficiency by leveraging
the Gemini API for food analysis, MongoDB Atlas for
secure storage, and Chart.js for clear data visualization.
food
categorization and real-time API optimizations, the

By incorporating k-means clustering for
system enhances precision and usability. Users can
compare multiple food products using interactive
charts, providing a comprehensive view of their
Additionally, the
history feature allows users to track past analyses,
long-term  dietary

AES  encryption and
authentication further ensure user data protection. The

nutritional differences. sidebar

promoting awareness  and
improvement. secure
system’s performance evaluation demonstrates high
efficiency, minimal latency, and accurate product
classification. The integration of structured data
processing
improves traditional food analysis methods, reducing

and Al-driven insights significantly
the need for manual input while offering personalized
recommendations. In conclusion, NutriScope is a
powerful, data-driven tool that empowers individuals

to make healthier food choices. By bridging the gap

between nutritional science and technology, it enhances
dietary awareness, simplifies decision- making, and
contributes to better overall health. Integration with
Wearables and Health Apps: Sync user data from
fitness trackers health apps to provide real-time dietary
suggestions based on activity levels, calorie burn, and
health goals.

VL.FUTURE SCOPE

The NutriScope system presents a strong foundation for
intelligent dietary decision-making, and several
promising avenues exist for its future enhancement.
One of the most impactful directions is the integration
with wearable health devices such as fitness trackers
and smartwatches. This would enable the system to
provide real-time, personalized nutritional
recommendations based on physiological metrics like
activity level, heart rate, and caloric expenditure.
Additionally, expanding the platform to support
multiple languages and regional food databases would
make it more inclusive and adaptable to diverse
populations, catering to cultural and dietary differences.
Another significant advancement could involve
incorporating Al-driven meal planning and grocery list
generation based on users’ nutritional goals, allergies,
and past consumption patterns.  Furthermore,
implementing voice and chatbot interfaces could
simplify user interaction, especially for visually
impaired or elderly users. Finally, the system could
evolve to include predictive analytics for long-term
health forecasting, alerting users to potential health
risks based on their dietary history and offering
preventive suggestions. These enhancements would
transform NutriScope into a comprehensive, intelligent
dietary assistant promoting sustained health and well-
being.
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