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Abstract:

The increasing global population and the rise in food wastage due to spoilage have led to the need
for innovative solutions for food storage and preservation. Internet of Things (IoT) technology,
with its ability to gather real-time data, monitor environmental conditions, and integrate with
automated systems, offers a promising approach to detecting and mitigating food spoilage. This
paper explores the application of IoT in monitoring critical parameters such as temperature,
humidity, gas levels, and pH, to detect spoilage in real-time. The system incorporates sensors,
cloud computing, and data analytics to alert stakeholders (like consumers, food distributors, and
retailers) about potential food spoilage, allowing for quick intervention and reduced wastage.
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Introduction:

The world faces an increasing challenge of food wastage, primarily driven by spoilage during
storage, transportation, and retail. Traditional methods of spoilage detection are reactive and rely
on human intervention. With IoT technology, we can shift toward a proactive, automated system
capable of detecting spoilage before it becomes a serious problem. The ability to monitor
environmental parameters in real-time allows for timely intervention and potentially reduces food
waste.

This paper outlines the design and implementation of a food spoilage detection system using loT
technology, providing a detailed review of the relevant sensors, systems, and algorithms employed.

Literature Review:
Previous studies have shown that spoilage can be detected by monitoring specific parameters such as:

Page | 1292

Index in Cosmos
MAY 2025, Volume 15, ISSUE 2
UGC Approved Journal


http://www.ijbar.org/

e

[

www.ijbar.org
ISSN 2249-3352 (P) 2278-0505 (E)

Cosmos Impact Fa

which accelerate spoilage.

and spoilage.

foods.

ctor-5.86

Temperature and Humidity: Both of these are crucial in the growth of bacteria, molds, and yeasts,
Gas Detection: The production of gases like ethylene or ammonia is a sign of microbial activity

pH and Conductivity Sensors: Changes in the pH levels or conductivity are common in spoiled

loT-based systems have been developed for various applications, including agriculture and logistics. These
systems often use wireless sensors to monitor environmental variables, sending real-time data to cloud
platforms for analysis.

Literature Survey Table

‘S.NoHAuthor(s) HYearHResearch Focus HKey Findings
Review of IoT in food monitoring,
. IoT-based Smart Food|including Sensors, communication
I Smith, J. et al. 2022 Monitoring System protocols, and cloud platforms for spoilage
detection.
Analysis of IoT applications in logistics for
2 Jones, M. 2021|[IoT in Food Logistics temperature and humidity monitoring to
reduce spoilage during transportation.
Gupta, R. et IoT & Machine Learning Implqmenta‘uqn of machlne 'learm'n g for
3 2020 . . real-time spoilage detection in perishable
al. for Spoilage Detection
food products.
. Proposed an IoT-based quality control
4 Chen, H. et al.|[2019 FO(.)d Quality ~ Control system for food safety monitoring using
Using [oT e
temperature and humidity sensors.
Kumar, P. & Real-Time Food Spoilage Develf)pmer}t of a prototype for' SpOllage
5 2018 . . detection using temperature, humidity, and
Sharma, R. Detection with IoT )
gas sensors for real-time alerts.
Singh, A. et Wireless Sensors in Food Application of wireless Sensor netwqus mn
6 2021 food storage for spoilage prediction,
al. Storage . .
focusing on environmental factors.
Proposed a smart storage system that
7 Z;]ang, Z. et 2020 grr;??ms S;(r)ld IOTS torage monitors food condition with sensors and
) y g sends alerts based on spoilage risks.
Zhane. L. & Integration of IoT and|Investigated the use of cloud computing
8 & = %h019|[Cloud for Food|combined with IoT for continuous food
Zhao, W. . . . .
Preservation spoilage monitoring and data analysis.
Martinez, R. IoT in Perishable Food Studl.ed IoT systems that monitor fOOd. n
9 2018 transit, reducing spoilage by detecting
et al. Management . .
environmental variables.
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|S.NOHAuth0r(s) HYearHResearch Focus HKey Findings
loT and Big Data Use 'otj big daFa analytics with IoT for
10 |[Patel, S. et al. || 2021 . predictive spoilage models and early
Analytics for Food Safety . .
detection of food contamination.
Gas Sensing||[Focused on the application of gas sensors
11 |Tan, S.etal. ||2020|Technologies in IoT for|/(e.g., ethylene) in spoilage detection in
Food Spoilage fruits and vegetables.
Advanced IoT Solutions||[Explored how IoT can reduce food
12 | Xiao, Y. et al.||2020|for Agricultural Waste|lwastage in agriculture by improving the
Reduction storage and distribution of fresh produce.
. Real-Time Monitoring of Implgm@nted a real—‘glme food spoilage
13 ||Liu, J. etal. |2019 . . monitoring system using loT sensors for
Food Spoilage Using IoT ) g . .
detecting spoilage in dairy products.
Smart Sensing for Food|Developed a smart sensing system using
14 |[Raj, B.etal. |2022]|Safety in Retail|[IoT for food safety monitoring in retail and
Environments supermarkets to detect spoilage.
. IoT-Based System for Designed a low-cost IoT system for
Tiwari, R. et . . detecting spoilage in fruits based on
15 2018|[Fruit  Ripeness  and o1
al. . . temperature, humidity, and  gas
Spoilage Detection
measurements.
Yadav, S. et IoT-Enabled Dairy Studied 'the appl%catlon. of IOT technology
16 al 2021 Spoilase Monitorin to monitor spoilage in dairy products,
' poliag & focusing on temperature and pH sensors.
Cloud-Based Food|Proposed a cloud-based IoT system for
17 ||Li, X. etal. {2019 |Monitoring System Using||food spoilage prediction and real-time
IoT monitoring for consumers and retailers.
Verma. K. et Smart Agriculture and|Focused on the integration of IoT for
18 > 7 7|2020|Food Monitoring using|monitoring environmental conditions and
al. . . :
IoT improving food shelf life.
Banerice. R IoT-Based Smart|Developed a smart refrigerator using loT
19 Jee, Blhoa1 Refrigerator for Food|to track food freshness and alert users
& Kumar, S. ; . _ .
Preservation when spoilage is imminent.
Gupta, N. et Predictive Modeling for Used predictive mo‘dehng and I(‘)T'sensors
20 2021 . ! to forecast food spoilage and optimize food
al. Food Spoilage with [oT ||,. " " .
distribution strategies.

System Design and Methodology:
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Sensors and Data Collection:

¢ Temperature Sensor (e.g., DHT11/DHT22): Measures ambient temperature.

¢ Humidity Sensor: Measures relative humidity, which affects mold and bacterial growth.

e GasSensors (e.g., MQseries): Detect gases such as ammonia or ethylene, which indicate spoilage.

e pH Sensor: Monitors the acidity level of food, which can change as spoilage progresses.

e Microcontroller (e.g., Arduino or Raspberry Pi): Collects data from sensors and sends it to the
cloud.

Communication Protocols:

Data collected by the sensors is transmitted using Wi-Fi, Zigbee, or Bluetooth Low Energy (BLE) to a cloud
platform for further analysis.

Cloud Computing and Data Analysis:

Once the data reaches the cloud, it is processed using machine learning algorithms to predict spoilage
patterns based on historical data. The system can then send alerts (via SMS, email, or an app) if spoilage
is detected.

1. Sensors:

o Purpose: These are the first point of data collection. Various sensors are used to monitor
the environment surrounding the food.
o Types of Sensors:

o Temperature Sensor: Measures the temperature of the food and its surroundings.
Temperature is crucial because it can influence the rate of microbial growth,
accelerating spoilage.

o Humidity Sensor: Monitors the moisture level in the environment, which also
affects the growth of bacteria and molds.

o Gas Sensor: Detects gases such as ethylene (produced by ripening fruits) or
ammonia (produced by bacterial activity) to determine spoilage.

o pH Sensor: Measures the acidity of the food, which often changes as spoilage
progresses (e.g., souring of dairy products).

2. Microcontroller:
e Purpose: Collects and processes data from the sensors. It acts as the brain of the system,
interpreting the raw sensor readings and preparing them for further analysis.

e The microcontroller is responsible for managing the flow of information from the sensors
to the cloud system and possibly triggering initial alerts in case of abnormalities.

3. Cloud Platform:
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e Purpose: The data collected by the microcontroller is sent to a cloud platform. This
platform provides centralized data storage and processing.
e Functions:
o Data Storage: Stores historical sensor data for trend analysis and future reference.
o Remote Monitoring: Allows users (such as farmers, retailers, or consumers) to
access the data remotely to monitor food conditions in real-time.
o Data Processing and Analysis: Can run algorithms or use machine learning
models to predict spoilage or anomalies based on sensor data.

4. Data Analytics:

e Purpose: In the cloud, advanced data analytics tools process the sensor data to predict
spoilage trends or detect early signs of spoilage.
e Techniques Used:
o Machine learning models can analyze historical data and recognize patterns in
temperature, humidity, gas levels, and pH that correlate with spoilage.
o Predictive analytics help forecast potential spoilage and provide actionable insights
to prevent wastage.

5. Alert System:

o Purpose: If spoilage is detected, the system sends alerts to the relevant stakeholders (such
as consumers, retailers, or distributors).
o Alert Types:
o Alerts could be sent via email, SMS, or mobile application notifications.
o Alerts notify users when conditions are not optimal, allowing them to take quick
actions to prevent further spoilage.

Overall Flow:

e Sensors continuously monitor the food’s environment.

e The microcontroller processes the data and sends it to the cloud platform.

o The cloud system analyzes the data and detects any anomalies or spoilage signs.

o Ifspoilage is detected, the system triggers alerts to inform users and prevent further waste.

Conclusion:

The integration of IoT technology into food spoilage detection systems presents a significant
advancement in food safety and waste reduction. By leveraging sensors such as temperature,
humidity, gas, and pH detectors, along with microcontrollers and cloud platforms, this system
can continuously monitor the conditions that lead to food spoilage. These systems offer a
proactive, real-time approach to food preservation, which is far superior to traditional methods that
rely on periodic checks or human intervention.
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o Efficiency and Accuracy: By detecting spoilage factors in real time, the system can help
prevent food wastage before it becomes too late. It ensures more accurate monitoring of
critical environmental factors like temperature, humidity, and gas emissions, which are
known to accelerate food spoilage.

e Cost and Waste Reduction: This system has the potential to significantly reduce food
spoilage during storage and transport. By providing alerts when conditions go outside
optimal ranges, food distributors, retailers, and consumers can act quickly to salvage
perishable products, lowering overall food waste and economic losses.

o Future Potential: With continuous advancements in IoT sensors and cloud analytics, the
food spoilage detection system can be further refined for even more sophisticated spoilage
prediction algorithms, reducing false positives and improving accuracy. It also opens the
door for other applications such as smart packaging and integration with blockchain
technology to enhance food traceability in the supply chain.

In conclusion, IoT-based food spoilage detection systems have the potential to revolutionize food
safety, improve sustainability, and promote smarter resource management within the food
industry. As IoT technologies continue to evolve, their impact on reducing food waste and
enhancing food security will only grow stronger.
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