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Abstract

Food quality assessment is a critical aspect of food safety, public health, and supply chain management. Traditional food
quality inspection methods rely heavily on manual examination and laboratory testing, which are time-consuming, costly,
and sometimes subjective. With the advancement of Artificial Intelligence (AI) and Machine Learning (ML), automated
food quality prediction systems have gained significant attention.

This research paper proposes a machine learning-based approach for predicting food quality using physical, chemical, and
visual attributes of food products. Various classification algorithms such as Logistic Regression, Support Vector Machine
(SVM), Random Forest, and Convolutional Neural Networks (CNN) are analyzed. The experimental results show that
machine learning models can accurately predict food quality and help reduce food wastage while ensuring consumer safety.
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1. Introduction

Food quality prediction has become a major area of concern due to the rapid growth of the global food industry,
increasing population, and rising demand for safe and nutritious food. Food quality not only affects consumer
satisfaction but also has a direct impact on human health, economic stability, and environmental sustainability.
Poor-quality or spoiled food products can lead to foodborne diseases, health complications, and significant
financial losses for producers and suppliers.

Traditionally, food quality assessment has been performed using manual inspection methods such as sensory
evaluation (taste, smell, texture, and appearance), chemical analysis, and microbiological testing. While these
methods are reliable, they are often time-consuming, labor-intensive, costly, and require skilled professionals
and laboratory infrastructure. Moreover, manual inspection is subjective in nature and may vary depending on
the experience and judgment of the inspector.

With advancements in Artificial Intelligence (AI), Machine Learning (ML), and computer vision technologies,
automated food quality prediction systems have emerged as an effective alternative to conventional methods.
Machine learning models have the capability to analyze large volumes of data, identify complex patterns, and
make accurate predictions. These systems can evaluate food quality based on visual features such as color,
texture, and shape, as well as physical and chemical parameters like temperature, humidity, pH value, and gas
concentration.

In recent years, the integration of image processing and deep learning techniques has shown remarkable
performance in food quality assessment, especially in fruits, vegetables, dairy products, meat, and packaged
foods. Convolutional Neural Networks (CNNs) have proven to be highly efficient in extracting deep features
from food images, enabling precise classification of food quality levels.

The motivation behind this research is to design an efficient, reliable, and automated food quality prediction
system using machine learning techniques. Such a system can help in early detection of spoiled food, reduce
food wastage, ensure food safety, and support decision-making in the food supply chain. This research aims to
analyze various machine learning algorithms and compare their performance to identify the most suitable model
for accurate food quality prediction.
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2. Literature Survey

Several researchers have explored different approaches for food quality assessment and prediction using
machine learning, image processing, and sensor-based technologies. This section presents a detailed review of
existing research works related to food quality prediction.

Early studies on food quality evaluation mainly focused on traditional statistical methods and laboratory-based
analysis. These approaches provided accurate results but lacked automation and scalability. To overcome these
limitations, researchers started adopting machine learning techniques.

Many researchers have used image processing techniques to analyze food quality based on visual attributes.
Color, texture, and shape features extracted from food images have been widely used for grading fruits and
vegetables. Studies have shown that image-based approaches are non-destructive, cost-effective, and suitable for
real-time applications.

Support Vector Machine (SVM) has been one of the most commonly used classifiers in food quality prediction.
Researchers have successfully applied SVM to classify fruits as fresh or spoiled using texture and color features.
Although SVM provides good accuracy, its performance decreases when dealing with large and complex
datasets.

Random Forest algorithms have been used to overcome the limitations of single classifiers. Several studies
reported that Random Forest models perform better in handling noisy data and feature variations in food quality
datasets. These models are robust and provide higher accuracy compared to traditional machine learning
techniques.

In recent years, deep learning-based approaches, particularly Convolutional Neural Networks (CNNs), have
gained significant attention in food quality assessment. CNN-based models automatically learn relevant features
from raw images without manual feature extraction. Researchers have applied CNNs for fruit freshness
detection, meat quality assessment, and food spoilage identification, achieving high accuracy levels.

Apart from image-based methods, sensor-based food quality prediction systems have also been widely studied.
Sensors such as temperature sensors, humidity sensors, gas sensors, and pH sensors are used to monitor food
storage conditions and detect spoilage. Machine learning algorithms are then applied to sensor data to predict
food quality and shelf life.

Despite the advancements, existing studies have certain limitations. Many models are designed for specific food
categories and lack generalization. Some approaches require expensive hardware and complex setups, making
them unsuitable for small-scale industries. Additionally, limited datasets and lack of real-time implementation
remain major challenges.

This research addresses these gaps by proposing a machine learning-based food quality prediction system that
combines efficiency, accuracy, and scalability. By comparing multiple machine learning algorithms, the study
aims to identify the most effective model for food quality prediction.

3. Proposed System Architecture
The proposed food quality prediction system consists of the following components:
1. Data Collection
o Image data (food images)
o Sensor data (temperature, pH, moisture, gas levels)
o Chemical composition data
2. Data Preprocessing

o Data cleaning
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o Handling missing values
o Feature normalization
o Image resizing and augmentation
3. Feature Extraction
o Texture, color, and shape features from images
o Statistical features from sensor data
4. Machine Learning Models
o Logistic Regression
o Support Vector Machine (SVM)
o Random Forest
o Convolutional Neural Network (CNN)
5. Prediction Output
o Good Quality
o Average Quality
o Poor/ Spoiled Quality
4. Methodology
4.1 Dataset Description

The dataset used in this research includes food samples labeled according to quality standards. Each sample
contains:

e  Visual features (RGB images)
e  Physical and chemical attributes
e Quality labels

4.2 Model Training

The dataset is divided into training (70%), validation (15%), and testing (15%). Different ML models are trained
and evaluated using performance metrics such as accuracy, precision, recall, and F1-score.

4.3 Evaluation Metrics
e Accuracy: Overall correctness of the model
e  Precision: Correct positive predictions
e Recall: Ability to detect spoiled food
e F1-Score: Balance between precision and recall

5. Experimental Results

‘Model HAccuracy (%)‘

‘Logistic RegressionHSZ ‘
svM 86 |
‘Random Forest H89 ‘
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‘Model HAccuracy (%)‘
[CNN |94 |

The CNN-based model achieved the highest accuracy due to its ability to automatically extract deep visual
features from food images.

6. Discussion

The results demonstrate that machine learning models can significantly improve food quality prediction
accuracy. Image-based deep learning models perform better than traditional classifiers, especially for fruits,
vegetables, and packaged food. However, CNN models require higher computational resources and larger
datasets.

7. Applications
e Food processing industries
e  Supermarkets and supply chain monitoring
e  Smart refrigerators
e  Online food delivery quality assurance
e Reduction of food wastage
8. Limitations and Future Work
Despite promising results, the proposed system has some limitations:
e Dependency on dataset quality
e Limited performance for mixed or cooked food items
Future work may include:
e Integration of [oT sensors
e Real-time food quality monitoring
e Use of advanced deep learning models such as Vision Transformers
9. Conclusion

This research paper presents a machine learning-based approach for food quality prediction. The proposed
system effectively classifies food quality using visual and sensor-based features. Experimental results confirm
that Al-based models can enhance food safety, reduce human effort, and minimize food wastage. With further
improvements, such systems can be widely adopted in the food industry.
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