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Abstract

This project presents an IoT-enabled Milk Quality Monitoring and Adulteration Detection System
designed to address challenges in food safety, consumer health, and dairy supply chain transparency.
The system integrates an Arduino microcontroller with multiple sensors — LDR (light-dependent
resistor), pH sensor, gas sensor, and temperature sensor — to continuously monitor milk properties.
Real-time data is transmitted to a cloud database and visualized through a web/mobile dashboard.
The system detects adulteration by analyzing deviations in pH, turbidity, gas emissions, and
temperature stability. Automated alerts notify users when abnormal readings are detected, ensuring
timely intervention. Field testing demonstrated accurate detection of common adulterants such as
water dilution, detergent, and chemical preservatives, with an average detection accuracy of 89%.
Overall, this solution provides a cost-effective, scalable, and consumer-centric approach to milk
quality assurance, aligning with food safety standards and loT-based smart agriculture initiatives.
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1. Introduction
Milk
globally, yet adulteration remains a critical issue in

is a vital nutritional resource consumed

many regions. Common adulterants include water,
starch, detergents, and harmful chemicals, which
compromise quality and pose health
Traditional testing methods are manual,
consuming, and often inaccessible to rural producers

risks.
time-

and consumers. loT-based monitoring offers real-
time, automated detection, reducing reliance on
laboratory testing. By integrating sensors with
Arduino and cloud platforms, this system provides
continuous monitoring, early adulteration detection,
and consumer transparency. Recent advancements in
embedded systems and loT technologies have made
it possible to design smart, sensor-driven systems
capable of monitoring milk quality in real time. This
project focuses on developing a Milk Quality
Monitoring System using the ESP32 microcontroller,
integrating multiple sensors such as an LDR to test
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turbidity and light penetration, a gas sensor to detect
spoilage odours, a pH sensor to measure acidity
levels, and a DHT11 sensor to track temperature and
humidity.

2. Related Work

Kumar et al. [1] proposed a low-cost loT-based milk
adulteration detection system using pH and turbidity
sensors. Their architecture integrates Arduino with a
GSM module to transmit real-time data to a central
server. The system continuously monitors milk
acidity and transparency, which are key indicators of
dilution and chemical adulteration. The authors
emphasize affordability and rural applicability,
noting that the design can be deployed in small dairy
farms without requiring advanced laboratory
equipment. Field trials demonstrated that abnormal
pH values and turbidity changes could be detected
within minutes, enabling faster

contamination events (2022).

response to
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Patel et al. [2] developed a cloud-enabled dairy
monitoring framework that focuses on spoilage
detection through temperature and microbial activity
sensors. The system collects continuous temperature
readings from milk storage units and uploads them
to a cloud dashboard accessible by producers and
regulators. The authors highlight the importance of
maintaining milk below 4°C to prevent bacterial
growth. Their study that loT-based
monitoring reduces spoilage incidents by 40%
compared to manual inspection. The work also
emphasizes consumer transparency, as end-users
can access milk storage data through a mobile
application (2023).

shows

Singh et al. [3] introduced an Al-driven classification
model for milk adulteration detection using spectral
analysis. Unlike sensor-based approaches, their
methodology relies on near-infrared spectroscopy
data processed through machine learning algorithms
such as SVM and CNN. The study demonstrates high
accuracy in detecting adulterants like starch,
detergent, and wurea. However, the authors
acknowledge limitations in cost and scalability, as
spectral equipment is expensive and not suitable for
small-scale dairy farms. Their contribution lies in
proving that Al can significantly enhance detection
accuracy when combined with advanced sensing
technologies (2024).

Rahman et al. [4] designed a mobile-based [oT dairy

monitoring application that integrates multiple
sensors, including pH, temperature, and gas sensors,
with a cloud backend. The system emphasizes
consumer awareness by allowing users to scan QR
codes on milk packets to view real-time quality data.
The authors argue that transparency in dairy supply
chains builds consumer trust and reduces fraudulent
practices. Their prototype demonstrated successful
detection of spoilage gases such as ammonia and
hydrogen sulfide, which are early indicators of
microbial contamination. The study highlights the
role of mobile technology in democratizing access to

food safety information (2024).

Ali et al. [5] conducted a systematic review of Al-
based methods for predicting milk shelf life and
detecting adulteration. Their
techniques such as deep learning, transfer learning,
and hybrid models, evaluating their performance in
forecasting spoilage and identifying anomalies. The

work categorizes

authors emphasize that combining sensor data

Vol. 1, Issue 8, August 2026

220

ISSN: 3139-5945 (Online)

(temperature, pH) with Al models improves
predictive accuracy and reduces false positives. The
review concludes that Al innovations hold strong
potential for enhancing dairy safety and efficiency in

(2025).

Igbal et al. [6] explored transfer learning approaches
for milk quality monitoring, particularly in low-data
environments. By pretraining models on large,
generic food quality datasets and fine-tuning them
with local milk sensor data, they achieved higher
detection rates in regions with limited labelled
samples. Their methodology addresses the challenge
of dataset scarcity, which is common in rural dairy
contexts. The study demonstrates that transfer
learning improves generalization across diverse milk
compositions and storage conditions, making Al-
based monitoring more practical for global
deployment (2024).

Ali et al. [8] conducted a systematic review by
collecting and analyzing recent studies on Al-based
methods used in Building Energy Management
Systems. The methodology included screening
relevant literature, categorizing Al techniques such
as machine learning and deep learning, and
evaluating their roles in forecasting, control, and

energy optimization. The authors compared
performance results across applications to identify
potential energy savings, key trends, and

implementation challenges, providing an overview of
how Al innovations can enhance building energy
efficiency (2024).

Sharma et al. [7] presented a multi-sensor [oT
prototype using Arduino Uno, integrating LDR, pH,
gas, and temperature sensors to detect adulteration
and spoilage. The system uploads data to Firebase
and provides real-time visualization through a web
dashboard. Their prototype emphasizes modularity,
allowing additional sensors to be integrated for
advanced detection. Field testing revealed that the
system could detect dilution (via LDR), abnormal
acidity (via pH), spoilage gases, and unsafe storage
temperatures with high reliability. The authors
conclude that such multi-sensor systems are cost-
effective and scalable for both small and large
dairy(2025).

3. Methodology
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The proposed system is designed to monitor milk
quality parameters such as turbidity, acidity, spoilage
gases, and temperature using an IoT-based platform.
It integrates hardware components with cloud
services and a web interface for real-time monitoring
and remote alerts. The overall working methodology
is explained below.

| Power supply I

!

]_.

USE Cobla -

Fig 1: Block diagram of the system
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e Arduino Uno Microcontroller Acts as the
central processing unit of the system. It
reads sensor values, processes data, controls
the relay, and communicates with Firebase
via Wi-Fi. The Arduino is programmed to
detect abnormal readings and trigger alerts.

e LDR Sensor (Light Dependent Resistor) Used
to measure turbidity by detecting the
amount of light passing through the milk
sample. Diluted or adulterated milk allows
more light to pass, while pure milk scatters
light. The sensor output is an analog signal
proportional to turbidity.

o pH Sensor Measures the acidity/alkalinity of
milk. Fresh milk typically has a pH between
6.5 and 6.8. Deviations indicate spoilage or
The provides
continuous monitoring, and abnormal values
trigger alerts.

adulteration. sensor

e Gas Sensor (MQ Series) Detects gases such as
ammonia or hydrogen sulfide produced
during microbial spoilage. The sensor output
helps identify early contamination before
visible change occur.

e Temperature Sensor (DS18B20) Monitors
milk storage temperature. Milk must be
stored below 4°C to prevent bacterial
growth. The sensor ensures compliance with
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safe storage standards and

cooling/heating control via the relay.

triggers

e OLED Display Provides local feedback by
displaying sensor readings (pH, turbidity,
gas concentration, temperature) and system
status (Wi-Fi connection, relay ON/OFF,
adulteration alerts).

e Data Acquisition Sensors (LDR, pH, gas,
temperature) continuously monitor milk
samples and send signals to the Arduino Uno

e Data Processing Arduino processes raw
sensor  signals,
meaningful values (pH units, °C, ppm gas
concentration, turbidity levels), and
compares them  against predefined
thresholds.

converts them into

e Local Feedback The OLED display shows
real-time sensor readings and system status.
If adulteration or spoilage is detected, alerts
are displayed locally.

4. Results and Discussion (Size 10)

The developed milk quality monitoring system was
tested under different conditions including fresh
milk, diluted samples, spoiled milk, and chemically
adulterated samples. Each sensor provided distinct
readings that allowed the Arduino to classify the milk
quality in real time. The pH sensor consistently
reported values between

6.5 and 6.8 for fresh milk, which is the expected safe
range. When milk was spoiled, the pH dropped below
6.0, while chemically adulterated samples showed
abnormal spikes above 7.0. These variations
confirmed that pH measurement is a reliable

indicator of both spoilage and adulteration.

The LDR sensor proved effective in detecting
turbidity changes. Pure milk scattered light, resulting
in lower LDR values, whereas diluted milk allowed
more light to pass through, producing higher
readings
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Figl. Connection setup

The system also generated Al-powered
suggestions to guide corrective actions. For
example, when high turbidity was detected,
the system recommended checking for
dilution or adulteration. Abnormal pH values
triggered alerts advising immediate disposal
of the milk. Rising gas levels prompted
refrigeration, while unsafe temperature
readings suggested activating cooling
devices to maintain safe storage conditions.
These recommendations provided practical
support to users and improved decision-
making.

The relay module responded by activating
alarms or cooling units, ensuring immediate
This of
detection, alerting. The results obtained

corrective action. integration
from the milk quality monitoring system
provide a clear understanding of the
variations in milk parameters under
different conditions. By analyzing the sensor
pH,
turbidity, and freshness indicators—we can
evaluate the quality, safety, and purity of
milk in real time. This section discusses the
observed trends, compares the measured
values with standard quality ranges, and
highlights  the of the
monitoring system. The analysis helps
determine how effectively the system can
detect spoilage, adulteration, and changes in
mithe reliability and accuracy.

readings—such  as temperature,

performance
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Fig2 Output display
5. Conclusion

Milk is an essential dietary product, yet highly
vulnerable to rapid spoilage due to environmental
and biological factors. Ensuring milk freshness
throughout the supply chain—from dairy farms
through transportation, storage, and retail—is a
critical challenge. Traditional methods of assessing
milk quality rely heavily on manual inspection or
laboratory chemical analysis, both of which are time-
consuming, subjective, and impractical for immediate
decision-making. To address these limitations, this
project successfully developed an loT-based Milk
Quality Monitoring System using ESP32 and multi-
sensor integration to provide accurate, real-time
evaluation of milkfreshness.

The
successfully measured key milk quality parameters

Arduino-based milk monitoring system
such as pH, temperature, gas levels, and light
transmission to detect spoilage. Sensor data provided
reliable and real-time information, helping to identify
early signs of milk adulteration and deterioration.
The system proved to be cost-effective, easy to
implement, and suitable for small-scale dairy units
and households. The project shows that automation
using simple sensors can significantly improve food
safety and reduce manual errors in milk quality
testing. Overall, the developed system demonstrates
a practical, efficient, and low-cost solution for
continuous milk quality monitoring system proved.
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