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Abstract: The food we consume plays an important role in our daily life. It provides us energy which is needed to work, grow, be 
active, and to learn and think.  The healthy food is essential for good health and nutrition. Light, oxygen, heat, humidity, 
temperature and spoilage bacteria can all affect both safety and quality of perishable foods. Food kept at room temperature 
undergoes some chemical reactions after certain period of time, which affects the taste, texture and smell of a food. Consuming 
spoiled food is harmful for consumers as it can lead to foodborne diseases. This project aims at detecting spoiled food using 
appropriate sensors and monitoring gases released by the particular food item. Sensors will measure the different parameters of 
food such as pH, ammonia gas, oxygen level, moisture, etc. The microcontroller takes the readings from sensors and these 
readings then given as an input to a machine learning model which can decide whether the food is spoilt or not based on 
training data set. Also, we plan to implement a machine learning model which can calculate the lifespan of that food item.    
Index Terms: Arduino Uno, Food spoilage, IoT, Machine Learning, Sensors. 

I. INTRODUCTION 
In today’s world, food spoilage is a crucial problem as consuming spoiled food is harmful for consumers. In India, food 
commodities are wasted due to spoilage. Various factors cause food spoilage, making items unsuitable for consumption. Factors like 
humidity, moisture, temperature, light intensity, etc. causes food decay. Consuming spoiled food can cause illness commonly known 
as food poisoning and hence detection of freshness of food or food quality is needed. Also, preservatives used to increase lifespan of 
food causes people illness and reduces food quality. The freshness of food can be detected manually by  smelling it, tasting it or by 
observing color changes or state of fruits, vegetables or food item. But manual detection is time consuming, also it may have human 
errors or environmental defects. Therefore, it is important to create device which can determine food spoilage without human 
interference. This project aims at detecting spoiled food using appropriate sensors and monitoring gases released by the food item. 
The parameters like pH, humidity, oxygen gas are tested, as increase or decrease in these parameters may reduce the quality of food. 
Biosensors play a vital role to detect the bacterial contamination in food sample. Based on the combination of the sensor outputs 
quality of the food should be detected. Our system proposes a device which contains gas sensors, pH sensors, moisture sensor for 
real time monitoring. These values are communicated to laptop and ml model using esp8366 wifi module. The values extracted are 
then fed as an input or test data to ml model and tested against trained model. The machine learning model tells the user, what is the 
current state of food, good to eat or ready for bin. Also, we plan to implement a machine learning model which can calculate the 
lifespan of that food item. 

II. LITERATURE REVIEW 
Food spoilage can be detected manually by checking color, tasting it or by smelling it. But manual checking is time consuming, less 
efficient and expensive due to human errors, environmental defects as checking color or taking smell sometimes gives wrong 
results. Various food quality monitoring systems and food spoilage detection systems are made using various technologies. 
Image processing technique is used to analyze the images of food item using computer vision algorithms. The color, texture and 
shape are analyzed in order to sort the food, specifically vegetables and fruits, based on the color, size, maturity, defects etc. Fuzzy 
Logic is used to handle the fuzzy information and rule-based inference to construct decision support in real life applications. To 
estimate the expiration of food commodities, fuzzy set theory is used [1].  
Machine learning uses the sample datasets (known as training datasets) to train the model in order to make decisions, in this case, to 
determine whether the food is spoilt or not. In [2], machine learning algorithms PCA and KNN are used to determine the food 
spoilage. The information from MQ gas sensors is fed to PCA to reduce the data and KNN is used for classification of food. 
Deep learning works with artificial neural networks, which are designed to imitate how humans think and learn and make machine 
behave like human brain. In [3], the fruit type and quality is determined using convolutional neural networks. 
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MIT team has done research on this field by developing a sensor that detects spoilt meat items. But since it only detects a particular 
gas, it can have a lot of false negatives. 
IoT innovation made it possible to connect everyday things to the internet using sensors, actuators and sensing technologies in order 
to achieve smart recognition, detection, monitoring and many other things. Sensors play an important role in creating solutions using 
IoT. IoT sensing principles involves features of intelligent sensors and wireless communication, hence Iot system is feasible in 
developing a visibility and traceability system in order to handle the perishable food. 
The [4] paper proposes a system which uses ammonia and oxygen gas sensors to measure the ammonia and oxygen level of 
particular food item. NodeMcu sounds a buzzer when it encounters a spoilt food item. Then, the collected data is sent to Thingspeak 
for cloud analysis of data. Logistic regression is used to determine whether the food is spoilt or not based on the training data 
provided. 
The device called eFresh[5] is developed with biosensors that can measure pH, moisture, and ethanol level of food item. The user 
can input the food to be checked from Android mobile application, the selection of food item from application gives command to 
Arduino Uno with communicating through Bluetooth module and microcontroller takes the reading from sensor and decision is 
made based on predefined algorithm and output is displayed on LCD. 
In [7], UV sensors were used to track the food quantity and a MQ4 gas sensor used to detect the methane gas in the atmosphere 
which shows the quality (freshness) of the food. This model detects the quality of food and when the food started degrading it 
alerted instantly. 
The [3] paper proposes a quality recognizing and reviewing framework dependent on OpenCV python library. The Convolution 
Neural Network (CNN) is implemented to perform the tasks of fruit type recognition and its quality detection through precise, 
dependable, reliable and quantitative data. The proposed system comprises of microcontroller, sensors, a camera and a conveyor belt 
setup to segregate the fruits. To preserve the quality of fruits for longer duration the storage unit environment condition is measured 
using sensors and the data is sent over the cloud based on the technology of Internet of Things.  

III. METHODOLOGY 
The objective of this project is to make a device integrated with sensors which can determine the food freshness and food spoilage. 
Different sensors are used that can measure different parameters of food such as oxygen level, ammonia gas, pH, moisture etc. The 
device consists of Arduino uno, wifi module esp8266, sensors like pH sensor, gas sensors, humidity/moisture sensor, etc. The 
parameters like moisture, temperature are monitored in real time using sensors. Gas sensor measures the oxygen and ammonia 
content of a particular food item.  pH of dairy products are measured using pH sensor. The real time values from sensors are 
communicated to laptop using microcontroller. Machine learning model uses trained model to predict whether the food item is spoilt 
or not based on the real time data. 

 
Figure 1 : Block diagram of system 
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1) Arduino Uno: It is IoT based device and is a popular prototyping board. It is interfaced with various sensors to monitor pH, 
humidity, etc. Arduino is connected to different arduino shields for wifi and Bluetooth network connectivity. 

 
Figure 2 : Arduino Uno 

2) WiFi Module (ESP8266): WiFi controller is used to send and receive messages to Arduino with ESP8266 wifi module using 
TCP/IP protocol. Add IP address and port of device for device connectivity. 

 
Figure 3 : WiFi module ESP8366 

3) pH Sensor: A pH sensor used for measurement of pH level of liquids, specifically dairy products like milk, curd, etc. It 
measures the amount of alkalinity and acidity with a value ranges between 0 to 14. 

 
Figure 4 : pH sensor 

4) Oxygen Level Sensor: Oxygen promotes food spoiling process such as microbial growth and protein decomposition. Therefore, 
an oxygen sensor let the consumers know if food is safe to eat or ready for bin. The sensor turns blue in excess oxygen 
indicating to the consumer that the food should be thrown away. 

 
Figure 5 : Oxygen gas sensor 
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5) Moisture Sensor: There are different types of moisture sensors for different types of food or grains. The moisture sensor tests 
the humidity of grain products and fruits. 

 
Figure 6 : Moisture sensor 

6) Ammonia Gas Sensor: Ammonia has been used as an important marker to indicate the event of food spoilage. Ammonia 
detector works on electrochemical principle. The electrochemical sensors are electrochemical measuring transducers for 
measuring the partial presence of gases under atmospheric conditions. 

 
Figure 7 : Ammonia gas sensor 

IV. MACHINE LEARNING MODEL 
Machine learning (ML) is a new area of data mining that allows a computer program to grow increasingly accurate in predicting 
outcomes without explicitly programming it. With the help of Machine learning model, we can analyze whether the given food item 
is spoiled or not, also we can predict it’s lifespan. Machine learning model will take input from the sensors in terms of amount of 
different gases(e.g. Oxygen, Ammonia, etc.) present in food item also pH values of liquid products(e.g. milk, yogurt, juices, etc.) 
then it will process these values by applying various machine learning algorithms and predict the output in terms of it’s lifespan. 

V. APPLICATIONS 
There are various application of these devices in different where food quality needs to be checked: 
 
A. Industrial Application : In food processing Industries this model will work efficiently because different categories food item can 

be checked which will leads to less time and man power consumption 
B. Super Malls/Markets : this model can be beneficial in super markets , it will help for staff, to remove destroyed food items from 

the stock and to add fresh stuff 
C. In dairy Industries: In dairy industries, liquid products destroys on large scale, if staff will already aware of product lifespan 

then they will instantly make use of it, which will reduce the losses which occurs due to spoiled product. 

VI. CONCLUSION 
In this paper we have provided the information about various sensors that can be used to abstract the values of PH and different 
gases using IOT, which will further can be used to develop a machine learning model to detect it’s lifespan and to check whether the 
given food item is spoiled or not. In integration, this model will be useful in various sectors to prevent food spoilage and losses 
which occurs due to lack of knowledge about lifespan of food items.   
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