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Abstract

The milk industry in India is a huge contributor to the income of a nation and this industry rests on the existence of cooperation
that bring together dairy Farmers by combining their individual, small contributions. Most of these co-operations use a dual axis
price fixing that is used to set the price of milk. But even at this age of technology, these establishments use old equipments to
get convenient and in most of the cases, wrong quality readings and thus the small dairy farmers are cheated out of their money
because of this. So we plan on designing and implementing an embedded solution which would allow for fast and accurate
determination of the sample parameters and which can replace the existing methods as the primary test. This paper describes one
of the applications of embedded system that we call the Electro-MilkTester.
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I. INTRODUCTION

Milk is a primary source for nutrition in many young mammals before they are able to digest other types of food. As such milk
has several naturally added substances to help the baby in terms of both nutrition and immunity. Thus milk becomes a very
valuable agricultural product that is extracted from mammals that are extensively farmed. In figures, India is the largest producer
and consumer of milk, with zero import or export. Also, this sector happens to have a considerable share of the Gross Domestic
Product that is generated by the agricultural sector. And based on the money generated, it is comparable on a global scale.
However, even with such an important position, the Indian dairy sector is not technologically up to date, as is the case with all
the agricultural sectors in India. One of the main problems faced in the grass-root level of the milk industry is the quality scale (a
measure of quality) and successively the methods that are used to implement such a scale for the purpose of fixing the price. The
quality of the milk is the measure of its nutritive value. Since milk is mostly water, the quality is the content of the milk in the
form of fats, proteins and sugar. These contents are broadly divided into 2 categories — FAT and SNF (solid not fat). The price of
the given sample of milk is set by giving the money on the basis of the amount of these two components. This is called the Dual
Axis price system. The rate of each component may vary from time to time. Hence for a milk farmer to get paid the amount that
is correct, the calculations of these components must be as accurate as possible. The standard method that is trusted to be used
for this purpose is a chemical process that is time consuming and tedious to be carried out. The actual system was meant to be
that the milk could be tested at the milk collection center without any further processes involved. To simplify the matters, some
electronic meters were introduced in several places in India, but they tended to be faulty and prone to break down. So in most
cases, the test of quality is done by the use of a single reading of a lactometer. This method is not only vague but also wrong as it
short-changes the farmer who may get paid less than what he deserves. So what the milk societies are in need of is a fast and
accurate method of calculating the quality of milk in terms of the two variables. The system we propose as a project is an
electronic milk tester which can be used to find the quality of the milk samples by measuring more than one parameters at once.
The targeted beneficiaries of this project would be both the milk farmers and the industry in whole. The farmers would be
benefiting in the sense that they would get a just pricing and they cannot get cheated by the system, since manipulating it would
be harder than manipulating a physical measuring scale. The industry would benefit because this can be used as a cheap
alternative to the cost prohibitive and non-user friendly meters available abroad. This project would allow for an indigenous
developed tool that can be used as a complete solution for this.
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Il. PRESENT METHODOLOGY

As payment for the milk of farmer's are based on the quality of the milk which they delivered to the dairy and the quality is
decided on Fat, SNF & Weight of milk. Since milk solids excluding fats cannot be determined directly without the use of
advanced spectroscopic techniques, we use an alternative to it. First we find the FAT content and the Specific Gravity (or the
Corrected Lactometer Reading, shortened as CLR) of the milk and then find out the SNF content from a mathematical equation,
called as the “Richmond's Equation”.

A. FAT Measurement

1) Gerber Method

The Gerber method is a chemical test for determining the fat content. The test is the standard for finding out the fat content, but
the chemical test is destructive and thus the number of tests you can do on any given sample of milk is severely limited. The
results also depend on the concentration of the reactants. The reaction is done by taking standard ratio of reactants, 10ml of
H,SOy, 10.75ml milk & 1ml Isoamyl alcohols is added together & fill it in a Butyrometer. Then the Butyrometer containing this
mixture is placed in the centrifuge, then after centrifuging it about five minutes we will get the fat contents in the milk.

2) Electronic Milko-Tester

Unlike the chemical test, the electronic meters are non-destructive in nature.

It works on the principle of scattering of light by the heavier fat globules in the milk sample. To avoid making mistakes in
readings, the samples are homogenized. In most of the cases, the homogenization is done by chemicals which are non-corrosive
in nature. The fat globules are further dispersed by passing it through a nozzle or a syringe. As a fixed ratio, 0.5 ml of milk is
mixed with 6.5 ml of reactant solution. The reactant solution of 10 liters is prepared from EDTA (Ethylene Diamine Tetra
Acetic acid) sachet powder (1 packet =52.6gms) + Antifoam (1.0ml) + emulsifier (Triton-X-100 =0.5ml). Now when a beam of
light is shone on one end, by knowing the amount of scattering, we can figure out the amount of fat present in the solution.

B. CLR Measurement

3) Lactometer

Lactometers are hydrometers that are specifically built with a scale to measure the density of milk. And this reading of a sample
is taken as a fixed and standard value called as the Lactometer reading. This instrument mainly contains glass tube containing
mercury or lead shots at the bottom side of it. A fixed amount of sample is taken in a measuring cylinder and the lactometer is
dipped in it. Based on the density of the sample, the lactometer rises or falls and the reading is taken from the scale that is on it.
The most important factor affecting the lactometer reading is temperature, and there is a correction factor that must be included
for a respective change in temperature. This corrected reading is the actual value of the density, and is known as the CLR
(Corrected Lactometer Reading).

Some have added some features to the regular lactometer, to improve its accuracy and to make the readings easier to be read.

One such instrument is the Auto CLR.

4) Auto CLR

Auto CLR uses a transducer to find the position of the lactometer. The lactometer moves in a vertical motion, so the motion is
detected by means of a linear motion transducer. The position is encoded and the value is given to a microcontroller. The
microcontroller runs a fixed function to find the density based on the position value. The microcontroller also makes it very
much easier to add the correction to the readings. Thus, Auto CLR gives the correct readings in a digital format that can be
understood by anyone using it.

Once the CLR and Fat content is known, by application of the Richmond's equation, we find out the SNF value of the sample
as follows

SNF% = 0.25 x CLR + 0.2 X Fat + 0.5

After having measured the quality of milk, the rate of the milk is fixed on the basis of the Dual Axis price. Now what remains
is the measurement of quantity. The quantity can be measured separately at last, since we already have done the necessary
qualitative test. Main methods used are manual or electronic balances.

Electronic fat measurement methods are acceptable as of now. However the measurement of CLR is quiet difficult because
there exist no other reliable method other than the ones that exist. The existing technology is quiet outdated and slow.

Since CLR is nothing but the specific gravity, which is the relative density to water, all that we need is a liquid density sensor.
However liquid density sensors are not very varied and suitable to be adapted on different scales. The sensors or transducers that
are used to measure the liquid densities are in most of the cases suited for extremely specific tasks. The only method that has
been viably used in miniaturized scale of a milk tester is an ultrasonic sensor which works upon the same principle as an
ultrasound. The working principle is basically the reflectance ratio of certain materials, and by which the relative densities of two
materials are found. Thus, by the use of an enclosed column, the measure of reflectance becomes the function of relative
densities of the liquid in the column and the enclosing wall at the end of such a column. It uses highly accurate ultrasonic
receiver and transmitter pair that work at high frequencies which transmit sound waves of fixed amplitude and frequency and
measure the amount of reflectance observed. But one of the main drawbacks seen with a system using ultrasonic sensors would
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be a dedicated processing system, which is considerably more costly and also, the time taken for taking even a single reading
may be upwards of 30 to 45 seconds.

11l. PROPOSED METHOD

After having seen the old and implemented technologies and the current “newer technology” in dairy sciences, we came up with
a completely new method for measuring the milk parameters. And in this paper we put forward our proposed methodology for
such a milk testing instrument.

So, as far as we have seen, to calculate the quality of a milk sample we need at the least two variables in the form of the
specific gravity (as we have seen, also called the CLR) of the sample and its fat content. But the greatest problem that we would
face would be the actual measurement of the CLR of the sample, due to the above mentioned fact of unavailability of affordable
technology which can be used as a method. Rather than use a small improvement over a lactometer, like an “Auto-CLR”, which
does nothing in improving the accuracy of the system, we propose a completely new method of measuring liquid density.

To measure a physical quantity we must make use of one of the physical properties. All the previous methods use one of the
properties. Ultrasonic method used the reflectance of the sound, and oscillating U-tube used the measure of natural harmonic
oscillations of a body.

We plan to use a fairly unused property in measuring the density that is the gauge pressure created by a column of liquid.
Mathematically, we know that the pressure exerted by a column of fluid at a particular depth is dependent only on the depth of
the point, the density of liquid and the acceleration due to gravity (which is a constant).

Or,
P=HXxpxg

Since we already know that acceleration due to gravity is a constant, and if we can measure the pressure at a fixed depth of the
liquid, we can find the density of the liquid from the above equation by one simple calculation.

Once the density of the liquid is known the CLR can be directly calculated by dividing the density by the density of water.
This will give a direct specific gravity reading and will require no temperature corrections as done in lactometers and Auto-
CLRs.

The second variable to measure is the fat content. Since the existing method of the light based scattering analysis of samples is
both fast and accurate. And unlike Gerber method it will not use up the sample and it can be kept for further analysis without any
wastage. Here we plan to use a paired IR LED and a phototransistor as a module. The system would be set up with the receiver
and transmitter separated by a small distance inside the given sample. Fat molecules tend to specifically absorb certain bands of
IR radiation.

This is the proposed method in theory.

IVV. PROPOSED SYSTEM

The above theories may sound simple when the properties and quantities that are to be measured seem relatively simple and
straightforward. The practical realization of such a system will need some amount of thought behind it.

To measure the actual height of the liquid column presents another challenge, and would require some other method, which
makes the implementation of such a system prohibitive. So instead, we plan to measure the differential pressure generated at two
different depths of the same liquid column, and which slightly changes the equation to

P=(AH) X pXxg
Where the first term shows the difference in heights of two points.

Also, since the practical use of liquid pressure sensor is for measuring large pressures generated in systems like boilers and
other bulk process, and that range is useless to measure even some meters of column of liquids like milk let alone a couple of
inches of it. In terms or numbers, even smallest of the liquid pressure sensor measures the least amount of 1 bar of pressure,
which is too large for our use. The range that we will have to use will be close to one thousandth of that, which is on the millibar
scale. So we need to make use of alternatives to measure the pressure at the first place.

So to measure the density we consider the use of a low pressure gas sensor of the required range. Since the gas sensor can't be
given a direct liquid input, we would need a pressure transmitting system in form of a column of air immersed in the liquid to the
desired level. By application of the static pressure exerted by the liquid at the point, the column of air would act as a transmitter
and send the same pressure to the input of a gas pressure sensor.

If two such columns of air tubes are immersed with a fixed distance between their points then the pressure transmitted would
be a function of the distance between the ends of the tubes. Also, the use of a differential pressure sensor would cancel out any
common mode error accumulated due to the pressure transmitted in the tubes. So, we use differential gas pressure sensor for this
measurement.

Thus, the output of the differential gas pressure sensor would be a function of the difference in depths of the pressure reading
and the density of the liquid.

Such a specialized sensor allows for miniaturization with the sensitivity of the sensor being the only limiting function. Also,
the system should possess negligible delay, as all the measurements are done using analog bridge circuit with diaphragms.

All rights reserved by www.ijirst.org 105



Electro-Milktestera Novel Method for Analysis of Milk Quality
(1JIRST/ Volume 2 / Issue 04/ 013)

For the measurement of fat content in the sample, we propose the use of a module known as turbidity sensors that comes with
the particular arrangement of IR transmitters and receivers. Most of these turbidity sensors are calibrated to give a linear change
in output with change in turbidity of the sample. However the milk fat concentration is not the only factor behind the turbidity of
milk. So, we need to make our own model for converting the readings into the terms of fat content in the sample. Milk tends to
have a turbidity of around 4000 NTUs (Nephelometric Turbidity Units ), so we need a sensor that works in the given range of
values. The most suitable candidate being a water turbidity measuring system utilized in washing machines and other such
places.

This would however require a lot of experimental calculation of output for know values before a model can be made. The
model of such a system can be obtained by finding the interpolated equation that relates between the fat content and the output
observed at the sensor.

V. EXPERIMENT

For the purpose of testing the theory, an experimental test setup was made. The measuring device was made with the design
parameters for a selected sample range. For this case of a milk tester, the range of sample was selected to be between 3% to 0%
(w/v) of fat and a density of 1030 to 1000 kg/m*, which was the range of values for an average sample of cow's milk.

The device was made with a simple design and an easy to use interface. It uses a simple 3 button interface to make it as user-
friendly as possible.

The sensing elements were mounted on to a probe like structure. The probe ensures that the sensors are positioned correctly
inside the sample, as shown in figure 1.

/

v \
Fig. 1: Sensing probe.

A microcontroller is used to perform the calculations based on sensor readings. The readings are shown on a simple display.
Upon making a reading, the display would not only show the quality of the milk, but it will also fix the price rate on the
particular sample, see figure 2.

The measurements taken for the samples were the fat and the density values. After calculating the readings, the CLR and SNF
values were computed. The price was set according to the quality of the sample.

To check the precision and accuracy of the instrument, we took a set of readings. Know quality samples were used to take
readings and they were compared against the actual value. This was done making a scatter plot of all the data points. The reading
sets comprised of 20 readings of the same quality sample, and 7 different quality milk samples were taken overall.

The samples were made by volumetric dilution of a standard sample.
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Fig. 2: Readings display.
VI. RESULT

Based on the experiment defined in section V, the measurements are subdivided into fat and density readings.
The fat readings are shown, in figure 3, by the colored circles, which is superimposed on the sensor characteristic graph. Apart
from a few stray readings, the sensor values were closely bounded around the desired curve.

Similarly, the density sensor values were plotted onto the density sensor characteristic graph, as shown in figure 4. Here a
spread among the plot points is observed, but the plot points were centered around the characteristic curve, so the readings were
assumed to be sufficiently accurate.
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Fig. 3: Fat value readings.
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Fig. 4: density value readings.
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VII. DISCUSSION AND CONCLUSION

In this paper we have proposed a new method for measuring liquid density and also a method for measuring the amount of fat in
it. A device was setup based on this method for measuring the milk quality. The device was observed to have almost negligible
amount of delay for measuring and processing. Also, an experiment was conducted to test for the precision and accuracy in
measurements taken from this device.

Based on the readings taken, we have seen that the two sensors performed differently.

The fat measurement was found to be very accurate and precise within the range of sample values. However it was also very
susceptible to any small variation in the sample. Hence the sample must be consistent in its composition to get a correct reading.
This can be achieved by stirring or homogenizing with a nozzle, similar to ones seen in some older methods. A more suitable
setup would be needed to get the accuracy value of the sensor which also allows to keep the sensor clean.

The density sensor was seen to be very sensitive to small changes in density. When measurements were taken with fixed
environmental factors like temperature, the readings showed a lower precision than the fat measurement.

Overall, an accuracy of close to +3 kg/m3 was seen. This accuracy could be further improved by using a more sensitive
pressure sensor and by using specially made tubing to ensure that there is no leakage. Properly fitting tubes would considerably
remove much of this error; however, due to limited options with the tube size we were not able to do so.

Further work would be focused on improving the overall accuracy of the device. Also, effort could be made to make the
device more mobile and easy to use in field operation.

Since the power consumption was minimal, only design miniaturization would be necessary, without making any change in
the system. The body was made to be used as a table top instrument, however, with a better design the same could be converted
to a portable version, similar to a multimeter.

Additional features could also be implemented to make the usage more friendly and also to detect for any abnormal readings.
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