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I. INTRODUCTION 

Food freshness plays a vital role in maintaining human health and ensuring food safety in daily life. Food items are highly 

sensitive to environmental conditions such as temperature, humidity, and gas emissions, which directly affect their quality and 

shelf life. Traditional methods of checking food freshness rely on manual inspection techniques such as smell, texture, and visual 

appearance. While these methods are commonly used, they are often inaccurate, time-consuming, and incapable of detecting early-

stage spoilage, making them unreliable for effective monitoring. 

Food freshness monitoring has become a critical concern due to increasing food wastage and health risks caused by the 

consumption of spoiled food. In many cases, the absence of continuous monitoring systems leads to unnoticed spoilage, especially 

in storage environments. Although some modern approaches use sensors and basic automation, they still face limitations such as 

lack of real-time analysis, limited accuracy, and absence of intelligent decision-making capabilities. 

Machine Learning is an advanced technology that enables systems to analyze data, identify patterns, and make accurate 

predictions without explicit programming. By applying Machine Learning algorithms to sensor data, it becomes possible to 

determine the freshness level of food more efficiently. This approach improves accuracy and reduces dependency on manual 

inspection by providing automated and data-driven results.  

The scope of this project focuses on developing an intelligent Food Freshness Detection System using IoT and Machine 

Learning. The system uses sensors to monitor environmental conditions and applies Machine Learning techniques to analyze the 

collected data. Additionally, it integrates a GSM-based alert system to notify users instantly when spoilage is detected, ensuring 

real-time monitoring and improved food safety. 
                                                        

II. LITERATURE REVIEW 

Food freshness detection has become an important research area due to increasing concerns about food safety, quality, and 

wastage. Traditional methods such as manual inspection are widely used but are often inaccurate and unable to detect early spoilage 

conditions effectively. 

Abstract: Food safety and quality monitoring have become critical concerns in recent years, as improper storage and delayed detection of 

spoilage lead to health risks and increased food wastage. Traditional methods of checking food freshness rely on manual inspection such as 

smell and appearance, which are often inaccurate and unable to detect early-stage spoilage. Moreover, the absence of real-time monitoring 

and alert systems makes it difficult for users to take timely action, especially in households and food storage environments. To address these 

challenges, this project introduces a Smart Food Freshness Detection System using IoT and Machine Learning techniques. The system utilizes 

sensors such as gas, temperature, and humidity sensors to continuously monitor environmental conditions affecting food quality. The collected 

data is analyzed using Machine Learning algorithms to accurately determine whether the food is fresh or spoiled based on detected patterns.  

In addition to intelligent prediction, the system incorporates a real-time alert mechanism using GSM communication. When abnormal 

conditions or spoilage indicators are detected, instant notifications are sent to users, enabling quick response and preventing food loss. This 

proactive approach enhances monitoring efficiency and reduces dependency on manual checking methods.Furthermore, the system ensures 

continuous and automated operation by integrating sensor data collection, processing, and alert generation into a single framework. By 

combining IoT-based monitoring, Machine Learning-based prediction, and GSM-based notification, the proposed system provides a reliable 

and efficient solution for improving food safety, minimizing wastage, and supporting smart monitoring applications.Ensuring food freshness is 

essential for maintaining health and reducing unnecessary food wastage. In many cases, food spoilage goes unnoticed due to the lack of proper 

monitoring systems and reliance on traditional manual methods. These methods are not only time-consuming but also fail to provide accurate 

and timely information about the condition of food. To overcome these limitations, this project proposes a Smart Food Freshness Detection 

System that integrates IoT and Machine Learning for efficient monitoring and analysis 
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Existing research highlights that IoT-based systems use sensors such as temperature, humidity, and gas sensors to monitor 

environmental conditions affecting food quality. These systems collect real-time data and help in continuous monitoring of food 

freshness. However, variations in environmental conditions and sensor limitations can affect accuracy. 

Several studies propose Machine Learning-based models for food freshness detection. Models trained on sensor datasets 

using techniques such as classification algorithms have achieved high prediction accuracy in determining whether food is fresh or 

spoiled. Despite good performance, these systems may face challenges such as data dependency, calibration issues, and processing 

complexity. 

Another approach focuses on real-time monitoring and data analysis, where environmental parameters are continuously 

observed and compared with predefined thresholds. Techniques such as data analysis and pattern recognition help in identifying 

spoilage conditions effectively. 

Additionally, alert-based systems such as GSM or mobile notifications are used to inform users about food condition. 

While these methods improve monitoring efficiency, there is still a need for more reliable, accurate, and fully automated systems 

for effective food freshness detection. 

 

III. METHODOLOGY 

Software Testing 

Software testing is a crucial process that ensures the Food Freshness Detection System functions accurately and reliably. 

The testing phase begins during development and continues until deployment, helping to identify and resolve potential errors in 

the system.  

 

Software Testing Process 

The software testing process follows a structured four-step approach to ensure system reliability. The first step is Planning, 

where system requirements, sensor functionalities, and testing scope are defined. The second step, Preparing, involves setting up 

the testing environment, configuring sensors, and designing test cases. The third step, Executing, includes running the system, 

collecting sensor data, and verifying output accuracy. Finally, the Reporting stage involves documenting results, identifying issues, 

and improving system performance. 

 

 Functional Testing 

 Functional testing ensures that the system performs according to its intended design. Unit      Testing is carried out on 

individual components such as sensor data collection and Machine Learning prediction modules to verify correctness. Integration 

Testing ensures proper communication between sensors, microcontroller, and GSM module for smooth operation 

 

 Non-Functional Testing 

            Non-functional testing evaluates system performance, reliability, and usability.     Performance Testing checks system 

response time and stability under different conditions. Reliability Testing ensures consistent sensor readings and accurate 

prediction over time. 

 

Test Case 

Authentication & User Management 

1. Test Case ID: TC001 

o Input: Sensors collect temperature, humidity, and gas data.. 

o Expected Result: Sensor values are correctly read and displayed. 

o Actual Result: Sensor data successfully collected and displayed. 

o Status: Pass 

2. Test Case ID: TC002 

o Input: Sensor provides abnormal or fluctuating values.. 

o Expected Result: System handles variations and stabilizes readings.  
o Actual Result: System processed values with minor variations handled.. 

o Status: Pass 

3. Test Case ID: TC003 

o Input: Sensor connection is disconnected. 
o Expected Result: System detects error and shows warning . 

o Actual Result: Error detected and alert displayed . 

o Status: Pass 

4. Test Case ID: TC004 

o Input: Continuous sensor data is collected over time.  
o Expected Result: System stores and processes data correctly. . 

o Actual Result: Data processed successfully without loss 
o Status: Pass 

5. Test Case ID: TC006 

o Input: raining dataset is provided to the model.. 

o Expected Result: Model accepts data and prepares for training. 

o Actual Result: Model trained successfully with logs generated. 
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o Status: Pass 

6. Test Case ID: TC007 

o Input: Model training process is initiated.  

o Expected Result: Model trains and generates accurate prediction  

o Actual Result: resultsModel trained successfully with good accuracy 
o Status: Pass 

 

Machine Learning Model 

8. Test Case ID: TC008 

o Input: Model training process is initiated. 
o Expected Result: Model trains and generates accurate prediction results. 

o Actual Result: Model trained successfully with good accuracy. 

o Status: Pass 

9. Test Case ID: TC009 

o Input : Invalid or incomplete dataset is provided. 

o Expected Result: System triggers alert and warning message.. 

o Actual Result: Alert message successfully sent to user.. 

o Status: Pass 

10. Test Case ID: TC010 

 Input: System detects abnormal gas levels. 

 Expected Result: System triggers alert and warning message. 

 Actual Result: Alert successfully generated. 

 

GSM Notification & Alert System 

11. Test Case ID: TC011 

 Input: Spoilage condition detected by the system.  

 Expected Result: System sends alert message to user via GSM. 

 Actual Result: Alert message successfully sent to user. 

 Status: Pass 

 

IV. MODELING AND ANALYSIS 

The Food Freshness Detection System is an advanced smart monitoring solution designed to detect and analyze food 

spoilage conditions in real time. This system leverages IoT technology and Machine Learning techniques to monitor environmental 

parameters such as temperature, humidity, and gas levels, ensuring accurate detection of food freshness and improving food  

The Food Freshness Detection System is an intelligent monitoring solution designed to identify spoilage conditions in food items. 

The system is built using Python and embedded technologies as the core platform, utilizing its data processing and Machine 

Learning capabilities to analyze sensor data and provide accurate freshness prediction. 

 

1.Food Freshness Detection System  
The Food Freshness Detection System is an intelligent monitoring solution designed to identify spoilage conditions in food 

items. The system is built using Python and embedded technologies as the core platform, utilizing its data processing and Machine 

Learning capabilities to analyze sensor data and provide accurate freshness prediction 

The Food Freshness Detection System detects spoilage conditions in real time using sensor data. The system is an 

intelligent monitoring solution designed to analyze environmental parameters such as temperature, humidity, and gas levels. It is 

built using Python and embedded technology as the core platform, leveraging data processing and Machine Learning capabilities 

to provide accurate freshness prediction and improve food safety.  

 

2. System User Roles and Operations 

The system is designed to support basic user interaction and monitoring functionalities: 

 

2.1. Admin 

System Monitoring: Observing real-time food condition through sensor readings and output display. 

• Alert Handling: Receiving GSM notifications when spoilage or abnormal conditions are detected. 

• Data Observation: Viewing food freshness status such as fresh or spoiled based on system output. 

• System Usage: Using the system for monitoring food quality in daily environments like home or storage units. 

 

2.2 User 

The end-users interact with the system to: 

 Monitor food freshness in real time using sensor-based data. 

 Receive GSM notifications when spoilage or abnormal conditions are detected. 

 View food condition status (Fresh/ Spoiled) through the display interface. 

 Use the system for safe and effective food monitoring in daily environments. 
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3. Machine Learning Model: Build and Train 

The Machine Learning model is the core of the system, used to analyze sensor data and detect food freshness conditions. 

The training process involves the following steps 

 

3.1. Import Dataset 

The system begins by importing a dataset containing sensor readings such as temperature, humidity, and gas levels. The 

dataset includes both fresh and spoiled food conditions for proper training. 

 

3.2. Preprocessing 

To improve accuracy, the collected data is cleaned and normalized to remove noise and inconsistencies before analysis.  

 

3.3. Feature Extraction 

Important features such as gas concentration, temperature variation, and humidity levels are extracted from the dataset for 

better prediction. 

 

3.4. Classification 

The system applies Machine Learning algorithms to classify the food condition as fresh or spoiled based on the extracted features.  

 

3.5. Build and Train Model 

The model is trained using the processed dataset to learn patterns and improve prediction accuracy over time.  

 

3.6. Deploy Model 

After training, the model is deployed into the system for real-time food freshness detection and monitoring.  

 

4.  Food Freshness Detection 

Once the system is active, it continuously monitors food conditions in real time. The process includes: 

 

4.1. Data Collection 

The system collects real-time data from sensors such as temperature, humidity, and gas sensors 

 

4.2.Data Processing 

The collected data is processed by the microcontroller and prepared for analysis. 

 

4.3.Sopilage Detection 

The Machine Learning model analyzes the data and identifies whether the food is fresh or spoiled based on patterns 

 

4.4. Alert Generation 

To ensure user safety, the system sends instant notifications when spoilage is detected. The system uses GSM communication to 

alert users about abnormal conditions, enabling quick action to prevent food wastage.  

 

5.  Alert Notification 

To ensure user awareness and safety, the system provides instant alert notifications when spoilage conditions are detected. 

The system automatically sends GSM messages to the user when abnormal sensor values such as high gas levels, temperature, or 

humidity are identified. This alert mechanism helps users take immediate action to prevent food wastage and avoid health risks 

 

6. System Safety Handling 

Safety is an important aspect of the system, ensuring reliable monitoring and user protection. When the system detects 

spoilage or abnormal conditions, it generates warning messages and displays the food status clearly. Users are informed about the 

condition of food before consumption, reducing the risk of using spoiled or unsafe food items. This improves overall food safety 

and supports better decision-making. 

 

V.RESULTS AND DISCUSSION 

Evaluation Metrics 

 Accuracy  

 Precision  

 Recall  

 False Positive Rate  

 Detection Time  

 

Expected Results (based on similar research) 

 Detection Accuracy: 95–99%  
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 False Positive Rate: < 3%  

 Processing Time: < 2 seconds per email  

 Improved detection vs traditional filters  

Machine Learning-based food freshness detection systems have demonstrated high accuracy in identifying spoilage 

conditions and perform better than manual inspection methods. 

 

Comparison (What you must include in paper) 

 

System Type Detection Rate False Positives Response 

Manual Inspection Medium High Slow 

Sensor Based System Medium Low Moderate 

Proposed System High Low Real time 

 

VI. CONCLUSION 

In conclusion, the proposed Food Freshness Detection System provides an effective and reliable solution for monitoring 

food quality using IoT and Machine Learning technologies. The system continuously collects environmental data such as 

temperature, humidity, and gas levels through sensors and processes it to determine whether food is fresh or spoiled. The 

integration of GSM communication enables instant alert notifications to users, allowing timely action to prevent food wastage and 

health risks. By reducing dependency on manual inspection and ensuring real-time monitoring, the system improves accuracy, 

efficiency, and user convenience. Overall, the proposed solution enhances food safety, minimizes wastage, and supports smart and 

automated monitoring applications 

The system ensures continuous monitoring, improved accuracy, and reduced dependency on manual inspection methods. 

Key functionalities such as real-time data collection, intelligent analysis, spoilage detection, and alert generation work together to 

enhance food safety and minimize wastage. With its automated operation and user-friendly design, the system provides a practical 

solution for both domestic and commercial applications. 
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