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ABSTRACT 

Food adulteration is a serious problem that can have serious negative health effects, 

particularly when it comes to commonly eaten foods like milIk. fruits, and vegetables. These 

necessary food items are frequently tainted with pesticides, chemical additives, artificial 

ripening agents, and other dangerous adulterants that are hard for customers to spot with the 

naked eye. This project suggests creating a complete sensor-driven, Internet of Things-based 

detection system to detect and measure adulterants in various food products in order to solve 

this urgent issue. The system measures chemical and physical characteristics suggestive or 

adulteration using a variety of sophisticated sensors, such as pH, turbidity, TDS, and others. 

The device's integration of loT technology allows for instant processing and analysis of test 

findings in addition to ensuring real-time data capture. An easy-to-use user interface will 

show the status of each tested sample and provide useful information about its safety. The 

device bridges the gap between scientific detection methods and everyday use by providing 

consumers with an accessible tool for food safety verification that is small, portable, and easy 

to use. This method seeks to raise food safety standards and drastically lower the health 

hazards connected to consuming contaminated food items on a regular basis by increasing 

transparency and raising awareness. 
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CHAPTER 1: INTRODUCTION 

Food adulteration is a major worldwide problem thbese davs especially when it comes l0 
necessities like milk, fruits, and vegetables. Eating this contaminated food can lead to 1ood 
poisoning, gastrointestinal issues, and other health issues. Artificial ripening agents, chee 
additives, and pesticides may also be present. Consuming tainted food products may leau 
long-term health problems like toxicity, allergies, and other chronic illnesses. Despite Severa 
attempts to solve this issue, current detection methods are still either expensives 

time-consuming. or inaccessible to the general population. This project's objective lS to 
develop a low-cost, easily navigable Internet of Things system for the real-time detection o 

food adulterants. namely in milk, fruits, and vegetables. The system combines advanced 

sensors, such as Total Dissolved Solids (TDS), turbidity, and pH sensors, to examine the 
chemical and physical properties of food samples. The system's real-time data analysis and 
direct user presentation of the results, enabled by the loT connection, offer a reliable and 
efficient way to ensure food safety. This initiative intends to empower individuals to make 

informed decisions regarding the safety and quality of the food they consume by making 

easily accessible and affordable equipment for detecting adulterants available. Regulations 

pertaining to food safety and public health will benefit from this. 



CHAPTER 2: LITERATURE SURVEY 

Food adulteration poses major health risks, particularly when it comes to commony 

consumed products like milk. fruits, and vegetables, where harmful clements like chemica 
additions, pesticides. and artificial ripening agents are commonly disregarded. Traditional 

techniques for detecting adulterants, such as chemical analysis, and laboratory-based testus 
are frequently costly. time-consuming, and need specialized equipment, makng 
unsuitable for daily usage though they have a high accuracy rate. Due to their cost, speed, and 

e 

ease of use, sensor-based detection systems have grown in popularity in recent yeals 

real-time assessment of food product purity has made considerable use of sensorS SuCn ds 

turbidity, pH, and total dissolved solids (TDS). 

The use of Internet of Things (loT) technology has significantly enhanced the detection of 

food adulteration by enabling remote monitoring and real-time data processing. By allowing 

users to rapidly evaluate food quality using portable devices, loT solutions improve 

accessibility and convenience. 

For example. Wang et al.'s study [1] looked at using NIR spectroscopy in conjunction with 

machine learning techniques, and the findings were trustworthy for identifying food 

pollutants. Delgado and Flor [2] have shown how integrating inexpensive sensors with the 

Internet of Things frameworks might transform real-time food safety monitoring. Because of 

their high cost, complexity, and requirement for technical skill, many current technologies are 

still outside the reach of the common person, even with these developments. By creating an 

inexpensive, portable, and user-friendly Internet of Things-based adulteration detection tool 

our project seeks to overcome these constraints. By integrating Cutting-edge sensors, Internet 

of Things technology, and an intuitive user intertace, the proposed system seeks to deliver 

reliable real-time results, ensuring the food's satety and quality tor frequent patrons. 

Pooru 



CHAPTER 3: SYSTEM DESIGN AND ARCHITECTURF 
The design of the Internet of Things (loT-based food adulteration detection sy stem tocuses on providing a reliable. real-time solution for detecting adulterants in food items lIke fruits. and vegetables. The system is designed to address the issues associated with current detection methods that are either expensive. time-consuming, or require specialized tecnee skills. This chapter delves into the architecture and components of the sy stem. eNplame how it integrates various sensors, loT technology, and a user interface to deliver reai-t accurate, and easily accessible food adulteration results. 

Systemn Architecture: The architecture of the svstem is based on the integration or advanced sensors. a microcontroller. loT connectivity, and a cloud platform to enaoie real-time data monitoring. processing. and user feedback. The svstem is designed to be botn 
cost-effective and user-friendly. aiming to provide a convenient solution for every�ay 
consumers to check the quality and safety of the food they consume. 

The following key components make up the system: 
Sensor Modules: The core of the system consists of various sensors responsible for 

detecting specific adulterants in food products. These sensors measure different chemical and 
physical properties of the food samples. such as: 

pH Sensors: To measure the acidity or alkalinity of the sample. which can indicate the 
presence of certain adulterants like acidic preservatives or artificial ripening agents. 

Turbidity Sensors: To detect the clarity or cloudiness of the sample. which could be 
affected by the presence of suspended particles, dirt. or adulterants in liquids like milk. 

Poum 



TDS (Total Dissolved Solids) Sensors: To measure the total concentration o 
dissolved solids in the sample, helping identify the presence of certain dissolved chemicals or 
contaminants in liquids and solid foods. 

Microcontroller (ESP32/Arduino): The sensor data is collected and processed by a 

microcontroller (either ESP32 or Arduino, depending on the specific design). The 

microcontroller serves as the brain of the system, responsible for: 

Data Acquisition: Collecting sensor data from the connected pH, turbidity, and 

TDS sensors. Signal Processing: Converting raw sensor data into usable information 

(e.g. analyzing pH levels, turbidity, or TDS values). 

Communication: Sending the processed data to the cloud platform via JoT 

protocols (e.g.. MØTT, HTTP) for real-time storage, analysis, and feedback. 

loT Connectivity: The system integrates Internet of Things (loT) technology lo 

enable remote monitoring and real-time data processing. The microcontroller 

communicates with an JoT platform, which connects to the cloud for: 

Povy 



I. 

II. 

III. 

Data Uploading: Transmitting processed sensor data to the cloud for stordg 
further analysis. 

" Remote Access: Users can monitor the results of food adulteration tests T 
via a computer or mobile device. 

Cloud Platform: The data transmitted by the microcontroller is stored and 

analyzed on a cloud platform, which offers the following benefits: 
Real-Time Data Processing: The platform processes the data in real-time 
identify adulterants based on the sensor readings. 
Data Storage: Historical data of all tests is stored on the cloud. enabling users to 
track the safety and quality of food over time. 

Analytics: The cloud platform analyzes trends in food adulteration, providing 
insights into the safety of the tested items. 

User Interface (UI): The system provides an intuitive user interface for accessing test 
results. The UI can be accessed via: 

Mobile App or Web Interface: Users can view the real-time results of food safety 

tests, including clear indications of wvhether the food sample is adulterated. The interface mav 

display color-coded results, graphs, and other visual aids to make it easier for usere te 

understand the findings. 
Alerts and Notifications: If adulteration is detected. the system can send an alert to the 

user's mobile device or computer, enabling immediate action to be taken. 

Portability and Design Considerations: The system Is designed to be portable 
allowing users to conduct tests at home, at markets, Or in any location where food safetyis 
concern. The device is compact. lightweight. and battery-operated, ensuring that it ean be 

used both indoors and outdoors. The sensors are desIgned to be non-invasive, meanino thas. 

do not alter the food sample in any way. This ensures he lest remans accurate and that sh. 

food item can still be consumed after the test. 



Table 3.1: Specifications of pH, TDS, and Turbidity Sensors 
Sensor 

pH Sensor 

TDS 

Sensor 

Turbidity 
Sensors 

Parameter 

Measured 

Acidity/AIkalinity 0-14 

Dissolved Solids 

Range Resolution Accuracy 

Water Clarity 

pH 
units 

0-1000 

ppm 

0-4000 
NTU 

0.01 

units 

I ppm 

I NTU 

pH +-0.| 
units 

pH 3.3-5V DC 

+-10 ppm 

Operating| Response 

Voltage 

t-3% 
measured 

value 

3.3-5V DC 

5V DC 

Time 

2 
Seconds 

<5 
Seconds 

<2 
Seconds 

System Design Flow Data Collection: When a food sample (e.g.. milk. fruit. or 

vegetable) is placed into the detection chamber. the sensors start collecting data. The pH 

sensor detects the acidity or alkalinity of the sample, the Turbidity sensor measures 

cloudiness, and the TDS sensor measures the dissolved solids. 

Signal Processing: The raw data obtained from the sensors is sent to the microcontroller 

(ESP32/Arduino). The microcontroller processes the data by pertorming necessary 

calculations and converting it into a meaningful format (e.g.. plH value. turbidity level, or 

TDS concentration). 

Data Transmission to Cloud: After processing. the microcontroller sends the data to 

the cloud via an loT platform, such as Blynk, ThingSpeak, or AWS loT. The data is uploaded 

for analysis and historical storage. Data Analysis and Evaluation: In the cloud, the system 

evaluates the collected data against predefined thresholds for sate and adulterated food. This 

involves comparing the sensor readings (e.g.. pH. turbidity. and TDS values) to acceptabl 

ranges for pure milk, fruits, or vegetables. If the values exceed the threshold. indicatino 

adulteration, the system marks the sample as adulterated. 

User Feedback: The cloud system processes the data and sends the results to the user 

interface. The user sees real-time feedback on the quality of the food sample. If the samnls t 

safe. a green color code may appear. while an adulterated sample might show a red colr 

code. The system may also send alerts or notiTications to the User's device in case t 

adulteration, advising them to avoid consuming the sample. 
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Table 3.2: Microcontroller 

Specifications 
Parameter 

Microcontroller 

Operating Voltage 
Clock speed 
Digital I/O pins 
Analog input pins 
Communication interfaces 

Flash memory 

SRAM 

EEPROM 

Specification 

Nano) 

ATmega328 
5V 

I6MHz 

14 

6 

UART, SPI, I2C 

32KB 
2KB 

Technical 

IKB 

1 

(Arduino 
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CHAPTER 4: SENSOR INTEGRATION AND SGNAL. PROCESSING 

The Sensor Integration and Signal Processing module forms the backbone of the loT-

grounded food contamination discovery system. It involves the flawless 
Connection of 

multiple detectors (or detecting pollutants and recycling the collected data into 
mcaningful 

labors. The integration is designed to insure that the detectors give accurate. dependable 

readings, while the signal processing ensures the effective conversion of raw data into 

practicable perceptivity for real- time monitoring. 

Sensor Integration: To achieve precise contamination discovery. the system integrates 

three primary detectors pH detectors, Turbidity detectors, and Total Dissolved Solids( TLDS) 

detectors. Each detector is acclimatized to identify specific pollutants or characteristics of the 

food sample. pH Sensor Purpose Measures the acidity or alkalinity of the food sample, a 

crucial index of pollutants like acidic preservatives or artificial growing agents. 

Working Principle: The pH detector consists of a glass electrode sensitive to hydrogen 

ion attention and a reference electrode. When immersed in a food sample, the detector 

generates an analog voltage commensurable to the pH value. Typical Range 0- 14 pH, with 

specific thresholds for relating safe versus thinned situations. operation Milk Discovery of 

added water or acids. Fruits/ Vegetables Identification of artificial growing agents( e.g. 

calcium carbide). 

Turbidity Sensor Purpose Measures the clarity or cloudiness of a liquid. indicating the 

presence of suspended patches or pollutants. Working Principle The detector emits light into 

the sample and measures the quantum of scattered light. Turbidity is commensurable to the 

degree of light scattering. which increases with the number of patches. Affair Analog signal 

representing the turbidity position (measured in NTU- Nephelometric Turbidity Units). 

operation Milk Discovery of bounce, cleaner. or other undoable contaminations, Fruits/ 

Vegetables relating face pollutants or remainders. 

TDS Detector Purpose Measures the attention of dissolved solids in liquids, usetul for 

detecting dissolved chemicals or pollutants. Working Principle The detector calculates the 

clectrical I conductivity (EC) of the liquid, which is dircctly commensurable (o the TDS. Affair 

Analog signal representing the TDS position (meaSured in ppm- corridor per million). 

Poou 



Vegetable: 
Spinach 

TDS 

juice 

Turbidity of 
Extract 

TDDS 

Extract 

SCnsOr 

Turbidity 
Sensor 

Turbidity of Turbidity 
Sensor 

Added salts 

Chemical-la 
den washing 
Water 

Adulterants 
in water or 

fertilizers 

Elevatedl 
values 

TDSLower 
(-800 indicates 

Ppm) detccted 

Turbidity 
NTU detected 

Turbidity 
NTU detected 

ripening 
chemicals. 

|5Indicates 

>10 

unclean 
chemical 

Ph 

laden water 

Suggests 
unclean 

or 

or 

chemical use 

Signal onditioning: The raw signals attained from the detectors frequently need 
preprocessing to insure they're suitable for analysis. Signal conditioning modules include tne 
following way Modification Signals from detectors are generally weak and need 

modification. functional amplifiers, similar as the LM358, are used to bo0st the analog 
signals without introducing noise. Low- pass pollutants are applied to exclude high 

frequence noise while retaining the asked signal. Analog- to- Digital Conversion( ADC) 

utmost microcontrollers process digital signals, challenging the conversion of analog detector 

labors into digital form. ADCO804 or the onboard ADC of microcontrollers (e.g., ESP32) is 

used for this purpose. The resolution of the ADC (e.g., l0- bit, 12- bit) determines the 

perfection of the data. Signal Processing Once the signals are conditioned, they're reused by 

the microcontroller (ESP32 or Arduino). The signal processing workflow includes Data 

Acquisition The microcontroller reads the detector labors (voltage or resistance) at predefined 

intervals. Estimation angles are used to restate raw detector readings into meaningful values( 

e.g.. pH, turbidity. TDS). 

Threshold- Grounded Analysis The reused data is compared to predefined thresholds for eack 

detector to determine the quality of the sample. For case plH< 6.5 or> 7.5 for milk mav 

indicate contamination. TDS> 500 ppm in water/ miIk Is a s1gn of impurity. Turbidity> s 

NTU in milk suggests contaminations. Multisensor Fusion Data from multiple detectors ars 

combined to give a comprehensive analysis of thc tood sample. illustration A high turbidity. 

reading paired with abnormal pl| and TDS values contirms contamination. Anonmal. 

Discovery Signal anomalies( e.g. unforeseen harpoons) are lagged for fresh teeti 

retesting. Data Transmission Once reused. the digtal dta s ransmitted to the pall using IoT 

protocols similar as MOTT or HTTP. 
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CHAPTER 5: I0T INTEGRATION AND DATA MANAGEMENT 
Traditional testing styles are converted into a more intelligent, fluently accessible outgrowth hy integrating Internet of effects( Iol) technology into the contamination chancing system. loT makes the system easy to use and effective for diurnal operation by enabling remote access, real- time monitoring, and impeccable data operation. 
Integration of lol:The loT frame islands the gap between end- stoner bias, the pall, and 
detector modules. The system makes use of IoT to give real- time perception and remote 
monitoring. 

Hardware: 

A microcontroller Wireless communication is made possible via the ESP32s Wi- Fi and 
Bluetooth capabilities. It acts as the main mecca for gathering, processing, and transferring 
data. 

Modules for Communication:The ESP32 has a erected- in Wi- Fi module for internet 

access. A Bluetooth module is voluntary for swapping original data. operation of Power 

Mobility is assured by movable power sources similar as USB power banks or rechargeable 
batteries. 

Software:The microcontroller and the pall can efficiently transmit data throughMQTT( 
Communication Queuing Telemetry Transport) protocol. HTTP and HTTPS used to pierce 
pall- stored data for web- grounded connections. The ESP32's firmware- adapted software 

manages connection protocols, signal processing, and detector data access. 

Workflow for Data Transmission:The microcontroller reuses the deteetor data, Wi 
Fi or cellular networks are employed to packetize and shoot the repurposed data to the Pall 

platform. Stoner bias pushes real- time findings and cautions. operation of Data icing 
responsibility. security, and vacuity requires effective data operation. 

The following procedures are enforced by the loT- grounded system Architeeture of Data 
Flow Data Generation Detectors induce raw data, sinilar as turbidity, pll. and TDS., Input 

Processing A mierocontroller converts undressed input into usetul affair. Transmission of 
Data. The pall receives repurposed data for analysis and storehouse. Data aceess addicts use 
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CHAPTER 7:SYSTEM TESTING, CHALLENGES, , AND SOLUTIONS 
71 System Testing and Validation 
71.1 Test Plan and Methodology 
The system underwent a structured testing process to ensure reliability, accuracy, and eficiency. The testing plan included functional tests for each component, integration testing to verify seamless communication between sensors and the IoT platform, and performance testing under various environmental conditions. 

7.1.2 Experimental Setup and Procedures 
The testing setup included: Controlled environments with adulterated and unadulterated 
samples of milk, fruits, and vegetables. Sensors calibrated for known thresholds of 

adulterants like chemical additives, artificial ripening agents, and pesticides. The loT system 

connected to a cloud platform for real-time data logging. User interface tests to verify 
accurate display and user-friendly feedback. Procedures involved: Repeatedly testing samples 
with varying levels of adulterants to ensure sensor accuracy. Stress testing the system under 

varying temperatures, humidity, and lighting conditions. Analyzing results for consistency 
and reproducibility. 

7.1.3 Results and Data Analysis 

I he sensors demonstrated a detection accuracy of 95% for common adulterants. Real-time 

data transmission through loT showed a latency of less than 2 seconds for most cases. User 

Teedback from the interface was intuitive, with clear and concise output for food safety levels 

Table 7.1: Sum mary of System Testing Results for Various 

Adulterants 

Food Sample 

Milk 

Watermelon 

Sensor output 

pH<6.5,TDS>700 

Turbidity >15 

2 

Adulterant 

Detected 

Urea, Detergent 

Detection 

Accuracy 
98% 

Artificial Coloring 97% 



Apple TDS> 500, pH <WaxCoating. 
3.0 

Agents 

7.2 Challenges Faced and Solutions 
7.2.1 Technical and Hardware Challenges 

Pesticides 

Challenge: Sensor sensitivity varied due to environmental factors such as humidity and 
temperature. 

Solution: Implemented adaptive calibration algorithms to dynamically adjust sensor 
thresholds. Challenge: Interference between multiple sensor readings. Solution: Improved 

Signal processing techniques and optimized wiring to reduce noise. 

7.2.2 Software and User Interface Challenges 

Challenge 

Challenge: Ensuring the user interface was intuitive for non-technical users. Solution: 

Conducted iterative user testing and incorporated simplified graphics with clear instructions. 
Challenge: Data overload in the cloud during peak usage. Solution: Introduced data 

compression and periodic archiving to manage cloud storage efficiently. 

Noise in sensor data 

7.2.3 Solutions Implemented:Advanced error-handling mechanisms to address sensor or 
connectivity failures. Modular software design for easy updates and scalability. User training 
sessions and a built-in help guide within the UI. 

Table 7.2: Challenges Faced and Corresponding Solutions 

96% 

22 

Solution 

Sensor reading affected by temperature Added temperature 

algorithms 

measurements. 

compensation 
to ensure accurate 

Used filters and single conditioning to 

remove unwanted disturbances. 



Frequent sensor calibration needed 

Slow data processing 

Difficulty in user understanding 

Power consumption in portable use 

Connectivity issues in rural area 

PH SENSOR, 

MULT) SENSOR ADULTE EATÍON PE TEÇTION SySTEM. 

TOS MODULE 

Included automated calibration to save 
storage space and reduce costs. 
Used efficient algorithms to speed up 
analysis and response times. 
Designed a simple and user friendly 
interface to easier interaction. 

Optimized hardware to use low-power 
components and efficient energy use. 

Enabled offline mode and local storage 
to ensure functionality. 

1.3 Summary and Conclusion 

fR.OBE 

TURBIDITY MDULE 

PH PROBE 

TUREILiTY ROBE. 

fOG Skyuvaa 

1 Key Findings:The system provides accurte and reliable detection of food 

uterants in real time Jo] integration cnsures seamless remote monitoring and data 



navsis. The user intertace cffecively bridges the gap between complex technology and end 
JISers. 

73.2 Conclusion of System Implementation The project achieved its primary goals 
of developing a low-cost, portable, and user-friendly loT-based food adulteration detection 

Svstem.The system empOwers users to make informed decisions about their food quality 

while contributing to broader food safety and public health initiatives. Further enhancements 

could include additional sensor types for a wider range of adulterants and advanced Al 
models for predictive analytics. 

PURE SAFE WANNG DANGEROIS 
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