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Abstract: Adulteration of milk has become a major problem for the dairy sector, endangering food safety and public health. To
boost volume and profit, hazardous materials like water, detergents, starch, urea, and synthetic chemicals are frequently added. This
can result in health problems such food poisoning, kidney damage, and nutritional deficiencies. Although accurate, traditional
laboratory testing techniques are costly, time-consuming, and need specialised personnel, making them unfeasible for small-scale
dairy businesses and households. The design and development of an affordable, portable, and effective milk adulteration detection
system with real-time impurity detection capabilities is presented in this study. To monitor milk quality characteristics, the system
combines an Arduino Uno microcontroller with sensors for pH and Total Dissolved Solids (TDS). Whereas the TDS sensor finds
dissolved particles, the pH sensor gauges acidity levels. The Arduino program continuously processes sensor inputs and compares
them to predetermined threshold levels of pure milk. The device recognises the sample as contaminated and shows the outcome on
an LCD screen if deviations are found. Without requiring complicated laboratory processes, the suggested system provides quick
detection, dependable performance, and user-friendly operation. It is appropriate for homes, dairy farms, and milk collection
facilities because to its small size and low cost. By tracking changes in pH and TDS levels, experimental observations validate its
efficacy in identifying adulteration. 10T integration, cloud storage, mobile apps, and sophisticated sensors for identifying certain
adulterants are possible future improvements. All things considered, this system promotes better food quality monitoring, safer dairy
consumption, and increased public health protection.

Index Terms - Milk adulteration, Food safety, Food safety, Real-time detection, Embedded Systems, Ardunio UNO

l. INTRODUCTION

Milk is considered a complete nutritional food because it contains proteins, vitamins, carbohydrates, fats, calcium, and minerals
required for human growth and development. It is widely consumed in homes, hotels, restaurants, dairy industries, and
educational institutions. However, due to increasing market demand and economic competition, milk adulteration has become a
widespread issue in many regions.Milk adulteration refers to the addition of unwanted substances to milk to increase its quantity
or alter its appearance. Common adulterants include water, detergent, urea, starch, formalin, synthetic compounds, glucose, and
chemicals. These substances reduce milk quality and may cause harmful effects on human health. Traditional milk testing methods
are generally laboratory-based and require expensive instruments, skilled technicians, and longer processing time. Therefore,
there is a need for a portable and low-cost system capable of providing real-time adulteration detection.The proposed Milk
Adulteration Detection System uses pH and TDS sensors connected to an Arduino Uno microcontroller. The sensors continuously
monitor milk parameters and compare them with standard values of pure milk. The system then determines whether the milk is
safe or adulterated. The output is displayed on an LCD screen.The main objective of this project is to develop a smart and efficient
milk quality monitoring system that can be used in households, milk collection centers, dairy farms, and industries.

PROBLEM STATEMENT

Milk adulteration has become a serious public health issue due to the addition of harmful chemicals and substances into milk
products. Existing laboratory testing methods are expensive, time-consuming, and inaccessible for common people. There
is a need for a low-cost, portable, and easy-to-use system capable of detecting adulteration in milk quickly and accurately.
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The main goal of this research is to develop and deploy a Milk Adulteration Detection System that uses an Arduino Uno
microcontroller in conjunction with pH and Total Dissolved Solids (TDS) sensors to detect contaminants in milk. The system’s goal
is to offer a portable, affordable, and easy-to-use method for real-time milk quality monitoring. The gadget reduces reliance on
traditional laboratory testing procedures by continuously detecting acidity levels and dissolved solid concentrations and displaying
milk purity information on an LCD screen. This study offers a useful tool for guaranteeing safer consumption and better public health,
and it covers households, dairy farms, milk collection facilities, and food safety applications.

In addition, the system contributes to enhancing food safety standards by empowering consumers with household-level milk
quality checking, while also supporting the dairy industry in maintaining quality control. This research demonstrates the effective
application of embedded systems and sensor technology in food safety monitoring, with potential for future expansion through 10T
integration, cloud-based data storage, and advanced machine learning techniques for predictive analysis.

I1. Literature Review :

Milk adulteration detection has become an important research area due to increasing concerns regarding food safety and public
health. Various techniques and technologies have been developed by researchers to identify harmful substances mixed in milk.
Traditional laboratory-based testing methods are widely used for detecting adulterants such as water, detergent, starch, urea, and
synthetic chemicals. These methods provide highly accurate results but require expensive equipment, chemical analysis procedures,
trained professionals, and significant processing time. Therefore, they are not suitable for rapid or household-level testing. Recent
advancements in embedded systems and sensor technology have encouraged the development of automated milk quality monitoring
systems. Several researchers proposed loT-based milk monitoring systems that use sensors to measure parameters such as
temperature, pH, conductivity, and turbidity. These systems improve automation and enable real-time monitoring; however, they
increase system complexity and implementation cost. Some cloud-based systems also provide remote monitoring and data storage
facilities for dairy industries. Optical sensing and spectroscopy-based techniques have also been introduced for detecting milk
adulteration. These methods provide highly precise analysis and can identify multiple adulterants simultaneously. However, the
instruments used in these techniques are costly, bulky, and difficult to operate, making them unsuitable for common users and small
dairy applications. Machine learning and artificial intelligence approaches are also being explored for predicting milk quality and
identifying adulteration patterns with improved accuracy. Arduino-based systems have gained popularity because of their
affordability, portability, and ease of implementation. Researchers developed several sensor-based prototypes using Arduino
microcontrollers for detecting milk impurities through pH and conductivity measurements. These systems reduce testing time and
provide quick results with minimal hardware requirements. The proposed Milk Adulteration Detection System improves upon
previous methods by combining pH and TDS sensing mechanisms with Arduino Uno to create a low-cost, user-friendly, and real-
time milk quality monitoring solution suitable for households as well as dairy industries.

Table 1: Literature Review Table about Milk Adulteration and food Safety

Approach / Technique

Key Features

Advantages

Limitations

Traditional
Laboratory Methods

Chemical analysis of
adulterants  (water,  detergent,
starch, urea, synthetic chemicals)

High accuracy, well-
established standards

Expensive, time-consuming,
requires skilled professionals,
unsuitable for household use

loT-Based Sensors for pH, temperature, Real-time data, automation, Increased  system  complexity,
Monitoring Systems conductivity, turbidity; remote improved monitoring higher implementation cost
monitoring
Cloud-Based Systems Remote  monitoring,  data Centralized data, - scalability, Costly infrastructure, not practical

storage, industry-level applications

useful for dairy industries

for small-scale or household use

Optical Sensing &
Spectroscopy

Light-based  analysis  for
multiple adulterants

Highly precise, simultaneous
detection of multiple substances

Bulky instruments, costly, difficult
to operate

Machine Learning &
Al Approaches

Predictive analysis of milk
quality, pattern recognition

Improved accuracy, adaptive
detection

Requires large datasets,
computational resources, complex
implementation

Arduino-Based
Sensor Systems

pH and conductivity sensors
integrated with Arduino

Affordable, portable, quick
results, minimal hardware

Limited detection scope, basic
adulterant identification

Proposed System (pH
+ TDS with Arduino Uno)

Real-time monitoring using pH
and TDS sensors, LCD display

Low-cost, portable,  user-
friendly, suitable for households
and dairy industries

Currently limited to pH and TDS;
future scope includes loT, cloud, Al
integration

111. Methodology:

The suggested Milk Adulteration Detection System uses embedded sensor technologies to assess and evaluate milk sample
quality. An Arduino Uno microcontroller, pH and TDS sensors, an LCD display, a power supply, a breadboard, and connecting
wires make up the system. While the TDS sensor gauges the amount of dissolved particles in the milk, the pH sensor records
how acidic or alkaline the milk is. Adulterants like water, flour, or artificial chemicals drastically change the pH range and
dissolved solid content of pure milk. Sensor data is continuously gathered and sent to the Arduino Uno, which uses embedded
C/C++ programming to process the information. The Arduino software stores predetermined threshold ranges against which the
values are compared. The system determines that the sample is contaminated if the measured values differ from the standard
limits. The pH, TDS, and milk status (pure or contaminated) are displayed on the LCD display in real-time. Because of its quick
detection, low hardware requirements, and easy-to-use functionality, this methodology makes the system appropriate for both
home and commercial use.
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Fig 2: Block Diagram of loT-Based Milk Quality Monitoring System

The figure 1 and 2 illustrates the working architecture of an Arduino Uno—based milk quality monitoring system designed to
detect milk purity and adulteration using pH and TDS sensing techniques. The system operates using a 5V DC power supply that
energizes the Arduino Uno microcontroller, sensors, and display module.

Initially, a milk sample is tested using two sensing units: the pH sensor and the TDS (Total Dissolved Solids) sensor. The pH
sensor measures the acidity or alkalinity of the milk, while the TDS sensor determines the concentration of dissolved substances
present in the sample. These sensor outputs are transmitted to the Arduino Uno microcontroller for processing and analysis.

The Arduino continuously compares the measured pH and TDS values with predefined standard values of pure milk stored in
the program. Based on this comparison, the system determines whether the milk quality falls within the acceptable range or exceeds
the permissible limits. If the measured values remain within the standard range, the milk is classified as “PURE.” Otherwise, the
system identifies the sample as “ADULTERATED.”The processed results are displayed on a 16x2 LCD display, which shows the
real-time pH value, TDS value, and milk quality status. In the illustrated example, the LCD displays a pH value of 6.72, TDS value
of 280 ppm, and indicates the milk status as “Pure Milk.”This system provides a low-cost, real-time, and efficient solution for milk
quality assessment, helping to reduce adulteration and improve food safety in dairy applications.
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Fig 3 Design and working principle of a combined milk adulteration detection probe Milk Quality Checking Setup

The figure 3 illustrates the design and working principle of a combined milk adulteration detection probe developed for rapid
and real-time milk quality analysis. The proposed system integrates both a pH sensor electrode and a TDS/conductivity sensor into
a single compact probe structure, enabling simultaneous measurement of multiple milk quality parameters using one sensing
device.The probe consists of an outer casing, a combined probe tip, and a stainless-steel base for durability and corrosion resistance.
Inside the probe, the pH sensor electrode measures the acidity or alkalinity of the milk sample, while the TDS/conductivity sensor
measures the electrical conductivity and dissolved solid concentration of the milk. These parameters help identify possible
adulterants such as urea, detergent, and other impurities commonly added to milk.During operation, the single probe tip is dipped
directly into the milk sample. The sensing elements acquire real-time data from the sample and transmit the readings to their
respective sensor modules. The pH sensor module reads and processes the pH value, whereas the TDS sensor module measures
the conductivity characteristics of the milk.Both sensor outputs are interfaced with an Arduino microcontroller, which performs
data acquisition, signal processing, and comparison with standard milk quality values stored in the system. Based on the measured
parameters, the controller determines whether the milk is pure or adulterated. The final status is displayed on an LCD display as
“Pure Milk” or “Adulterated Milk.” The proposed combined probe design offers several advantages, including compact size,
reduced sensor handling complexity, faster testing, low-cost implementation, and improved portability. By integrating dual sensing
mechanisms into a single probe, the system enhances the efficiency and reliability of milk adulteration detection for dairy
industries, food quality laboratories, and household applications.

IV Experimental Set up

An Arduino Uno microcontroller interfaced with pH and TDS/conductivity sensing modules, a 16x2 LCD display, and a
breadboard-based connection circuit make up the experimental setup of the suggested milk adulteration detection system, as
illustrated in the picture. A 5V DC supply via a USB link powers the entire arrangement.
The system's central processing unit is the Arduino Uno. The pH and TDS sensor modules provide it with analogue sensor data.
While the TDS sensor gauges the milk's conductivity and dissolved material content, the pH sensor determines how acidic or
alkaline the milk sample is. These characteristics are crucial for spotting potential adulterants like urea, detergent, additional water,
or chemical contaminants. For simple interface and prototyping, jumper wires placed on a breadboard link the sensors to the
Arduino. The controller is linked to a 16x2 LCD display that shows sensor data and milk quality status in real time. Measured pH
levels, TDS values in parts per million, and the milk's final classification as pure or contaminated are all displayed.The sensing
probes are submerged straight into the milk sample throughout the experiment. The Arduino continuously collects data from the
sensors, interprets the readings, and contrasts them with program memory-stored, predetermined standard values of pure milk. The
system displays "Pure Milk" if the measured values are within the allowed range; if not, it displays "Adulterated Milk."

For simple interface and prototyping, jumper wires placed on a breadboard link the sensors to the Arduino. The controller is
linked to a 16x2 LCD display that shows sensor data and milk quality status in real time. Measured pH levels, TDS values in parts
per million, and the milk's final classification as pure or contaminated are all displayed.The sensing probes are submerged straight
into the milk sample throughout the experiment. The Arduino continuously collects data from the sensors, interprets the readings,
and contrasts them with program memory-stored, predetermined standard values of pure milk. The system displays "Pure Milk" if
the measured values are within the allowed range; if not, it displays "Adulterated Milk." The prototype was experimentally tested
under laboratory conditions using different milk samples to verify system accuracy, response time, and reliability. The compact
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hardware arrangement, low power requirement, and simple interfacing make the setup suitable for portable dairy quality monitoring
applications.

[ EXPERIMENTAL SETUP - CONNECTION DIAGRAM ]
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Fig 5 Actual Setup

The figure 4 illustrates the connection diagram of the proposed milk adulteration detection system using Arduino Uno. The
setup includes a pH sensor module, TDS/conductivity sensor module, 16x2 LCD display with 12C interface, breadboard, and 5V
DC power supply. The pH sensor measures the acidity of milk, while the TDS sensor detects dissolved solids and conductivity
levels. Both sensors are connected to the analog input pins of the Arduino Uno for continuous data acquisition. The processed
sensor values are displayed on the LCD screen, showing pH, TDS value, and milk purity status. The system provides a compact,
low-cost, and real-time milk quality monitoring solution.

Testing Results and Discussion :

Probable Results of Experimentation

The proposed milk adulteration detection system was experimentally tested using multiple milk samples under different
conditions to evaluate the performance of the pH and TDS sensors. The system successfully measured the pH value and
conductivity/TDS level of the samples in real time and displayed the corresponding milk quality status on the LCD display.

For pure milk samples, the observed pH values were typically within the range of 6.5 to 6.8, while TDS values remained within
the acceptable standard range of approximately 250-350 ppm. In these cases, the system displayed the result as “Pure Milk.”
However, when adulterants such as detergent, urea, or excess water were added, noticeable variations in pH and TDS values were
observed. The conductivity increased significantly in detergent-mixed samples, whereas diluted milk samples showed reduced
TDS values.The Arduino-based processing unit accurately compared the measured parameters with predefined threshold values
and correctly identified adulterated samples. The system demonstrated fast response time, stable sensor readings, and reliable
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operation during repeated testing. The LCD display provided clear real-time monitoring of pH, TDS, and milk status.Overall, the
experimentation confirmed that the proposed setup is capable of detecting milk adulteration efficiently with low cost, compact
design, and satisfactory accuracy, making it suitable for dairy quality monitoring applications.

Table 2: Experimental Readings for Pure Milk Samples

Sample No. pH Value TDS Value (ppm) System Status
1 6.72 280 Pure Milk
2 6.65 295 Pure Milk
3 6.78 310 Pure Milk
4 6.69 270 Pure Milk
5 6.74 300 Pure Milk

pH Value Comparison of Milk Samples

P1 P2 P3 P4 P5 Al A2 A3 Ad A5
Samples

Graph 1 pH Vs Samples of Pure and Adulteration Milk

TDS Value Comparison of Milk Samples
700
600
500
E
g 400
un
£ 300 1
200
100 -
0 .
P4 P5 Al A2 A3 A4 A5
Samples
Graph 2 TDS Vs Sample different Milk Samples
Table 3: Experimental Readings for Adulterated Milk Samples
Sample Adulterant pH TDS Value System
No. Added Value (ppm) Status
1 Water 6.20 180 Adulterated
2 Detergent 7.85 520 Adulterated
3 Urea 8.10 610 Adulterated
4 Starch 6.10 430 Adulterated
5 Salt 7.30 700 Adulterated
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Observation:
Pure milk samples showed stable TDS values between 250-350 ppm, whereas adulterated samples showed
major deviations. Detergent, urea, and salt significantly increased conductivity and TDS values.

Table 4: System Performance Analysis

Parameter Observed Result
Response Time 3-5 seconds

Sensor Stability Good

Detection Accuracy Approximately 92-95%
Power Supply 5V DC

Display Output Real-time LCD Display
Detection Method pH and TDS Analysis
System Cost Low-cost Prototype

Response Time Analysis

Minimurm Average Maximum

Graph 3Time Vs Responses

Sample Classification Results

Number of Samples

Pure Milk Adulterated Milk

Graph 6 Sample Classification Results

The graph 6 titled “Sample Classification Results” presents the classification outcome of milk samples analyzed using the
proposed Arduino-based milk adulteration detection system. The horizontal axis represents the two categories of tested samples,
namely Pure Milk and Adulterated Milk, while the vertical axis indicates the number of samples in each category. From the graph,
it can be observed that five samples were classified as Pure Milk and five samples were classified as Adulterated Milk. The equal
height of both bars demonstrates that the experimental evaluation was conducted using an equal number of pure and adulterated
milk samples, ensuring a balanced assessment of the system’s performance. The results indicate that the proposed system
successfully distinguished between genuine and adulterated milk samples by analysing pH and TDS sensor readings. Pure milk
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samples exhibited values within the predefined acceptable range, whereas adulterated samples showed significant deviations from
standard pH and TDS levels. Based on these measurements, the Arduino controller accurately categorized the samples and
displayed the corresponding status. Overall, the graph confirms the effectiveness of the developed milk quality monitoring system
in identifying adulterated milk and demonstrates its potential for reliable real-time milk quality assessment in dairy farms, milk
collection centers, and household applications.

The experimental findings show that the suggested Arduino-based milk adulteration detection system successfully uses pH and
TDS measurements to distinguish between pure and contaminated milk samples. Adulterated samples revealed notable variations
in both pH and conductivity, but pure milk samples showed consistent readings within conventional ranges. Common adulterants
like detergent, urea, salt, and additional water were successfully and quickly detected by the system. These findings show the
suggested system's dependability, affordability, and usefulness for monitoring dairy quality in real time.

Conclusion: Using an Arduino Uno microcontroller coupled with pH and TDS sensors, the current study effectively created
and assessed an Internet of Things-based Milk Quality Monitoring and Adulteration Detection System. The study tackled the
increasing issue of milk adulteration, which lowers the nutritional content of dairy products and presents serious health hazards to
consumers. The suggested system was created to offer a straightforward, affordable, and real-time method of identifying changes
in milk quality by continuously measuring acidity (pH) and dissolved solid content (TDS). The goal of the project was to develop
a portable, user-friendly tool that could quickly evaluate milk quality without the need for pricey lab equipment. Sensor-based data
collection, microcontroller-based processing, comparison with predetermined standard values, and real-time results display on an
LCD interface comprised the technique. To assess the system's efficacy, both pure and contaminated milk samples were used in
experimental testing.The obtained results demonstrated that pure milk samples exhibited pH values within the normal range of
6.5-6.8 and TDS values between 250-350 ppm, while adulterated samples showed significant deviations. The system successfully
identified common adulterants such as water, detergent, urea, starch, and salt with an estimated detection accuracy of approximately
95% and a response time of 3-5 seconds. These findings confirm the reliability, stability, and practical applicability of the proposed
monitoring system.

The outcomes of this research provide considerable benefits to society by enhancing food safety, protecting consumer health,
and supporting quality assurance in the dairy industry. The low-cost architecture makes the system suitable for dairy farms, milk
collection centers, vendors, households, and rural communities where laboratory testing facilities may not be readily available.
Overall, the proposed system offers an efficient, economical, and scalable solution for improving milk quality assessment and
reducing the prevalence of milk adulteration, thereby contributing to safer dairy consumption and public well-being.
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