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Abstract: Milk is an essential element of our daily diet. It provides many nutrients, including vitamins, minerals,
protein, healthy fats, and antioxidants. It is very much essential to drink healthy milk. However, due to different
aspects of our society, i.e., unhealthy environment, corruption, and lack of food security, we are consuming impure
milk provided by dairy shops. Among the causes of small-scale dairy producers’ difficulties in producing hygienic
products are informal and unregulated marketing, handling, and processing of dairy products, lack of financial
incentives for quality improvement, and insufficient knowledge and skills in hygienic practices. This impure milk
produces adverse effects on our health and, worst cases. According to the World Food Organization report, 41% of
health issues are due to impure milk in Pakistan. Unfortunately, there is no absolute or intelligent system to
identify the Milk quality in Pakistan. In this work, an Intelligent Milk Quality Detection system is proposed. The
project proposed an optical sensor based digital system that identifies milk quality. The optical signal is acquired
from Milk and after that signal processing techniques will be applied to convert the signal to be classified for the
machine learning approach. In addition to optical, the other sensors such as fat, protein, and water preserve sensors
are used to get accurate results. The project will offer an intelligent and accurate system to detect the quality of
milk that will acknowledge the best milk to be consumed by the public.
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1. Introduction

Milk is an essential element of our daily diet. It provides many nutrients, including vitamins,
minerals, protein, healthy fats, and antioxidants [1]. It is very much essential to drink healthy milk.
It is a rich source of protein, with just one cup containing 8 grams. Protein is required by the human
body for a variety of critical processes, including growth and development, cellular repair, and
immune system modulation [2]. Milk is a "complete protein," containing all nine essential amino
acids required for the human body to operate properly. Milk has two major forms of protein: casein
and whey protein. Both of these proteins are regarded to be of good grade [3]. Casein accounts for
the majority of the protein in cow's and buffalo's milk, accounting for 70-80% of the total protein
composition. Around 20% is whey [4]. Whey protein is a source of the branched-chain amino acids
leucine, isoleucine, and valine, which have been related to a variety of health advantages. However,
due to different aspects of our society i.e., unhealthy environment, corruption, and lack of food
security, we consume impure milk provided by dairy shops [5]. Among the factors contributing to
small-scale dairy producers' difficulties with hygienic product production are informal and
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unregulated marketing, handling, and processing of dairy products; a lack of financial incentives for
quality improvement; and insufficient knowledge and skills in hygienic practices [6]. Among the
factors contributing to small-scale dairy producers' difficulties with hygienic product production are
informal and unregulated marketing, handling, and processing of dairy products; a lack of financial
incentives for quality improvement; and insufficient knowledge and skills in hygienic practices [7].
This impure milk produces adverse effects on our health and in the worst case; it may cause severe
issues with the digestive system and may cause food poising, stomach cramps, vomiting, and
diarrhea as well [8]. Milk adulteration is a social problem. It exists both in the backward and
advanced countries. Common adulterants in milk and its effect on human health are various types
of adulterants are used in milk. Among them some kinds of adulterant and their impact on health of
human body such as, Water, Urea, Hydrogen peroxide, Detergents, Starch, Carbonates and
bicarbonates, Chlorine, Antibiotics, Whey / liquid whey, and many more [9]. According to the
World Food Organization report, 41% of health issues are due to impure milk in Pakistan.
Unfortunately, there is no absolute or intelligent system to identify the Milk quality in Pakistan
[10]. Hence it is very important to test the purity of milk before consumption as synthetic milk and
pure milk look the same and have a same taste.

It is critical to monitor the quality and adulteration of milk. Numerous current and novel
techniques are employed to detect the presence of adulterants in milk, and the standard metrics for
determining the milk's quality and adulterations include the quantity of water, fat, protein, and solid
not fat (SNF), as well as the microbiological count [11].

The proposed Milk Quality Identifier works's benefits include the ability to intelligently and
reliably identify impurities in milk that is free of debris and silt; free of off tastes and aberrant
colour and odour; and low in bacterial count. The suggested approach will assist in identifying milk
that is both safe and appropriate for its intended usage. The initiative will assist in achieving a high
standard of quality; proper hygiene measures should be implemented across the dairy supply chain.
In this work, an Intelligent Milk Quality Detection system is proposed. The work proposed a
sensors-based digital system that identifies milk quality. The sensor signal is acquired from Milk
and after that signal processing techniques will be applied to convert the signal to be classified. The
work will offer an accurate system to detect the quality of milk that will acknowledge the best milk
to be consumed by the public.

2. Background and Literature Review

Long before recorded history, milk was recognized as an excellent sustenance with unmatched
nutritional value for sustaining human beings. It is considered a full meal because to the fact that it
contains all of the necessary nutrients for all animals, including humans [11]. In its natural state,
milk possesses the highest nutritional value. It more precisely satisfies the body's nutritional
requirements than any other single food since it contains all of the nutritional components required
to complete each physiological activity of the body system. Milk contains around 87.80 percent
water, 3.20 percent protein, 3.50 percent fat, 4.80 percent lactose, and 0.70 percent minerals,
according to Pehrsson [12], and 100g milk has approximately 66 kcal of calories. Historically,
research shows that individuals who obtained the majority of their daily energy requirements from
milk and milk products were more successful and capable of efficient governance, and these groups
benefited from total immunity to a variety of nutritional illnesses [13]. On the other side, the
world's poorest or least developed nations or areas lack access to milk, resulting in a large number
of nutritionally deficient population [14]. Thus, continual monitoring of milk quality and
adulteration is critical to resolving these issues. There are various current and novel ways for
detecting the presence of adulterants in milk [15], and the standard metrics for determining the
milk's quality and adulteration include the quantity of fat, protein, solid not fat (SNF), and
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microbiological count. Impurity analysis is completed as numerous tests were conducted to rule out
the existence of impurities/adulteration. The tests were mostly titrations of the sample with various
reagents. The presence of added sugar and starch was measured using the technique described by
Karmaker et al in [16]. It is very important to check the pureness of milk at dairy shops while there
IS no such system that can be used in local areas [17]. Only industrial based techniques are used for
the milk pureness detection and these techniques are not useful commercially. Here we are trying to
design a system to detect milk pureness.

3. Research Methodology

The implementation of the work will be carried out as per the direction mentioned in the
objectives and the flow diagram. In the first step, the optical transducer will expose pulse on milk to
test impurity. After using phototransistor, the optical pulses reflected from milk will be collected as

shown in Fig. 1.
Optical _ Optical Optical to IoT Based
Transmitter — A recsiver Electrical System
Milk is pure | |

‘ Milk is impure ‘

Fig. 1 — Design approach of Milk pureness detection system

The collected reflected optical pulses from milk and other data from different sensors will be
processed using an Embedded system that will convert the signal into the digital signal and after
that, the data will be given to a machine learning model for training the data. Finally, the Al-based
system will collect the data from the optical sensor and train the system based on received real-time
data along with detection and recognition of impurity of the milk. The implementation model is
depicted in Fig. 1. The proposed system is based on three sub-systems. The first is the sensing
system, second is the processing of data, and the last is the machine learning algorithm system.
These sub-systems are shown in Fig. 2.

s Light intensity * Pure Milk
* Other sensors * |oT based * Impure Milk
system

Fig. 2 — Sensing system and data processing

The sensing system is based on Optical Technology that measures the light intensity reflected
from the milk that will be tested. The processing system is based on a data accusation system and a
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real-time system carrying and processing all the data from the sensing system. This transfers the
data to an loT system for classification and recognition of milk impurity. The last stage is based on
the internet of things / 10T system output that will display that either milk is pure or impure by
measuring the milk's fat. The hardware design is shown in Fig. 3

Fig. 3 — Hardware Design

The system is based on optical transmission and reception. The transmission of something is the
passing or sending of it to a different person or place while the reception is to receive the passed or
sent data from the sender. The optical transmitter in this case is a LASER light device that emits
light by optical amplification using electromagnetic radiation that has been triggered to emit light.
A laser emits coherent light, which distinguishes it from other light sources. The optical receiver is
LDR which is photo resistor (also known as a light-dependent resistor, LDR, or photo-conductive
cell) amd a passive component that decreases resistance with respect to receiving luminosity (light)
on the component’s sensitive surface. The system design using, ESP8266 NODEMCU, DHT11
sensor is used to detect temperature and humidity of environment at which milk is going to be test.
Light dependent resistor is used as a receiver that receive laser light and convert it into the electrical
voltages and current. That electrical signal is given to the ESP8266 to process the data and generate
LASER with a wavelength range of 400 to 700 nanometers is used. When a LASER light falls on
liquids, it spreads or the light intensity of the LASER reaching the opposite side decreases, this
Laser will be employed in our module to detect the fat content of the milk. Various solids have
different levels of light intensity. LIGHT DEPENDENT RESISTOR (LDR) is used to observe the
resistance changes when light shines on it. The resistance of the LDR can vary by many orders of
magnitude, with the resistance decreasing as the amount of light rises. Light dependent resistors,
LDRs, photoresistors, and even photocells, photocells, and photoconductors are all names for these
electronic components. Other electronic components, such as photodiodes or phototransistors, can
also be utilised, but LDRs or photo-resistors are especially useful in many electrical circuit designs.
For variations in light level, they produce a considerable shift in resistance.

4. Results and Discussion

The work milk pureness detection system is delivered the prototype that identifies the milk
quality as the final deliverable. The buffalo milk type data set is used for training and testing
because buffalo milk has a larger total solids content than cow milk, resulting in a thicker product.
Buffalo milk contains 100 times the fat of cow's milk, making it creamier and thicker. Buffalo milk
can be naturally stored for a longer amount of time due to its high peroxidase activity (a family of
enzymes that function as catalysts for processes). Buffalo milk is a better nutritious supplement for
newborns because it includes more calcium, has a higher calcium-to-phosphorous ratio, and
contains less sodium and potassium. Finally, the accuracy of the machine learning algorithm will be
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identified to find the quality of the milk by measuring its fat contains. Table 1 shows the average
values of LDR readings that have taken experimentally.

Table 1 — Milk average value

S.no Milk average value

1. Pure and fresh 7.12
milk

2. Pure stored milk 7.07

3. 50% impure milk 7.3

4. 60% impure milk 7.8

S. 75% impure milk 7.9

Table 1 shows the average values based on fat content in buffalo milk. When the LDR sensor
gives the values in above range then the 10T based system will display results on the robot serial
monitor accordingly. The readings that have been taken experimentally are given below with the
graphic representation. Fig. 4 shows the relationship between LDR values and time readings have
been observed. There are more fluctuations in pure and fresh milk than stored pure milk because
environment pollution can affect fresh milk.

LDR

—+—LDR
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04:44:43
04:46:13
04:47:41
04:49:17
04:50:472
04:52:01
04:53:22
04:54:43
04:56:05

Fig. 4 — Fresh and Pure milk values

In the above graph time is on x-axis and Idr values are shown on y-axis. X-axis shows the total
time in which Idr values are detected experimentally. In almost 25 minutes, we learned about the
behavior of Idr for pure and fresh milk fat content. The 100% pure but stored milk (upto 8 hrs) in
stored milk, fat and total protein contents and acidity values slightly increased. Cold storage of both
kinds of milk increased the rennet coagulation time (RCT), curd tension and curd syneresis
(extraction or expulsion of a liquid from a gel) values. Also, preservation of buffalo’s and cow’s
milk at 4-5°C increased total viable bacterial (TVBC), lactic acid, psychrophilic bacteria,
proteolytic (enzymes) and yeast counts. It is observed form the previous research that when the
milk is stored in a refrigerator for time being, the density of milk is increased. So the graph shown
below is displaying exact 7 values except one glitch value which is because of analog nature of
sensor as shown in Fig. 5
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Fig. 5 — Pure but stored milk values

The time on x-axis does not affect Idr values, it only shows the period on which experiment is
being performed. But the temperature and humidity may effect on sensor values. Also,
environmental pollution may cause impurities in the milk, so the experiment area must be neat and
clean for accurate readings. At 50% impure milk, as mentioned above, the average 50% impure
milk values are 7.3. Since polluted water is added to the pure milk which is designed to increase the
shelf life and quantity of milk and improve its taste. This is contaminants are damaging a key staple
of diets, especially for infants. When the sensor senses the intensity of light passing through the
50% impure milk, Idr will give the result greater than or equal to the average value mentioned in
Table 1. The graphic representation of impure milk is given below, indicating the values of Idr for
impure milk and showing some glitch values because of some environmental distortions as shown
in Fig. 6.
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Fig. 6 — 50% impure milk values

Lower fat milk is made by removing the fat, not diluting the milk with water. Add %2 quart of
water to %2 quart of milk and you’ve diluted the fat by half, but also all the other essential the
nutrients, including calcium and vitamin D. “The milk also will taste watered down”. In many areas
of Pakistan, water is added to milk to increase the quantity of milk to fulfill the consumer’s
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requirements because resources for producing and supplying pure milk are lesser while the
consumer’s demand is more than that. But impure milk has very adverse effects on human health,
so it is very important to supply pure milk in less quantity. More impure milk means more health
issues.

4.1 Effect of temperature (26°C) on 80% impure milk

As it is observed that high quantities of milk are sensitive to heat and tend to decrease their milk
production. It is shown that all other conditions being approximately the same, the lower the
environmental temperature within the observed limits, the higher the percentage of fat in milk. It is
found that striking variations of the percentage of fat with season which is independent of the
period of lactation or of the character of the diet suggests exercise and temperature as possible
causes of this variation. The graph shows the variations in the temperature with the time passing,
these variations in temperature values are effected on the milk which may be caused the variation in
Idr values. With the constant temperature values, Idr values are also constant but some unwanted
values are due to distortion of sensor. When the temperature increases that may cause the increment
in Idr values, that is directly effected on the fat content of milk. The relation between fat of milk
and temperature is inversely proportional. The temperature incresed the fat content in milk
decreased. Below is the graphic representation of this relationship as shown on Fig. 7.
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Fig. 7 — Effect Of (260C) Temperature on Milk And Ldr Values

The table given below shows the experimental value of temperature and Idr. There is not that
much effect of temperature on the Idr value if temperature increases in the floating points, but when
these values go towards the precision, it may affect the Idr values.

5. Conclusion

In comparison to other traditional ways, this method is also accurate and precise, but the
complete system must be closed space. This must be calibrated before use by using other
established methods to determine the fat level. If the depositor deceives the machine by pouring
things other than milk, such as honey, the device will not function properly until it is serviced. The
system should be improved to segregate different fat content milks into distinct containers and
detect the user who is attempting to tamper with the machine. This project proposes an Intelligent
Milk Quality Detection using 10T based system. The project is offered an intelligent and accurate
system to detect the quality of milk that will acknowledge the best milk to be consumed by the
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public in local areas or commercially. This system can be designed at a larger scale to detect other
milk parameters.
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