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Abstract: Tackling Food safety measures and mitigating spoilage are critical Challenges in public health. In the present work,
robust solution for the continuous monitoring and management of perishable food products is observed. By incorporating
temperature and gas sensors, Food Spoilage Detection and Alerting System using loT is designed to detect early signs of
spoilage, enabling timely intervention to prevent food waste and its safety. The temperature sensor monitors the surrounding
environment, emphasizing the crucial role of temperature in accelerating the spoilage of sensitive foods such as dairy and meat.
In tandem the gas sensor detects specific volatile compounds such as Ethylene, Ammonia, Methane, Nitrogen Dioxide, and
Carbon Dioxide that act as indicators of food degradation, allowing for the identification of spoilage risks before they become
significant. NODEMCU microcontroller is central to the system's operation which is an efficient and compact 10T platform that
gathers and processes data from the sensors. It uses predefined thresholds to evaluate environmental conditions, ensuring
accurate spoilage detection. Real-time data is displayed on an LCD screen, giving users immediate access to food storage
conditions. If gas levels exceed the predefined thresholds, the system triggers an alert message, notifying users of potential
spoilage. Alerts are generated through the UBIDOTS app and delivered via email or registered mobile number, providing timely
notifications that enable users to take prompt action in maintaining food quality.
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L. INTRODUCTION

Food spoilage can manifest in various forms, including changes in appearance, texture, colour, odour, or taste. Traditional manual
inspection methods are inefficient and error-prone. These changes not only make food undesirable but can also pose serious health
risks. The quality of food is significantly influenced by environmental conditions, which can cause it to rot or decay rapidly [1][2].
Detecting spoiled food using only sight or smell can be challenging, as early signs of spoilage may not be obvious. Moreover, one
piece of rotten food can contaminate and spoil other foods stored alongside it, leading to further waste. Detecting and addressing
food spoilage at its early stages can play a crucial role in reducing wastage and ensuring food safety. Rotten food releases various
gases, such as hydrogen Sulphide, methane, ammonia, ethylene, and nitrogen dioxide, which serve as indicators of spoilage. Among
these, Ethylene is one of the most commonly emitted gases [3][4]. Monitoring these gases can help to identify spoiled food early
and prevent contamination. Additionally, food quality should be assessed under changing environmental conditions including
temperature, to maintain its freshness. Health problems can also arise from consuming improperly prepared or undercooked animal
products, which can spoil and become harmful if not handled correctly. To minimize such risks, it is essential to monitor food
quality continuously and implement measures to prevent decay caused by adverse atmospheric conditions.

1. LITERATURE SURVEY

Food spoilage is a global issue causing substantial waste and economic loss. Traditional manual inspection methods are inefficient
and error-prone [1][2]. Recent advancements utilize real-time surveillance systems with computer vision for maturity and infection
detection in fruits and vegetables [3]. Ethanol detection using MQ3 sensors, particularly in bananas, has been effective for ripeness
and spoilage identification [4]. Al and ML techniques enhance accuracy in produce classification through image processing and
environmental data analysis [5][6]. 10T systems, incorporating NODEMCU platforms and multi-sensors, monitor temperature and
gas emissions, optimizing food quality management [7]. CNNs have demonstrated superior performance in fruit feature extraction
compared to SVM and KNN techniques [8]. RFID metadata enables/ real-time traceability, enhancing monitoring and management
[9][10]. Vegetable conditions and harvesting times are optimized using machine learning, while the EMP-NLCapsNet algorithm
ensures fruit quality through deep learning and hyperspectral imaging [11][12]. Techniques involving ANN, SVM, and analysis of
colour, texture, and brown spots ensure reliable ripeness and spoilage detection [13][14][15]. These technologies significantly
improve food quality control, reduce waste, and enhance economic outcomes.
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1. 10T SYSTEM IMPLEMENTATION
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Fig 1: Interfacing aI Sensors to NODEMCU

A. NODEMCU

The NODEMCU, powered by the ESP8266 microcontroller with built-in Wi-Fi capabilities, is well-suited for 10T applications such
as real-time food spoilage monitoring. It easily interfaces with gas and temperature sensors to detect critical indicators like gas
emissions and temperature changes. If the monitored values exceed set thresholds, the NODEMCU sends notifications to users via
cloud-based platforms like UBIDOTS, facilitating prompt actions to prevent food spoilage.

B. 16x2 LCD DISPLAY

An LCD (Liquid Crystal Display) is a technology widely used in devices like smartphones and calculators, utilizing liquid crystals
to control light and present visual information. In this application, the LCD is connected to a NODEMCU module to display data
collected from gas and temperature sensors, offering insights into the quality of food.

C. MQs3 Sensor

The MQ3 sensor is a gas sensor primarily used for detecting alcohol vapours in the air and can also sense other gases like methane,
benzene, and carbon monoxide. Due to its sensitivity to alcohol and VOCs, it’s effective for tracking spoilage in foods that emit
alcohol, like fermented items. When connected to a microcontroller such as the NODEMCU, it detects rises in ethanol levels. In an
loT setup, it enables real-time monitoring and alerts to help prevent spoilage.
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D. Temperature Sensor

The DS18B20 waterproof temperature sensor is encased in a durable sheath, enabling precise temperature measurement in humid or
wet environments without risk of damage. It is frequently used in systems for food storage and spoilage prevention to help maintain
safe temperature levels and minimize spoilage risks.

E. BUZZER

A waterproof temperature sensor (e.g., DS18B20) is a sensor encased in a waterproof sheath that can accurately measure
temperature even in wet or humid environments without risk of damage. It’s widely used in food storage and spoilage detection
systems to maintain safe temperature ranges that prevent spoilage.

F. UBIDOTS

The UBIDOTS App is a cloud-based Internet of Things (10T) platform designed to facilitate remote data visualization, analysis, and
management of sensor networks. It displays live data from sensors (e.g., temperature, gas levels) on customizable dashboards and
sends notifications when conditions exceed safe thresholds.

V. FOOD PERISHING DETECTION AND ALERTING SYSTEM

The loT-based food spoilage detection system provides an innovative, real-time solution for monitoring food quality and ensuring
safety by leveraging advanced components, including a NODEMCU microcontroller equipped with an ESP8266 Wi-Fi chip, an
MQ3 gas sensor, a buzzer, and an LCD display.

The system integrates seamlessly with the UBIDOTS app, allowing wireless transmission of sensor data and enabling users to
remotely monitor food freshness through the app’s terminal widget. Key parameters such as temperature and gas levels are
continuously measured, processed, and compared to predefined safety thresholds. If these thresholds are exceeded, indicating
potential spoilage, the system activates an audible buzzer, displays a warning message, and sends an automated email alert with the
notification: “Food is spoiled.” Conversely, if conditions remain within safe limits, the system reassures users by displaying “Food
is safe to eat” on the LCD. For ease of configuration, users can create a project within the UBIDOTS app, assign a name (e.g.,
"NODEMCU"), and select Wi-Fi as the connection type. An authentication token, provided via email, must be incorporated into the
system’s code to establish secure connectivity. This system not only promotes efficient food safety management but also aids in
reducing food waste by providing timely alerts.

V. RESULTS AND DISCUSSIONS
An loT-based food monitoring system has been developed using a sensor integrated with a NODEMCU module. In this
configuration, sensors linked to the NODEMCU are strategically positioned near the food items for monitoring purposes. The
NODEMCU processes the data collected by the sensors and transmits it to the UBIDOTS mobile application. The transmitted data is
evaluated against predefined threshold values to determine food freshness. Critical parameters, including temperature and gas levels,
are continuously monitored, with the corresponding readings displayed on the UBIDOTS App homepage.
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Fig 2: output on Lcd Display Fig 3: UBIDOTS APP Output

B. Test Case-1: when Stored Banana is Tested

(i)If the gas concentration exceeds 50 ppm, an email alert will be triggered and sent to the user.
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Fig 5: UBIDOTS App Output Fig 6: Alert through E-mail

C. Test Case 2: when Fresh Tomato is Tested

A CALOCZB@ -ouTean S0

Fig 7: Output on LCD Display Fig 8: UBIDOTS App Output
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D. Test Case 2: when Stored Tomato is Tested
(i)If the gas concentration exceeds 50 ppm, an email alert will be triggered and sent to the user.

Fig 9: Output on LCD Display
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Fig 10: UBIDOTS App Output Fig 11: Alert through E-mail

E. Test Case 3: when Fresh Rice is Tested
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Fig12: Output on LCD Display Figl3: UBIDOTS App Output
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F. Test Case 3: when Stored Rice is Tested
(i)If the gas concentration exceeds 50 ppm, an email alert will be triggered and sent to the user.

Fig 14: Output on LCD Display
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Figl5: UBIDOTS App Outpu Figl6: Alert through E-mail

VI. CONCLUSION
The system is designed to assess food quality and reduce health risks associated with unhealthy dietary choices, particularly for
individuals with weaker immune systems. By employing sensors to track temperature and gases released by food, it allows users to
determine the freshness of food items. When gas levels exceed safe limits, the system sends email notifications and provides real-
time updates on food status through the UBIDOTS App. Continuous monitoring of these emissions ensures early detection of
spoilage gases, offering timely information on food freshness and safety.
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