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ABSTRACT- The increasing awareness of health and nutrition has created a growing demand for
intelligent systems that can assist individuals in making better dietary choices. This project presents an
Al-Based Food Detection System with Freshness Analysis, Nutrition Estimation, and Personalized Diet
Planning using full-stack development and machine learning techniques. The proposed system leverages

computer vision and deep learning models to accurately detect and classify food items from images in real
time.

In addition to food recognition, the system incorporates freshness analysis by evaluating visual features
such as color, texture, and appearance to determine the quality and edibility of food. Nutritional
information, including calories, proteins, carbohydrates, and fats, is estimated using integrated food
databases and predictive models. Based on the user’s health profile, dietary preferences, and nutritional
requirements, the system further generates personalized diet plans to promote healthier eating habits.

The full-stack implementation ensures seamless interaction between the front-end user interface and back-
end processing, enabling real-time data analysis and recommendations. This integrated approach
enhances user experience while providing a comprehensive solution for food monitoring, nutrition
tracking, and diet management. The system can be effectively applied in healthcare, fitness tracking,
smart kitchens, and lifestyle management applications.

Keywords

Artificial Intelligence (AI), Machine Learning (ML), Food Detection, Computer Vision, Freshness
Analysis, Nutrition Estimation, Personalized Diet Planning, Deep Learning, Full Stack Development,
Health Monitoring System

I. INTRODUCTION data, leading to the development of automated

The rapid advancement of Artificial Intelligence
(Al) and Machine Learning (ML) has
significantly  transformed various sectors,
including healthcare, agriculture, and food
technology. In recent years, intelligent food
analysis systems have gained considerable
attention due to the increasing need for healthy
lifestyle management and dietary monitoring.
Traditional methods of food assessment and
nutrition tracking are often manual, time-
consuming, and prone to inaccuracies, making
them inefficient for real-time applications [1],
[2].

Computer Vision (CV), a subfield of Al, has
enabled machines to interpret and analyze visual

food recognition systems. Deep learning models,
particularly Convolutional Neural Networks
(CNNs), have demonstrated high accuracy in
identifying food items from images by
extracting complex visual features [3], [4].
These systems are widely used in mobile
applications and smart devices to assist users in
tracking their dietary intake without manual
input [5].

Food freshness analysis is another critical aspect
of food quality assessment, as consuming
spoiled food can lead to serious health issues.
Al-based freshness detection systems utilize
image processing techniques to evaluate
parameters such as color, texture, and surface
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conditions to determine the quality of food items
[6], [7]. Such systems play a vital role in
reducing food waste and ensuring food safety in
both household and industrial settings [8].

In addition to detection and freshness evaluation,
estimating the nutritional content of food is
essential for maintaining a balanced diet. Al-
driven nutrition estimation systems combine
food recognition with nutritional databases to
calculate calorie content and macronutrient

composition, including proteins, fats, and
carbohydrates [9], [10]. These systems help
individuals monitor their dietary intake more
accurately and make informed decisions
regarding their health [11].

Furthermore, personalized diet planning has
emerged as a key application of Al in healthcare
and wellness. By analyzing user-specific data
such as age, weight, medical conditions, and
lifestyle habits, Al models can generate
customized diet plans tailored to individual
needs [12], [13]. This approach enhances user
engagement and promotes long-term adherence
to healthy eating practices [14].

The integration of full-stack technologies with
Al and ML enables the development of scalable
and user-friendly applications that provide real-
time food analysis and recommendations. Such
systems offer a comprehensive solution by
combining food detection, freshness analysis,
nutrition estimation, and personalized diet
planning into a single platform [15]. This project
aims to design and implement an intelligent
system that leverages these technologies to
improve dietary awareness and overall health
management.

II. LITERATURE SURVEY

Recent advancements in Al-based food analysis
systems have significantly contributed to the
development of intelligent dietary monitoring
applications. Mehdi Rabbani et al. (2020)
proposed a deep learning-based food recognition
framework that utilizes convolutional neural
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networks to improve classification accuracy
across diverse food categories. Their work
demonstrated that transfer learning techniques
can significantly enhance performance while
reducing training time [16].

Nuno C. Duarte et al. (2019) developed a
mobile-based food recognition system that
integrates image processing and cloud-based
computation. Their approach enabled real-time
food identification and dietary tracking, making
it suitable for everyday health monitoring
applications [17].

Hsin-Chen Chen et al. (2018) focused on food
freshness detection using computer vision
techniques. Their study utilized color and texture
analysis to determine the spoilage level of fruits
and vegetables, demonstrating high accuracy in
identifying freshness levels [18].

Yong-Yeol Ahn et al. (2021) explored large-
scale food image datasets to analyze eating
patterns and nutritional habits. Their research
highlighted the importance of data-driven
approaches in understanding dietary behavior
and improving recommendation systems [19].
Kaiming He et al. (2016) introduced deep
residual networks (ResNet), which have been
widely adopted in food image recognition tasks
due to their ability to train very deep neural
networks  efficiently.  This
significantly improved recognition accuracy and

architecture

has been extensively used in food detection
systems [20].

Takuya Kawano et al. (2017) developed a
smartphone-based dietary assessment system
that combines food image recognition with
nutritional databases. Their system provided
automatic calorie estimation, reducing user
dependency on manual input [21].

Seyed Ali Mirjalili et al. (2020) explored
optimization techniques in machine learning
models for improving classification accuracy in
food recognition systems. Their work
emphasized the role of hybrid algorithms in
enhancing system performance [22].
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Jingjing Chen et al. (2022) proposed an Al-

driven personalized diet recommendation system
that considers user preferences, health
conditions, and nutritional requirements. Their
system demonstrated improved user satisfaction
and adherence to dietary plans [23].

Wei Liu et al. (2016) introduced the Single Shot
MultiBox Detector (SSD) for real-time object
detection, which has been effectively applied in
food detection systems for faster and more
accurate identification [24].

Li Deng et al. (2014) provided a comprehensive
overview of deep learning applications,

including image recognition and natural data
processing. Their work laid the foundation for
many Al-based food analysis systems used
today [25].

II. PROPOSED METHODOLOGY

The proposed system, Al-Based Food Detection
with Freshness Analysis, Nutrition Estimation,
and Personalized Diet Planning, is designed as
an integrated framework combining computer
vision, machine learning, and full-stack
technologies. The methodology is divided into
multiple stages to ensure accurate food analysis
and intelligent dietary recommendations.

1. Data Collection and Dataset Preparation
The first step involves collecting a diverse
dataset of food images from publicly available
datasets such as Food-101 and custom datasets.
The dataset includes various categories of food
items along with labeled freshness levels (fresh,
semi-fresh, spoiled). Data preprocessing
techniques such as resizing, normalization,
augmentation (rotation, flipping, scaling), and
noise removal are applied to improve model
generalization and performance.

2. Food Detection and Classification

A deep learning model based on Convolutional
Neural Networks (CNNs), such as ResNet or
MobileNet, is used for food detection and
classification. The model is trained to identify
different food items from input images captured
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via a camera or uploaded by the user. Feature
extraction is performed automatically by the
CNN layers, enabling accurate classification
even in complex backgrounds.
3. Freshness Analysis Module
The freshness of the detected food is analyzed
using image processing and machine learning
techniques. Visual features such as:

e Color variations

o Texture patterns

e Surface irregularities
are extracted and evaluated. A classification
model (e.g., SVM or CNN) is used to categorize
food into freshness levels. This helps users
determine whether the food is safe for
consumption.
4. Nutrition Estimation
Once the food item is identified, the system
retrieves nutritional information from a
predefined database (such as USDA or custom
dataset). The system estimates:

e (alories

e Proteins

e Carbohydrates
e Fats

Portion size estimation can be incorporated
using image-based scaling or user input. The
nutritional values are then calculated and
displayed to the user.

5. Personalized Diet Planning
The system collects user-specific data such as:
e Age, weight, height
e Health conditions (e.g., diabetes,
obesity)
e Dietary preferences (vegetarian/non-
vegetarian)
Using this data, a recommendation algorithm
generates personalized diet plans. Machine
learning models or rule-based systems are used
to suggest meals that meet daily nutritional
requirements while considering user goals such
as weight loss, maintenance, or muscle gain.
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Figure 1. System Architecture of Al-Based Food
Detection System with Freshness Analysis,
Nutrition Estimation, and Personalized Diet

Planning.

The proposed system architecture is designed as
a multi-stage pipeline that integrates computer
vision, machine learning, and full-stack
technologies to provide intelligent food analysis
and dietary recommendations. The input layer
consists of two primary components: image data
captured through a camera or uploaded by the
user, and user profile information such as age,
weight, health conditions, and dietary
preferences. The captured image is first
processed by a food detection and classification
module based on Convolutional Neural
Networks (CNNs), which identifies the food
item. The output is then passed to the freshness
analysis module, where image processing
techniques evaluate visual features like color,
texture, and surface patterns to determine food
quality.

Following this, the nutrition estimation module

retrieves relevant nutritional values such as

calories, proteins, fats, and carbohydrates from a

structured database. These results, along with

user profile data, are fed into the personalized
diet planning module, which uses machine
learning  algorithms and recommendation
techniques to generate customized diet plans.
The system is supported by a full-stack
framework, including a frontend interface for
user interaction, a backend server for processing
logic, and a database for storing user and food-
related data. Finally, the output layer presents
the detected food item, freshness status,
nutritional information, and personalized diet
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recommendations in a user-friendly format,
ensuring real-time and efficient decision-making
for healthier living.

IV.  RESULTS & DISCUSSION

The proposed Al-based food detection system
was evaluated using a diverse dataset of food
images with varying freshness conditions. The
system demonstrated high performance in food
classification, freshness detection, and
nutritional estimation. The CNN-based model
achieved strong accuracy in identifying food
items, while the freshness analysis module
effectively distinguished between fresh and
spoiled food based on visual features. The
nutrition estimation module provided reliable
approximations when compared with standard
nutritional ~ databases.  Additionally, the
personalized diet planning module generated
relevant and user-specific recommendations
based on input profiles. Overall, the system
showed efficient real-time performance, making
it suitable for practical deployment in health
monitoring and smart dietary applications.

Table 1: Food Detection Performance

Model Accurac | Precisio | Recal | F1-

Used y (%) n (%) 1(%) | Scor
e
(%)

CNN 89.2 88.5 87.9 | 88.2

(Basic)

MobileN | 92.6 91.8 912 | 915

et

ResNet5 | 954 94.8 942 | 945

0

Received: 28-02-2026 | Accepted: 01-04-2026 | Published: 09-04-2026 | www.ajmimc.com 264



http://www.ajmimc.com/

AMERICAN JOURNAL OF
MANAGEMENT AND 10T MEDICAL COMPUTING

— E-ISSN :3069-0110 -

Accuracy Comparison of Models

100

Accuracy (%)

CNN MobileNet ResNet50
Model Type

Figure 2. Accuracy Comparison of Different
Deep Learning Models for Food Detection
Table 2: Freshness Detection Accuracy
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Protein 10g 94¢g 6.0
Carbohydrates | 35 g 332¢g 5.1
Fats 12¢g 113 ¢ 5.8

Food Fres | Semi | Spoile | Overall
Type h - d (%) | Accurac
(%) | Fres y (%)
h
(%)
Fruits 96.2 | 91.5 |938 93.8

Vegetable | 94.7 | 90.2 | 92.6 92.5
s

Cooked 92.1 88.7 1903 90.4
Food

Freshness Classification Accuracy

250
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150

Accuracy (%)

100

50

Fruits Vegetables Cooked Food
Food Type

Figure 3. Freshness Classification Accuracy
Across Food Categories
Table 3: Nutrition Estimation Error Analysis

Parameter Actual | Estimated | Error
Value | Value (%)

Calories 250 238 kcal 4.8
kcal

Actual vs Estimated Nutrition

250 o

2004

1504

Values

1004

50+

0

Calories Protein Carbs Fats
Nutritional Parameters

Figure 4. Comparison of Actual vs Estimated
Nutritional Values

Discussion

The experimental results indicate that the
proposed system performs effectively across all
modules, including food detection, freshness
analysis, and nutrition estimation. The use of
advanced deep learning models such as ResNet
significantly improved classification accuracy
compared to basic CNN architectures. The
freshness detection module also demonstrated
strong performance, particularly for fruits and
vegetables, although slightly lower accuracy was
observed for cooked food due to complex
textures and visual variations. The nutrition
estimation module produced close
approximations to actual values, with minimal
error margins, validating the reliability of the
system.

Furthermore, the integration of personalized diet
planning enhances the practical applicability of
the system by providing customized
recommendations based on user-specific health
data. The full-stack implementation ensures
smooth  communication between system
components, enabling real-time processing and
user interaction. However, the system may face
limitations when handling mixed food items,
complex dishes, or varying lighting conditions.
Future improvements can focus on incorporating
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advanced segmentation techniques, larger
datasets, and multimodal inputs such as weight
sensors to further enhance system accuracy and
robustness.

V. CONCLUSION

The proposed Al-Based Food Detection System
with Freshness Analysis, Nutrition Estimation,
and Personalized Diet Planning successfully
integrates advanced machine learning, computer
vision, and full-stack technologies to provide a
comprehensive solution for smart dietary
management. The system effectively identifies
food items wusing deep learning models,
evaluates  freshness through image-based
analysis, and estimates nutritional values with
minimal error. The incorporation of personalized
diet planning further enhances its usefulness by
delivering customized recommendations based
on individual wuser profiles and health
requirements.

The experimental results demonstrate that the
system achieves high accuracy in food
classification and reliable performance in
freshness detection and nutrition estimation. The
full-stack  architecture  ensures  seamless
interaction between system components,
enabling real-time processing and user-friendly
visualization of results. Overall, the system
offers a scalable and efficient approach to
promoting healthy eating habits and improving
lifestyle management. Future enhancements can
focus on handling complex food mixtures,
improving portion size estimation, and
integrating wearable or IoT devices to further
strengthen the system’s accuracy and real-world
applicability.
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