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ABSTRACT 
Milk adulteration has become an increasingly widespread issue, largely driven by the pursuit of higher profits. 
Like many food products, the problem escalates when demand surpasses supply. A significant and growing 
concern is the production of synthetic milk, particularly through the incorporation of synthetic fats. This study 
explores the formulation of synthetic fat using various ingredient combinations and ratios. It further reveals the 
limitations of conventional detection methods, such as the Gerber test and lactometer readings, in identifying this 
type of adulteration. Alternatively, the research demonstrates that pH and electrical conductivity serve as more 
reliable indicators for detecting the presence of synthetic fat in milk. 
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Food adulteration has become a growing concern 
across the globe. There are three primary reasons 
behind this issue. First, the imbalance between the 
demand and supply of food, largely due to limited 
natural resources, leads to a consistent shortage of 
certain food items. Second, the lack of simple, 
accessible household methods to detect adulteration 
makes it difficult for consumers to identify tampered 
food. Third, the motive to gain extra profit drives many 
to deliberately adulterate food, making it a common 
practice in many of the items we consume daily. 
To address this, the book “Quick Test for Some 
Adulterants in Food” (1) , published by the Food Safety 
and Standards Authority of India (FSSAI) in 2012, 
outlines numerous methods for detecting food 
adulteration. However, most of these methods are 
chemical-based, require specific skills to perform, and 
involve complex apparatus that demand trained 
personnel. As a result, these tests are often inaccessible 
to the average consumer. 

Milk, being a vital part of our daily diet, is frequently 
subjected to adulteration. One of the simplest and 
oldest techniques used to adulterate milk is the addition 
of water to increase its volume. To detect such 
adulteration, modern methods like the GERBER 
method (2) which calculates the percentage of fat, or 
the use of a lactometer to measure the specific gravity 
of milk, are commonly employed. However, both of 
this method can be fooled with different types of the 
adulterant. This paper enlightens how the both 
conventional methods can be misled using the 
synthetic fat. 
 TD-NMR spectroscopy (3) has been effectively 
applied to detect synthetic adulterants in milk, 
including synthetic fat. Studies showed that as the 
percentage of synthetic components increases, 
relaxation time constants rise, enabling clear 
identification of adulteration levels. Using various 
chemical methods (4), different components of 
synthetic milk such as urea, sugar, and neutralizers 
were successfully detected. These methods provide a 
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direct approach for identifying chemical adulterants in 
milk. Using the conduction method (5), synthetic fat 
adulteration in milk was examined by preparing 
samples with concentrations ranging from 0% to 100%. 
It was observed that as the proportion of synthetic fat 
increased, the conductance of milk consistently 
decreased. Other adulterants such as water (6) (7) (8) 
(9) (10) (11), urea (11) (12) (13), detergents (14) (15) 
(16), melamine (17) (18) (19), starch (13) (20), 
formalin (21) (16), sodium carbonate/bicarbonate (16) 
(22) (23) (24), etc., have been extensively studied, and 
a considerable body of research is available on their 
detection methods. In contrast, the detection of 
synthetic fat adulteration requires more focused 
investigation. Synthetic fat adulteration is particularly 
challenging because it is rarely introduced in isolation. 
It is usually accompanied by multiple additional 
adulterants, which makes its identification more 
complicated. Furthermore, a systematic study is needed 
to understand how variations in the ratio of oil to 
emulsifier influence the overall detection outcomes. 
In India the price of milk is generally been decided 
based on the %fat in the milk. As the %fat of milk value 
goes up, the price of that milk is more. Hence to earn 
more money, it is been practice to add the extra 
synthetic fat in the milk sample. The synthetic fat can 
be made using any type of vegetable oil and emulsifier 
(generally shampoo). The detailed process to make 
synthetic milk was discussed (4) (22). Synthetic milk 
closely resembles natural milk in appearance and 
texture. Vegetable oil is used to replicate milk fat, urea 
substitutes for the nitrogen content, and detergents are 
added to produce froth. 
Experimental setup: 
To explore the best counterfeit for natural milk fat, 
initially using different type of vegetable oils and 
emulsifier combination the synthetic fat was generated. 
The quantities of sugar, urea, water chestnut flour, and 
water were kept constant throughout the experiment. 
Only the proportion of synthetic fat was varied to 
prepare the synthetic milk. However, the type of 
synthetic fat and the amount of the synthetic fat were 
changed throughout the experiment.  The table.1 
displays the type of oil and Table.2 displays the 
emulsifier that are used. 
Table 1 Types of vegetable oils  

Vegetable oil 
Cottonseed oil  
Groundnut oil 
Sunflower oil 
Palm oil 

 

Table 2 Types of Emulsifiers  
Emulsifier 
Branded chemical-based shampoo 
Ayurvedic shampoo 
Branded Detergent 

 
Different combination of vegetable oil and 
emulsifier with constant ratio 
Primarily the ratio of oil to emulsifier was kept constant 
to make the synthetic fat for synthetic milk. The ratio 
was kept 100 ml oil 10 ml emulsifier, resulting ratio of 
10:1. Total 12 combinations were made. However, 
from the texture of the synthetic fat and to batter match 
the milk properties, the Ayurvedic shampoo provides 
better counterfeit. With the synthetic fat other 
adulterant like water, urea, starch, sweetener and 
neutralizers were used. The lactometer reading and the 
Gerber method reading were taken for all 12 samples. 
Table.3 shows the outcome of the Gerber method 
value, and lactometer reading. Along this the as non-
conventional method Electrical conductivity and pH 
was measured, to see whether these two methods can 
detect the synthetic milk adulteration. For both 
parameter handheld devices of HM digital company 
were used. For electrical conductivity measurement 
“COM-100” and for pH measurement “pH-80” model 
were used. 
Variation of ratio between vegetable oil and 
emulsifier for one combination 
Among the various types of oils examined, palm oil 
emerged as the most economical, making it the 
preferred choice for those aiming to maximize profit. 
Based on this insight, a more detailed set of 
experiments was conducted using palm oil and 
Ayurvedic shampoo. Different ratios of these two 
components were mixed to create synthetic fat, to 
which a fixed amount of water and other adulterants 
were added, forming synthetic milk. The resulting 
samples were then analyzed using the Gerber method, 
lactometer readings, electrical conductivity, and pH. 
The outcome of the experiments including %fat (from 
Gerber method), lactometer values, electrical 
conductivity, and pH for 10 different samples are 
summarized in Table 4. 
Table 3. Fat Analysis of counterfeit Milk Fat made 
using various proportion of vegetable oil and 
emulsifier 

S
r 
N
o. 

Veget
able 
oil 
type 

Emul
sifier 
type 

Ger
ber 
met
hod 
rea

Lacto
meter 
readi
ng 

Electri
cal 
Condu
ctivity 
(mS) 

p
H 
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din
g 

1 
Cotto
nseed 
oil  

Brand
ed 
chemi
cal-
based 
sham
poo 

6.5 36 2.24 
7
.
8 

2 
Grou
ndnut 
oil 

Brand
ed 
chemi
cal-
based 
sham
poo 

6.3 34 2.40 
7
.
7 

3 
Sunfl
ower 
oil 

Brand
ed 
chemi
cal-
based 
sham
poo 

6.7 37 2.16 
7
.
8 

4 
Palm 
oil 

Brand
ed 
chemi
cal-
based 
sham
poo 

6.5 35 2.21 
7
.
8 

5 
Cotto
nseed 
oil  

Ayur
vedic 
sham
poo 

6.8 38 2.09 
7
.
6 

6 
Grou
ndnut 
oil 

Ayur
vedic 
sham
poo 

6.5 36 2.16 
7
.
6 

7 
Sunfl
ower 
oil 

Ayur
vedic 
sham
poo 

6.8 38 2.14 
7
.
5 

8 
Palm 
oil 

Ayur
vedic 
sham
poo 

6.7 37 2.18 
7
.
6 

9 
Cotto
nseed 
oil  

Brand
ed 
Deter
gent 
liquid  

6.2 40 2.41 
7
.
9 

1
0 

Grou
ndnut 
oil 

Brand
ed 
Deter
gent 
liquid 

6.1 37 2.45 
7
.
9 

1
1 

Sunfl
ower 
oil 

Brand
ed 
Deter
gent 
liquid 

6.6 38 2.36 
7
.
9 

1
2 

Palm 
oil 

Brand
ed 
Deter
gent 
liquid 

6.4 39 2.40 8 

 
Table 4. Fat Analysis of counterfeit Milk Fat made 
using various proportion of vegetable oil and 
Ayurvedic Shampoo 

Sr 
N
o. 

Ratio 
of 
Palm 
Oil: 
Ayurve
dic 
Shamp
oo 

Gerb
er 
meth
od 
readi
ng 

Lactom
eter 
reading 

Electrica
l 
Conducti
vity (mS) 

p
H 

1 20:1 8.2 48 1.60 6.
5 

2 18:1 8.0 45 1.74 6.
8 

3 16:1 7.8 43 1.85 6.
9 

4 14:1 7.5 41 1.92 7.
1 

5 12:1 7.1 39 2.01 7.
4 

6 10:1 6.7 37 2.18 7.
6 

7 8:1 6.2 36 2.90 7.
9 

8 6:1 6.0 34 3.42 8.
1 

9 4:1 4.7 30 3.97 8.
5 

10 2:1 2.4 28 4.63 8.
8 

 
Result and Discussion 
It was observed that both the Gerber method and 
lactometer readings completely failed to detect the 
presence of synthetic milk. The first four synthetic milk 
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combinations appeared pale yellow in color. 
Interestingly, the sample prepared using Ayurvedic 
shampoo closely resembled real milk, making it 
difficult to distinguish visually. In contrast, the last four 
samples exhibited a bluish-white hue, which can be 
attributed to the coloration of the detergent liquid used. 
All samples showed electrical conductivity values 
ranging from 2 to 2.5 mS, which fall within the normal 
range for genuine milk. However, their pH levels were 
significantly elevated, between 7.5 and 8.0, primarily 
due to the emulsifiers present in synthetic milk. These 
values that are unusually high for any pure milk 
sample.  
It was observed that the oil component plays a major 
role in the fat percentage detected by the Gerber 
method. As the proportion of palm oil decreases, the 
measured fat percentage also declines accordingly. 
Additionally, it was noted that lactometer readings are 
influenced not only by the quantity of vegetable oil but 
also by the amount of emulsifier present in the 
synthetic milk. Although the readings generally 
decrease with a reduction in vegetable oil content, the 
emulsifier level significantly affects the density and 
thus the lactometer values. 
In the case of electrical conductivity, the readings 
appear to be more strongly affected by the amount of 
emulsifier rather than the oil content. As the quantity 
of emulsifier increases, the electrical conductivity rises 
rapidly. However, in all cases, it remained within the 
typical range observed for pure milk. Among all the 
parameters, pH proved to be the most reliable indicator 
for detecting synthetic milk. In 8 out of 10 samples, the 
pH value remained above 6.8, which is unusually high 
for natural milk. That said, it is important to note that 
pH can potentially be manipulated using neutralizers, 
which could make detection more difficult. 
Conclusion. 
In summary, the findings demonstrate that pH is the 
most promising indicator for detecting synthetic milk 
prepared using vegetable oil and emulsifier, offering 
greater reliability than traditional methods, though its 
effectiveness may be limited by the presence of 
neutralizing agents. It was also observed that an 
increase in oil content leads to higher Gerber method 
values and lactometer readings, while an increase in 
emulsifier content results in a rise in lactometer 
readings. Furthermore, Conductivity values increase as 
the ratio of oil to detergent comes closer to one. The 
rise is sharper when the amount of oil decreases and the 
emulsifier content increases. This highlights the 
importance of developing complementary or advanced 
detection techniques to ensure the authenticity and 

safety of milk in the face of increasingly sophisticated 
adulteration practices. 
Works Cited 
1. QUICK TEST FOR SOME ADULTERANTS IN 
FOOD. s.l. : Food Safety and Standards Authority of 
India, 2012. 
2. Institution, Indian Standards. Determination of FAT 
by the GERBER Method. New Delhi : FAD 19 dairy 
products and equipment, 1986. pp. 2-10. 
3. Detection and quantification of milk adulteration 
using time domain nuclear magnetic resonance (TD-
NMR). Santos, Poliana M., Pereira-Filho, Edenir R. 
and Colnago, Luiz A. s.l. : Elsevier Inc., 1 2016, 
Microchemical Journal, Vol. 124, pp. 15-19. 
0026265X. 
4. Mudgil, Deepak, et al. Synthetic milk: A threat to 
Indian dairy industry. s.l. : Carpathian Journal of Food 
Science and Technology, 2013. pp. 64-68. Vol. 5. 
5. Determining the adulteration of natural milk with 
synthetic milk using ac conductance measurement. 
Sadat, Anwar, Mustajab, Pervez and Khan, Iqbal A. 3, 
2006, Journal of Food Engineering, Vol. 77, pp. 472-
477. 0260-8774. 
6. Ultrasonic Sensing System for detecting water 
adulteration in milk. Aditya Dave, et al. 2016, IEEE 
Region 10 Conference (TENCON), pp. 2228-2231. 
9781509025978. 
7. Milk Adulteration Detection for Added Water by 
Conductivity. Dave, Jaimin and Bhatt, Chetan. 6, 2022, 
International Journal of Food and Nutritional Sciences, 
Vol. 11, pp. 150-155. 
8. Optical sensing system for detecting water 
adulteration in milk. Dave, Aditya, et al. s.l. : Institute 
of Electrical and Electronics Engineers Inc., 2016, 
GHTC 2016 - IEEE Global Humanitarian Technology 
Conference: Technology for the Benefit of Humanity, 
Conference Proceedings, pp. 634-639. 
9781509024322. 
9. A novel technique for the detection of added water 
to full fat milk using single frequency admittance 
measurements. Mabrook, M. F. and Petty, M. C. 1-2, 
11 2003, Sensors and Actuators, B: Chemical, Vol. 96, 
pp. 215-218. 09254005. 
10. Freezing point osmometry of milk to determine the 
additional water content - An issue in general quality 
control and German food regulation. Büttel, Britta, 
Fuchs, Markus and Holz, Birger. 1, 2008, Chemistry 
Central Journal, Vol. 2. 1752153X. 
11. Dielectric behavior of adulterated milk with urea 
and water. Zhao, Kongshuang, Liu, Yuan and Zhang, 
Qi. s.l. : Elsevier B.V., 1 2019, Journal of Molecular 
Liquids, Vol. 273, pp. 37-44. 01677322. 



Detailed analysis of synthetic fat in synthetic milk with conductivity and pH 

IJDDT, Volume 16 Issue 22s, 2026 Page 67 

 

12. Potentiometric biosensor for urea determination in 
milk. Trivedi, U. B., et al. 1, 6 2009, Sensors and 
Actuators, B: Chemical, Vol. 140, pp. 260-266. 
09254005. 
13. Electrical impedance Sensor for Real-Time 
Detection of Urea and Starch in Milk. Sude, Mohini 
and Ghodinde, Ketaki. 2019, Third International 
Conference on Trends in Electronics and Informatics, 
pp. 431-434. 9781538694398. 
14. Detergent and Soaps Adulteration Detection in the 
Milk Using Artificial Embedded Sensors. Rajashekhar, 
B, S and Kusagur, Ashok. 2, 2018, International 
Journal of Engineering & Technology, Vol. 7, pp. 
1022-1024. 
15. A simple method for detection of anionic detergents 
in milk using unmodified gold nanoparticles. Kumar, 
Pardeep, et al. s.l. : Elsevier B.V., 10 2016, Sensors and 
Actuators, B: Chemical, Vol. 233, pp. 157-161. 
09254005. 
16. Limit of Detection for Five Common Adulterants in 
Milk: A Study with Different Fat Percent. Chakraborty, 
Moupali and Biswas, Karabi. 6, s.l. : Institute of 
Electrical and Electronics Engineers Inc., 3 2018, IEEE 
Sensors Journal, Vol. 18, pp. 2395-2403. 1530437X. 
17. Screening melamine adulterant in milk powder with 
laser Raman spectrometry. Cheng, Yan, et al. 2, 3 
2010, Journal of Food Composition and Analysis, Vol. 
23, pp. 199-202. 08891575. 
18. Detection of melamine adulteration in milk by 
near-infrared spectroscopy and one-class partial least 
squares. Chen, Hui, et al. s.l. : Elsevier B.V., 2 2017, 
Spectrochimica Acta - Part A: Molecular and 
Biomolecular Spectroscopy, Vol. 173, pp. 832-836. 
13861425. 
19. Qualitative and quantitative analysis of milk for the 
detection of adulteration by Laser Induced Breakdown 
Spectroscopy (LIBS). Moncayo, S., et al. s.l. : Elsevier 
Ltd, 10 2017, Food Chemistry, Vol. 232, pp. 322-328. 
18737072. 
20. Detection of several common adulterants in raw 
milk by MID-infrared spectroscopy and one-class and 
multi-class multivariate strategies. Gondim, Carina de 
Souza, et al. s.l. : Elsevier Ltd, 9 2017, Food 
Chemistry, Vol. 230, pp. 68-75. 18737072. 
21. Milk adulterant detection: Conventional and 
biosensor based approaches: A review. Nagraik, 
Rupak, et al. s.l. : Elsevier B.V., 8 2021, Sensing and 
Bio-Sensing Research, Vol. 33. 22141804. 
22. An approach to the detection of synthetic milk in 
dairy milk: 3. Detection of vegetable oil and sodium 
bicarbonate. Paradkar, Manish M, Singhal, Rekha S 

and Kulkarni, Pushpa R. 1, 2 2001, International 
Journal of Dairy Technology, Vol. 54. 
23. Adulteration identification in raw milk using 
Fourier transform infrared spectroscopy. Coitinho, 
Tatiane Barbosa, et al. 8, s.l. : Springer India, 7 2017, 
Journal of Food Science and Technology, Vol. 54, pp. 
2394-2402. 09758402. 
24. Development and Optimization of an Alternative 
Methodology for Detection of Milk Adulteration by 
Water. William, Wesley, et al. 2013, Journal of Food 
Science and Engineering, Vol. 3, pp. 363-370. 
 
 


