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ABSTRACT: Milk being nature’s ideal food for people of all ages is adulterated for huge profits in developing 
countries.Urea is added to milk to increase its SNF and nitrogen value. This paper describes the design of a low-cost, 
portable instrument using CO2 gas sensor technology to quantify and differentiate milk samples containing excess urea. 
Milk containing urea, in presence of urease enzyme hydrolyses urea to form ammonia and carbon dioxide. Carbon 
dioxide released which is in gaseous phase is sensed by a CO2 sensor.At suitable gain, its output voltage increases with 
rise in CO2 concentration. The voltage obtained is fed to signal conditioning circuit where the signal is compared with 
pre-defined threshold voltage.Based on results, presence of ureawithin the permissible rangeis indicated by 
corresponding LED. The developed module was tested for its static characteristics. An improvement in design over 
existing bulky modules was achieved. A portable, sturdy, non-fragile and affordable instrument was developed in order 
to cater to the needs of society to check for nutritional standards of milk consumed by every individual. 
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I.INTRODUCTION 
 

Milk comprises various nutrients essential for our balanced diet. It is considered as complete food and is consumed by 
people of all ages [9]. Due to its ever increasing demand, it has paved a way for adulteration with substandard materials 
to gain huge profits. Addition of water to milk was one of the easiest ways to achieve this goal. But with the latest 
instruments available to identify quality of milk, people are inclined towards alternative methods of adulteration and 
one such method is addition of urea. Urea available at low cost is added to milk to increase its shelf life and SNF value 
[11]. It is also added in manufacturing of synthetic milk to maintain SNF and MUN ratio value similar to that of 
traditional milk. Thus distinguishing milk samples as traditional or synthetic milk will be highly difficult by employing 
commonly available tests. Milk containing added urea is harmful for human beings as it results in cancer and kidney 
disorders [5][10]. Reports suggest that urea level beyond 70mg/100ml is harmful to human health [1]. Hence urea 
quantification using various types of biosensors has attained vital scope and diversity in the recent years and research is 
being carried out consistently. Section III of this paper deals with the method and design adopted to achieve portability, 
low cost and accurate instrument. The results obtained during the course of time are tabulated and conclusion is derived 
in Section IV and V respectively 

 
II.LITERATURE SURVEY 

 
Research is being carried for detection of urea in various fields.Development of electrodes for detection of urea in milk 
and hence determine coefficient of variation and response time was proposed by Laurinavicius. V, Razumiene. J., 
Gureviciene V. Potential difference was developed when ammonium ions move towards cathode during the chemical 
reaction; this indicates the amount of urea present. However, the electrode used was fragile[4] .Work on Enzyme based 
sensor for detection of urea in milk was carried out by E.F. Renny, D.K. Daniel, A.I. Krastanov, C.A. Zachariah, R. 
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Elizabeth. Piezo electric sensor was used to construct and detect urea in milk which measures the presence of gas, 
evolvedfrom sample. Linear behaviour was obtained from sensor for varying concentrations of urea in sample. Sensor 
gave satisfactory output for liquid to gas ratio of 1:2.5. Time response evaluated is 180s. At absorbance of 525nm, 
varying concentrations of urea were analysedfrom 0 to 0.1mg/ml. Milk samples with and without solid content were 
analysed and found that solid in milk will affect detection of urea[8]. L.J. Ni, L.G. Zhang, M.Y. Tang, Z.B. Xue 
proposed method to discriminate adulterated cow milk by improved ν-Support Vector Machines (ν-SVM) and NIR 
spectroscopy.Aqueous solution of dextrin containing pseudo particles were addedintentionally to different quantity of 
milk samples. To discriminate these different samples of adulterated milk based on NIR spectroscopy, improved ν-
Support Vector Machines was applied. The obtainedresults show that the adulterated milk samples containing 5% of 
adulteration solution or more can be well identified by improved ν-SVM combining NIR spectroscopy method. This 
method couldn’t distinguish pseudo protein which was to be further analysed to determine it [6]. 
 

III.METHODOLOGY 
 

 
CH2N2O          UREASE                NH3              +             CO2 

Urea                             Ammonia gas            Carbon dioxide 
 

Eqn 1. Hydrolyses of urea 
 
When urease is added to milk containing urea, it hydrolyses urea as ammonia gas and carbon di oxide gas as shown in 
Eqn 1. This carbon dioxide gas that is liberated is sensed by sensor. 
 

 
Fig 1. Block Diagram 

 
The block diagram in Fig 1 describes the overall flow of the system. The carbon dioxide sensor senses the presence of 
carbon dioxide gas liberated from milk sample (by addition of urease) and gives an appropriate voltage signal, which is 
amplified and fed to comparator circuit. The output signal drives the corresponding LED depending on the normal and 
harmful levels of urea present. 
Detection of carbon dioxide gas in the milk sample is achieved using MQ135 carbon dioxide gas sensor. This sensor 
produces a voltage which is insufficient to drive comparator circuit and hence requires amplification. This is achieved 
by IC LM324. LM324 consists of 4 op-amps which can be used as a comparator and also as an amplifier when negative 
feed-back is provided. AND gate and NOT gate IC’s are used for implementation of digital logic. LEDs are used to 
distinguish milk samples based on their normal or harmful level of urea content. 

 
IV.RESULTS 

 
Organic milk contains negligible amount of urea. In 32% of organic milk samples the content of urea was 29.6 mg kg-

1lower than the minimum limit 150 mg kg-1 [9]. Hence analysis of this sample can help in setting up a standard table 
foroutput voltagewith respect toquantity of urea being added. 
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Table 1. Experimental analysis of different amountsof urea for organic milk. 
 
 Table 1 consists of readings obtained from sensor for quantity of urea being added. Comparison of sensor output with 
expected voltage is also tabulated. Expected voltage values are obtained by 2-point calibration method. The readings 
were noted by adding urea in steps of 10 mg. 

 

 
 

Fig 2. Urea added (mg) vs. Voltage obtained (mV) for organic milk 
 

Fig 2 represents the graph for addition of urea quantity (mg) with respect to voltage obtained from sensor and expected 
voltage.It is clear that the sensor approximately follows an ideal response beyond 30mg of urea, making C02 gas sensor 
suitable for urea detection and quantification. The static characteristics of the sensor were calculated by considering the 
results tabulated in Table 1 and from graph as shown in Fig 2. 

 
 
 
 
 
 
 

Quantity of 
urea added in 

mg 

Output from 
sensor in V 

Expected 
Voltage(V) 

0 1.11 1.11 
10 1.133 1.126 
20 1.145 1.133 
30 1.152 1.14 
40 1.155 1.147 
50 1.158 1.154 
60 1.162 1.162 
70 1.168 1.169 
80 1.178 1.176 
90 1.183 1.183 
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Table 2. Numerical values of static characteristics of the instrument 
 

Sl. No. Static characteristics Definition/Formula Value obtained 

1. Sensitivity Change in output/ 
Change in input 
 

7.3mV/(10mg/10ml) 

2. Linearity 100-(Max deviation*100/ Full 
scale) 

±91.11 % 

3. Resolution Smallest observable change in 
output. 

0.001 V 

4. Max. Positive Error It is the maximum positive 
deviation from the expected 
value. 

1.06% 

5. Max. Negative Error It is the maximum negative 
deviation from the expected 
value. 

0 

6. Percentage Accuracy 100- Max. Positive error. ±98.1 % 

7. Range of accuracy Maximum range in which this 
instrument is sensitive. 

30-90 mg 

8. Span Difference of Minimum and 
Maximum of the scale. 

60 mg 

 
Table 2 gives the static characteristic values of the instrument.From Table 1 it can be observed that 1.168V corresponds 
to 70 mg of urea. As 70mg of urea in milk is the maximum permissible limit, the corresponding voltage 1.168V can be 
set as threshold voltage to distinguish normal and adulterated samples. 

 

 
Fig 3. Simulation in proteus 8 professional for normal level of urea present in milk 

 
Fig 3 shows the simulation in proteus 8 professional for normal level of urea present in milk. It can be clearly seen that 
green LED glows for voltage level below 1.168V.Here, V1 represents sensor output voltage. 
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Fig 4.Simulation in proteus 8 professional for harmful level of urea present in milk 
. 

Similarly, For urea content beyond 70 mg/100 ml in milk, the sensor voltage exceeds 1.168 V. This results in glow 
ofred LED  indicating harmful level of urea content in milk sample. This process is demonstrated by simulation in 
proteus 8 professional as shown in fig 4.   
 

 
 

Fig 5. Model of the developed prototype 
 

The final prototype of the instrument is as shown in Fig 5. It comprises of MQ135 sensor, test tube, stand, adaptor for 
power supply and LEDs. Digital multimeter is used to note down the voltage value at the pre signal conditioning stage. 
The objective of the designed prototype is to develop a portable, accurate, linear and sensitive device having good 
response time. From the results obtained, the above mentioned objectives were achieved. 

 
V. CONCLUSION 

 
A system for quantification of urea content in milk has been developed based on CO2 gas sensor technology. The 
amount of carbon dioxide gas released during reaction reflects the amount of urea present in milk. It is effective and 
doesn’t require any complicated chemical analysis or lab tests. It grades the milk samples as normal or harmful 
according to the amount of urea present, making it easier for end users to distinguish milk samples. An improvement in 
response time of 120 seconds was achieved. Miniaturised design with the use of customised hardware resultedin the 
development of a portable, on-site, easy to handle field instrument of dimensions, 18cmX 6cmX 5cm, weighing 
appx.350gm. Stable readings were obtained at normal atmospheric conditions viz., Temp-25 deg C, Humidity-65%, O2 
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concentration-21%.The designed instrument has linearity of 91.11 % in the range 30-90mg of urea with resolution of 
0.001 V. Sensitivity was found to be 7.3mV/ (10mg/10ml). An accuracy of 98.1% can be further increased through 
precise calibration.  
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