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ABSTRACT

Food adulteration is a serious problem that can have serious negative health cffects:
particularly when it comes (o commonly eaten foods like milk, 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 10 spot with the

ernet ofThings-based

naked eye. This project suggests creating a complete sensor-driven, Int
rto solve

detection system to detect and measure adulterants in various food products in orde

this urgent issue. The system measures chemical and physical characteristics suggcstive of

turbidity, TDS. and others.

adulteration using a varicty of sophisticated sensors, such as pH.
sis of test

The device's integration of [oT technology allows for instant processing and analy
¢ user interface will

findings in addition to ensuring real-time data capture. An easy-lo-us
The

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

ntific detection methods and everyday use by
at is small. portable. and easy

device bridges the gap between scie providing
h an accessible tool for food safety verification th

consumers wit
and drastically lower the health

to use. This method sceks to raise food safety standards

uming contaminated food items on a regular basis by increasing

hazards connected to cons

transparency and raising awareness.
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ACRONYMS

Acronym Full Form

loT Internet of Things
pH Potential of Hydrogen
TDS Total Dissolved Solids
MPR Monthly Progress Report
ADC Analog-to-Digital Converter
[.M358 Low Power Dual Operational Amplifier
ML Machine Learning

Sustainable Development Goals

SDGs
DRDO Defence Research and Development Organisation
GPS Global Positioning System




NOMENCLATURE

Symbol Description

pH Measure of acidity or alkalinity of a solution
DS Total Dissolved Solids in water or liquid
NTU Nephelometric Turbidity Unit, measure of turbidity
ADC Analog-to-Digital Conversion value
loT Internet-connected technology enabling real-time communication
v Voltage across a circuit
R Resistance in an electrical circuit
l Current flowing through the circuit
pe/ml. Micrograms per milliliter, used for chemical concentrations
AT Change in emperagyre
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CHAPTER |: INTRODUCTION

B

Food adulteration is a major worldwide problem these days, especially when it comes t©
necessities like milk. fruits. and vegetables. Eating this contaminated food can lead to food
poisoning, gastrointestinal issues, and other health issues. Artificial ripening agents, chemical
additives, and pesticides may also be present. Consuming tainted food products may lead to
long-term health problems like toxicity, allergies, and other chronic illnesses. Despite several
attempts  to solve this issuc. current detection methods are still either expensive,
time-consuming, or inaccessible to the general population. This project's objective is t0
develop a low-cost, easily navigable Internet of Things system for the real-time detection of
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.

PODA
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CHAPTER 2: LITERATURE SURVEY

e

Food adulteratio es  mai ; :

tion poses major health risks. particularly when it comes o commonly
consumed products like milk i _
ed products like milk. fruits, and vegetables. where harmful elements like chemical

additions. pesticides. and artificial ripeni o
' es. and artificial ripening agents are commonly disregarded. Traditional

tory-based testing.

making them

techniques for detecting adulterants. such as chemical analysis, and labora

are frequently costly. time-consuming, and need specialized equipment,

unsuitable for daily usage though they have a high accuracy rate. Due to their cost. speed. and

case of use. sensor-based detection systems have grown in popularity in recent years. The

real-time assessment of food product purity has made considerable use of sensors such as

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

The use of Internet of Things (10T) technology has significantly enhanced the detection of

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

users to rapidly evaluate food quality using portable devices,
accessibility and convenience.

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

For example.
and the findings were trustworthy for identifying food

machine learning techniques.
ants. Delgado and Flor [2] have shown how integrating
s might transform real-time food safety monitoring. Because of

pollut inexpensive sensors with the
Internet of Things framework
and requirement fo
common person, even with these developments. By creating an

their high cost. complexity. r technical skill. many current technologies are

still outside the reach of the
ensive. portable, and user-friendly Internct of Things-based adulteration detection tool,

e these constraints. By int
r interface, the proposed system seeks to deliver

inexp
egrating cutting-edge sensors, Internet

our project seeks to overcom

of Things technology, and an intuitive use
g the food's safety and quality for frequent patrons.

reliable real-time results. ensurin




CHAPTER 3: SYSTEM Drsicn O N——

The design of the Internet of Thinegs (o I base
on providing a reliable. real-time solution for

d food adulteration detection system focuses
. detecting 5 i 150 .ms like milk.
truns..and vegetables. The svstem s designed 10 addr;:dl:]:i’i';;'limi;;”:\"h current
detection methods that are either eXpensive. time-consumine nr- \rc Lm;. specialized technical
skiIIs.. This chapter delves into the architecture and uomp:nen{s if [hé svstem. explaining
how it integrates various sensors, loT technology. and a user interface ro'deli\cr real-time.
accurate, and easily accessible food adulteration results.

System Architecture: The architecture of the system is based on the integration of
advanced sensors. a microcontroller. loT connectivity. and a cloud platform to enable
real-time data monitoring. processing. and user fecdhaci\'. The system is designed to be both
cost-effective and user-friendly. aiming to provide a cum‘cr;icnl solution for everyday
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 propertics 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.

PUDW«‘!




TDS (TOtal Dissolved SOIidS) Sensors: To measure the total concen[ration of

disso i o 3 L e .
155C I\@d SO!I(.jb l.n I}_u. sample. helping identify the presence of certain dissolved chemicals or
contaminants in liquids and solid foods.

): The sensor data is collected and processed by a
depending on the specific design). The

Microcontroller (ESP32/Arduino
32 or Arduino,

microcontroller (either ESP
of the system, responsible for:

microcontroller serves as the brain

e Data Acquisition: Collecting sensor data from the connected pH, turbidity. and
TDS sensors. Signal Processing: € onverting raw sensor data into usable information
(e.g.. analyzing pH levels. turbidity. or TDS values).

e Communication: Sending the processed data to the cloud platform via loT

protocols (e.g.. MQTT. HTTP) for real
ntegrates Internet of Things (IoT) technology to

_time storage. analysis. and feedback.

e loT Connectivity: The system i
cnable remote monitoring and real-time  data processing. The microcontroller
hich connects to the cloud for:

communicates with an loT plnlii)rm. wl

P(?ﬂ)mv:‘
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* Data l|II)I(""““'--: I"”"‘\lllilllrl# Processed sensor data to the cloud for storage and

further  analysis.
e Remote Access: Uscers can monitor the results of food adulteration tests remotely
viaa  computer or mobile device
e Cloud Platform: The data transmitted by the microcontroller is stored and
analyzed on a cloud platform, which offers the following benefits:
I.  Real-Time Data Processing: The platform processes the data in real-time o |
identify adulterants based on the sensor readings.
. Data Storage: Historical data of all tests is stored on the cloud. enabling users t
track the safety and quality of food over time.
II. Analyties: 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 Ul can be accessed via:

Mobile App or Web Interface: Users can view the real-time results of food safety
tests. including clear indications of whether the food sample is adulterated. The interface may

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

understand the findings.

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

; : ~hling immediate action to be taken.
user's mobile device or computer, enabling 1m

Portability and Design Considerations: The system is (.jcsigncd to be pt.\rluhle.
allowing users to conduct tests at home, at markets, or in any location \\_'hc?‘c tood .\"ulcl‘\ is a
concern. The device is compact. Iighlucighl. and h.:mcr) -operated, f:nnur.mg that u. can be
used both indoors and outdoors. The sensors are designed 1o be non-invasive, meaning they

do not alter the food sample in any way.

food item can still be consumed after the test ? %

I'his ensures the test remains accurate and thay the
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Table 3.1: Specifications TDS -
pecifications of pH, TDS, and Turbidity Sensors
SeRsor Parameter Range Resolution r\(‘{‘lll;ill‘\_' —i)_pz'rm Rc"p"nsc
Measured " | voltage Time
pH Sensor [ Acidity/Alkaliniy | 0-14 0.01 pH [ +-0.1 ;W—:-_“W <2
l‘l i units units Sccﬂl'ld.‘*
units
-— - '_--'-_-__________--'-"
. =3 & _______-———-—'_-_- .
DS Dissolved Solids 0-1000 | | ppm F-10 ppm 335V DC | <3
Sensor ppm Geconds
- . + = ________————-'___-.
Turbidity | Water Clarity 0-4000 | I NTU +-3% 5V DC <2
Sensors NTU medsured Seconds
value
-_______._l—l—'_"
| (E————

System Design Flow Data Collection: When a food sample (¢.£-. milk. fruit. or
nsors start collecting data. The pH

vegetable) is placed into the detection chamber. the se
the Turbidity sensor measures

sensor detects the acidity or alkalinity of the sample.
cloudiness, and the TDS sensor measures the dissolved solids.

¢ raw data obtained from the sensors is sent to the microcontroller

the data by performing necessary
pH value. turbidity level, or

Signal Processing: Th
(ESP32/Arduino). The
calculations and converting it
TDS concentration).

microcontroller processes
into a meaningful format (c.g..

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 safe and adulterated food. This

involves comparing the sensor readings (e.g.. pH. turbidity. and TDS values) to acceptable
ranges for pure milk. fruits. or vegetables. If the values exceed the threshold. indicating

adulteration, the system marks the sample as
User Feedback: The cloud system processes the data and sends the results to the user

interface. The user sees real-time feedback on't
safe. a green color code may an adulterated sample might show a red color

. Teatl : - e’ ol .
code. The system may also fications to the user's device in case of

adulteration. advising them o av

Data Transmission to Cloud:

adulterated.

he quality of the food sample. If the sample is

appear. while
send alerts or nott
oid consuming the sample.

ege fn,:{
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Table 3.2: Microcontroller  (Arduino  Nano) Technical
Specifications

e
Parameter Specification /

Microcontroller

ATmega328 /

Operating Voltage

5V e

Clock speed

l6MHz /

14 ]

Digital /0 pins
Analog input pins

6 /

Communication interfaces

UART.SPLI2C____—— |

Flash memory

32KB

SRAM

2KB I,y

EEPROM

k8

oot
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Flow Chart:
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The Sensor Integration oy .
pration and .\l}llldl I"l'ncu_-\xllljl module forms the backbone ol the [”|_
orounded tood contaminati v
g od contamination discovery system. It involves the flawless connection ol
multl rle detectors ar detectd ”
| for detecting pollutants and recycling the collected data into muanill‘;“"

labors. The integration is designe i

integration is designed to insure that the detectors give accurate. dCPU"dah‘c
sadings, while the si !
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 integrales

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

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, @

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

Working Principle: The pll detector consists of a glass electrode sensitive t© hydrogen

ion attention and a reference clectrode. 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 |dentification of artificial growing agents( ¢€.2..

calcium carbide).

Turbidity Sensor Purpose Measures the clarity of cloudiness of a liquid. indicating the
presence Of suspended patches o 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. Aftair Analog signal
representing the turbidity position {meuhurt‘d in NTU- Nephelometric Turbidity Units).
operation Milk Discovery of bounct. cleaner. or other undoable contaminations. Fruits

Vegetables relating face pollutants o remainders.

TDS Detector Purpose Measures the attention of dissolved solids in hquids, usetul for
detecting dissolved chemicals or pollutants. Working Principle The detector caleulates (he
electrical conductivity (1C) ol the tiquid, which s directly commensurable to the TDS, A1y
Analog signal representing the 1DS position (measured i ppm= cortidor per million)

t

e ?9‘0 N \J\!
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|—_ T T
_I I,)'% m [ 1IHns T Add Il -
s co o salre . e ’
JuIce SCNSOF osalts Flevated 1S | [Lower Ph
values ( 800 | indicates
R ppm) detected |'i|‘|L'I1il11_’,
Furbidity of | Turkidie . Tom——— chemicals. |
O |ll|h||_i|1_\ Chemical-1a Turbidity 15 [ndicate
Extract Sensor ‘ urbidity 15 | Indicates
: den washing [ NTU detected unclean — or
water chemical
7 > 3 = o = ade ater
Vegetable: | Turbidity of | Turbidity __| laden water_
Spinach Extract Senc Yy f‘\dullcranls Turbidity =10 | Suggests
Sensor In water or | NTU detected unclean  OF
fertilizers chemical use
| chemical Ust |

Signal itionine: :
&ha COndltmmng. The raw signals attained from the detectors frequently need

preprocessing to insure they're suitable for analysis. Signal conditioning modules include the
following way Modification Signals from detectors are generally weak and need
modification. functional amplifiers, similar as the LM358, are used to boost 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. ADC0804 or the onboard ADC of microcontrollers (e.g.. ESP32) is
used for this purpose. The resolution of the ADC (e.g., 10- 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 tor each
detector to determine the quality of the sample. For case pH< 6.5 or> 7.5 for milk may
indicate contamination. TDS> 500 ppm in wate

5. Multisensor Fusion Data from multiple detectors are

¢/ milk is a sign of impurity. Turbidity> 3

NTU in milk suggests contamination
hensive analysis of the
and TDS values conlirms contamination. Anomaly

combined to give a compre food sample. illustration A high wrbidity

reading paired with abnormal pll

Discovery Signal anomalies( ¢.g unloreseen harpoons) are (lagged for fresh testing or

- b ‘ (8 [ . . s

retesting. Data Transmission Once reused. the digital datais ransmitted to the pall using [oT
‘ . ANSIMIS

protocols similar as MQTT or HTTP. P

DDAM’
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CHAPTER S: lOT INTEGRATION

AND DATA MANAGEMENT

raditional testing styvles are converfod : )
['rac < & o) re converted into a4 Mmore |11|C”i[_1l..'ll|. ﬂlll_'llll_\_f' accessible outgrowth
integrating Internet of effeets , ‘
by integ g et ol effects( o) technology into the contamination chancing system.

T makes the system casy - s .
lol ) cY 1o use and effective for diurnal operation by cnabling remote

access. real- time monitoring, and impeccable data operation
L¢ .

Integration of 10T:The 10T frame islands the gap between end- stoner bias. the pall, and

detector modules. The system makes use of 10T to give real- time perception and remote

monitoring.

Hardware:

A microcontroller Wireless communication is made possible via the ESP32's 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 detector 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 Daty Icing
responsibility. security. and vacuity requires effective data operation.

The following procedures are enforced by the loT- grounded system Architeeture ol Data
Flow Data Generation Detectors induce raw data, similar as turbidity, pll. and I'DS. Input
Processing A microcontroller converts undressed input into usetul affair. I ransmission of
Data,

The pall receives repurposed data for analysis and storchouse. Data access addicts use




mobile or web- grounded styles (o recoy |
) er ¢

doassues of (

pirebase by Google for database ¢

qe "W iy
apabilities i real ge Choosing a Platform
i

me.

pata Management:loT Core on AWS
. or

‘ ) safe and expand;
£sp32 integration with ThingSpeak-spe PR

¢ loT functions i S
storing structured data in JSON or table fi functions. Architecture for Data Storage
g ¢ a ¢ lorms. Data is is [
g solated for convenience by tes

e by test type.

date. and sample. Analysis of Data Trends i :
o s in food safety are covered by the analysis and
storehouse of literal data. Analytics dashboards give sapi e
e npics. poirns i paricular o8 mAmEnsnm analogous to possibility of
e i R . contamination kinds. changes in sample quality by
season. MG ﬂ.;u in Real Time Real- time data visualization using operations or
dashboards. warnings on potentially dangerous content, similar as announcements about
mobile bias. Dispatch warns of serious problems. Vacuity and stoner Interface Web and
mobile operations interfaces that are easy to use to communicate with the system. Among the
features are live observation. history of the samples that were anatomized. Report import
choices. Visualization of Data For clarity, use graphs. maps, and real- time guidance. Vacuity
fornon-specialized addicts is guaranteed by the intuitive design. Vacuity ata distance Addicts
may use their laptops or smartphones to cover issues from any position. sequestration and

security Measures for Data Security The use of encryption SSL/ TLS protocols are used to

translate all data exchanges. Verification analogous to two= factor authentication. secure login

procedures aid in precluding unwanted access. sequestration of data compliance with data

nouqawmm:oz of
k Dependency For real- time updates. the system

protection laws siilar:as GDPR. a gtoner data to guaraniee sequestration.

JoT Integration Difficulties with Networ
needs reliable internet access Original storehouse can be used to offer oftline capability for
short- term data retention Scalability Pall coffers and processing power must be acclimated
er of addicts. Effectiveness of power icing that the

in agreement with the growing numb

es fo 5 of time. forthcoming Advancements
I sourc

r dragged age

system runs on movable powe i oo .
and _uasm_am:nan contamination trends using

Al- Powered perceptivity Make guggestions
Computer Fdges R
loT Growth

educe quiescence and drop dependence by
machine literacy models. B :
Connectivity 10 automated  quality

recycling data locally on the device:

pt kitchens:

examinations in storages Or SmMé

ﬂq@. _Jccm
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Table 6.1: Google Colab Machine Learning Model Accuracy and

Performance Metrics

: K < F-1 TRAINING
"'URACY(%) | PRECISION(%0) | RECALL(%)
MODEL | ACCURACY(%) S | T

XGBoOST 99.8 99.5 99.7 99.6 45

R 08.7 98.2 98.5 98.3 60
ANDOM .

FOREST

91.2 91.0 30
DECISION 92.5 90.8 |
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STING, (‘IIAI,I,I".

NGES, AND SOLUTIONS
.1 System Testing anq Validation

.1.1 Test Plan and Methodology
The system underwent a structured testing pro
cess to e

B ; ) nsure reliability, accuracy, and
fficiency. The testing plan included functional tests fo y, @ Y,
sts for eac

h component, integration testin

o1 v 3 3 ’ g

o verify seamless communication between sensors and th
s e

. ‘ - loT platform, and performance
testing under various environmental conditions

.1.2 Experimental Setup and Procedures

he testing setup included: Controlled environments with adulterated and unadulterated
mples of milk, fruits, and vegetables. Sensors calibrated for known thresholds of
dulterants like chemical additives, artificial ripening agents, and pesticides. The IoT system
onnected to a cloud platform for real-time data logging. User interface tests to verify
ccurate display and user-friendly feedback. Procedures involved: Repeatedly testing samples
ith varying levels of adulterants to ensure sensor accuracy. Stress testing the system under
arying temperatures, humidity, and lighting conditions. Analyzing results for consistency

nd reproducibility.

.1.3 Results and Data Analysis

. . 5 7 QS50 y . : o S : 5 .
he sensors demonstrated a detection accuracy of 95% for common adulterants. Real-time

TR Y cop Fo T sfsrse LR
ata transmission through ToT showed a latency of less than 2 seconds for most cases. User

eedback from the interface was intuitive. with clear and concise output for food safety levels.

able 7.1: Summary of System Testing Results for Various

ood Sample ' Sensor outpul Adulterant Detection
| Detected Accuracy

| 0
pH<6.5 TDS>700 | Urea, Detergent O8%

Artificial Coloring | 97%

al-ermel()n Turbidity ~1 5

| ' 1
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[ Agents
[DS> 500, pH <] WaxCoating. 1 96%
3.0 Pesticides

Challenges Faced and Solutions

1 Technical and Hardware Challenges

allenge: Sensor sensitivity varied due to environmental factors such as humidity and

perature.

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

1l processing techniques and optimized wiring to reduce noise.
2.2 Software and User Interface Challenges

allenge: Ensuring the user interface was intuitive for non-technical users. Solution:
hducted iterative user testing and incorporated simplified graphics with clear instructions.
allenge: Data overload in the cloud during peak usage. Solution: Introduced data

npression and periodic archiving to manage cloud storage efficiently.

.3 Solutions ]mplemented:/\dvanced error-handling mechanisms to address sensor or
ectivity failures. Modular software design for easy updates and scalability. User training

i()ns and a built-i]‘] hclp gl.lide Wllhln the UL

able 7.2: Challenges Faced and Corresponding Solutions

hallenge Solution

nsor reading affected by temperature | Added  temperature  compensation |
algorithms ~ to  ensure  accurate

measurements.

Bisc in sensor data Used filters and single conditioning to |
."._'- . P M C «l -~

remove unwanted disturbances,




uent sensor calibration pe

cde . : .
d Included automated calibration to save

Storage space and reduce costs,
v data processing Used efficient algorithms to speed up |
analysis and response times. |
iculty in user understanding Designed a simple and user l'ricndly{i
interface to easier interaction.

cr consumption in portable use Optimized hardware to use low-power

components and efficient energy use.
nnectivity 1ssues in rural area Enabled offline mode and local storage

to ensure functionality.
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. VSIS, ['he user mterface L‘“L‘U“\'Ql'\ hl'idl.’\-'H the gap ht'l\\r't.'l.‘l‘l L'HIT‘.IPIL‘K technology and end

Conclusion of System Implementation The project achieved its primary goals
eveloping a low-cost, portable. and user-friendly loT-based food adulteration detection
em. The system empowers users to make informed decisions about their food quality
contributing to broader food safety and public health initiatives. Further enhancements
include additional sensor types for a wider range of adulterants and advanced Al

dels for predictive analytics.
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