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Abstract - The quality assessment of raw milk before purchasing from local dairy farmers at raw milk collection points is an
important factor that affects the pricing of raw milk. The objective of this research is to study the electrical properties and
analyse the relationships between electrical capacitance, resistance, frequency, and the water content in raw milk that affect
the perception of 2-Sides interdigital capacitor sensors (2s-1Cs). The research data was collected by examining the water
content in raw milk samples with varying concentrations from 0% to 50%. Each sample of 150 cc. was placed in a 300 cc.
glass container, and the water concentration was increased by 5% increments until the total volume reached 300 cc. The
research results are as follows: The analysis of electrical properties based on the water content in raw milk using 2s-1Cs
revealed that at every percentage level of water content, there is a significant impact on the electrical capacitance. 2s-ICs,
specifically the a3b6L15 model, measured the electrical capacitance of 22.23 pF with a confidence level (R2) of 0.9788. The

rate of increase in electrical capacitance per 1% water content was found to be 41.12 pF.

Keywords - 2-Sides Interdigital Capacitor Sensor, Level sensor, Water added in raw milk.

1. Introduction

The water added to raw milk can indeed pose a challenge
in the quality control process of milk production, making it
difficult to conduct accurate assessments and evaluations of
the final milk product. Ensuring the quality of raw milk is a
pivotal concern in the dairy industry, as it directly impacts the
pricing and acceptability of the product. One of the prevalent
issues in this sector is the water added to raw milk.
Traditional techniques for detecting this adulteration, such as
lactometers, rely on measuring specific gravity and
subsequent calculations to ascertain the adulteration
percentage. However, these methods are not instantaneous
and require considerable time [1-4].

Advanced methods like cryoscopy, ultrasonic reflection,
and infrared wave transmission have been introduced to
address these limitations. Cryoscopy assesses milk's freezing
point, which changes with water adulteration. Ultrasonic
reflection and infrared wave transmission techniques are
based on the alterations in wave properties when they pass
through adulterated milk. Despite their speed and accuracy,
these techniques are not widely used due to their high cost
and operational complexity [5-8].

Recent efforts have focused on developing and testing
digital interfacial tools to measure the electrical properties of

adulterated raw milk. However, these tools have yet to
achieve the necessary precision and accuracy for real-world
applications [9-15]. A clear research gap exists in developing
an affordable, accurate, and user-friendly method for
detecting water added to raw milk at collection points.
Specifically, the potential of interdigital capacitor sensors for
this purpose remains largely unexplored [16]. This study
aims to fill the gap by investigating the correlation between
the water added to raw milk and its electrical properties using
an interdigital capacitor sensor.

This research uses a two-sided digital sensor [17-18] to
measure the electrical properties of water added to raw milk
at different changes in water quantity. The findings from this
study will contribute to developing a practical tool for
detecting water added to raw milk, thereby ensuring milk
quality and fair pricing in the dairy industry.

2. Theory and Principles

2-side Interdigital Capacitor Sensors (2s-1Cs) are multi-
fingered printed circuit structures, as shown in Figure 1. They
operate on the principle of changing capacitance between
fingers when the dielectric adheres to the finger’s changes.
The dielectric will change accordingly when the level of the
dielectric changes.
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Fig. 1 Structure and parameter of 2s-1Cs

The 2s-ICs have a multi-finger structure with regular
intervals. Small capacitors are formed in the small gaps
between conductors. These values can be increased by
increasing the number of fingers or using thin layers of high-
dielectric materials, such as ferroelectric, between the
conductor and the substrate. The arrangement of conductive
sheets in a horizontal plane, rather than in parallel, by
alternating between positive and negative pole fingers, is
similar to connecting capacitors in parallel. This results in a
high capacitance value, which is easy to measure, and due to
its single-piece structure, it can be produced using common
printed circuit boards (FR4).

Cas-ics= 2Cpu(N-1)L (1)
Cpy = C1+Co+C3 (2)
Cry = & (81283) k + 50522 3
a 2
K J1-(%
When k= ( k(g()b) )+§ (4)
b

Starting from finding the Cpy value in Equation 1, which
is related to Equations 2 and 3, the components include &o,
the permittivity of free space, with a value of 8.854x10—12
F/m. €; is the relative permittivity of the raw milk. & is the
relative permittivity of the material between the copper
electrodes, which is the same value as €1, and &3 is the relative
permittivity of the base material. k is the function of the
elliptic integrals of the modulus 1% order in Equations 4, with
'a’ being the distance of the fingers and 'b* being the width of
the electrodes.

Next is to find the total charge storage of the liquid level
sensor. The interdigital charge storage in Equation 1 consists
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of L, the length of the fingers, and N, which is the number of
fingers per side.

3. Experimental Setup

The equipment used in this research includes an
electrical impedance, capacitance, and resistance measuring
device (LCR Meter) and 2s-ICs. The LCR Meter, model
E4980AL by KEYSIGHT, was used to measure electrical
capacitance

The design and construction of the 2s-ICs for this
research involved 9 configurations (Table 1), with variations
in the width of the conductive plate (a) and the distance
between the conductive plates (b).

For example, sensor 1, with alb2L5, means that the
interdigital capacitor has a length of the conductive plate (L)
equal to 5 mm, a width of the conductive plate (a) equal to 1
mm, and a distance between the conductive plates (b) equal
to 2 mm.

A single-sided print plate of FR-4, a conductor thickness
(t) = 0.35 pm, a base material dielectric constant g3= 4.3, and
milk add water (&1, €2) dielectric constants of 80 and 68 at
room temperature were used.

The 2s-ICs used in this study rely on electrical
properties. When placed in a dielectric, the electric field
created by the charged conductive plates causes an increase
in the capacitance value between the plates, according to the
dielectric properties. Different materials have different
dielectric values. Using 2s-1Cs to measure water added to raw
milk involves measuring the capacitance values between two
dielectric materials - water and milk. As water has a higher
dielectric constant than milk, the presence of water in raw
milk leads to an increase in capacitance value.
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Table 1. The dimensions and codes used for 2s-1Cs size

Model 1 2 3 4 5 6 7 8 9
a (mm) 1 1 1 2 2 2 3 3 3
b (mm) 2 2 2 4 4 4 6 6 6
L (mm) 5 10 15 5 10 15 5 10 15
Code alb2L5 | alb2L10 | alb2L15 | a2b4L5 | a2b4L10 | a2b4L15 | a3b6L5 | a3b6L10 | a3b6L15
Table 2. Electrical capacitance of 2s-1Cs at 1 kHz frequency
25-1Cs Type Wz(l;:)r mixes in raw milk 5((1)((;) SF) Transfi; _E;;Ction -
alb2L5 1.08 5.60 y=9.3513x + 0.9401 0.9745
alb2L10 0.57 3.30 y =5.8764x + 0.2338 0.9442
alb2L15 0.68 4.11 y=7.2861x + 0.3303 0.9353
a2b4l5 241 591 y=6.9727x +2.3471 0.9887
a2b4L10 4.11 8.11 y=9.0218x + 3.5603 0.9774
a2b4lL.15 4.10 8.60 y =8.3055x +4.323 0.9605
a3boL5 0.66 5.98 y =11.435x +0.4784 0.9877
a3boL10 1.10 13.10 y =25.002x + 0.2227 0.9897
a3boL15 1.22 22.23 y=41.124x +2.2373 0.9788

Fig. 2 Measuring the electrical capacity of raw milk using a 2s-1Cs

This research was conducted using a data collection tool
that enabled the study of the water added to raw milk across
a range of concentrations from 0 to 50%. A 150 cc raw milk
sample was placed in a 300 cc measuring jug for each
iteration. The pure water was increased by 5% in each trial
and stirred up until the water volume reached 300 cc.

This setup was used to measure the electrical capacity.
Each trial was repeated three times to ensure the reliability of
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the results. The exact procedure can be seen in Figure 2. Each
trial's added water volume was in the same condition to
achieve the desired water volume.

The experiment was conducted by altering the sensor
configuration of the 2s-1Cs according to Table 1. Each sensor
configuration was tested independently, resulting in a total of
9 models set up. The data collected from these 9
configurations will be further subjected to statistical analysis.

4. Results and Discussion

The experiment aimed to determine the electrical
capacitance of the 2s-1Cs across three different groups with
varying dimensions. The test was conducted at frequency
ranges of 1 kHz. Each group consisted of three sensors, with
width sizes of 1 mm, 2 mm, and 3 mm and lengths (L) of 5
mm, 10 mm, and 15 mm, respectively. A total of nine tests
were performed, starting with a raw milk volume of 150 cc
and gradually adding water in 5% increments up to 50% of
the total volume. The obtained results for each combination
of size and length are summarized in Table 2.

The electrical capacitance values of the 2s-1Cs were
tested at a frequency of 1kHz, with a width (diameter) of
1mm and varying lengths (L) of 5mm, 10mm, and 15mm, in
response to different water content levels in raw milk. The
results are as follows :
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Fig. 3 Electrical capacitance of 2s-ICs model alb2L5, alb2L.10 and
alb2L15

The results from Fig. 3 test alb1L5: The sensor showed
the lowest electrical capacitance of 1.08 pF in raw milk
without added water (0%). As the water content increased to
50%, the capacitance significantly rose to 5.60 pF. The
corresponding transfer function was y = 9.3513x + 0.9401,
with a high Rz = 0.9745, indicating a strong linear
relationship between water content and capacitance. Test
alblL.10: In raw milk without added water (0%), the sensor
exhibited a minimal capacitance value of 0.57 pF. When the
water content was increased to 50%, the capacitance rose to
3.30 pF. The transfer function derived from this data wasy =
5.8764x + 0.2338, with R2 = 0.9442, denoting a robust linear
relationship between water content and capacitance. Test
albl1L15: The sensor displayed the lowest capacitance at 0.68
MF when immersed in raw milk without any additional water
(0%). As the water content was increased to 50%, the
capacitance reached 4.11 pF. The transfer function for this
case was y = 7.2861x + 0.3303, with Rz = 0.9353, indicating
a strong linear correlation between water content and
capacitance.
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Fig. 4 Electrical capacitance of 2s-1Cs model a2b4L5, a2b4L.10 and
a2b4L.15
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Similarly, the results from Fig. 4 test a2b2L5: The sensor
demonstrated the minimum capacitance of 2.41 pF in raw
milk without any added water (0%). With an increase in water
content to 50%, the capacitance peaked at 5.90 pF. The
transfer function was y = 6.9727x + 2.3471 and R? = 0.9887,
indicating a strong linear relationship between water content
and capacitance. Test a2b2L.10: In raw milk without added
water (0%), the sensor's minimum capacitance value was
4.11 pF, while it reached a maximum of 8.11 pF at 50% water
content. The corresponding transfer function was y = 8.7006x
+ 3.8752, with R2 = 0.9461, showcasing a reliable linear
relationship between water content and capacitance. Test
a2b2L15: The sensor's lowest capacitance in raw milk
without additional water (0%) was 4.10 pF. As the water
content was increased to 50%, the capacitance peaked at 8.60
MF. The transfer function was y = 8.3055x + 4.3236, with R?
=0.9605, signifying a strong linear correlation between water
content and capacitance.

Furthermore, the results from Fig. 5 Test a3b3L5: The
sensor's minimum capacitance in raw milk without added
water (0%) was 0.66 WF, which increased to 5.98 pF at 50%
water content. The transfer function was y = 11.435x +
0.4784, with Rz = 0.9877, indicating a strong linear
relationship between water content and capacitance. Test
a3b3L10: In raw milk without added water (0%), the sensor's
minimum capacitance value was 1.10 puF. With a rise in water
content to 50%, the capacitance reached a maximum of 13.10
MUF. The corresponding transfer function was y = 25.002x +
0.2227 and R? = 0.9897, showcasing a reliable linear
relationship between water content and capacitance. Test
a3b3L15: The sensor's minimum capacitance in raw milk
without additional water (0%) was 1.22 uF. As the water
content was increased to 50%, the capacitance peaked at
22.23 WUF. The transfer function was y = 41.124x + 2.2373,
with R? = 0.9788, signifying a strong linear correlation
between water content and capacitance.
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The results indicate that 2s-ICs exhibit a significant
correlation between capacitance and water content in raw
milk. This suggests its potential application as an efficient
and accurate water content detector in various milk
processing and quality control scenarios. Further research
and optimization can be carried out to enhance its
performance and versatility in practical applications.

5. Conclusion

In conclusion, our study confirms the result that 2s-1Cs
exhibit a strong linear relationship between water content
increase and capacitance [17]. The correlation coefficients
(R?) obtained validate its reliability and sensitivity to changes
in water content in raw milk [16]. There is a significant
impact on the electrical capacitance. 2s-1Cs, specifically the

to measure the electrical capacitance of 22.23 pF with a
correlation coefficient (R?) of 0.9788, signifying a strong
linear correlation between water content and capacitance.
The rate of increase in electrical capacitance per 1% water
content was found to be 41.12 pF. This sensor shows
promising potential for accurate and cost-effective water
content detection in the dairy industry, enabling better quality
control and process optimization. Further research can refine
its design and explore diverse applications to enhance its
performance and impact.

Acknowledgments

The authors would like to thank the faculty of
Engineering at Mahasarakham University Thailand for
supporting this research.

a3b6L.15 model, at a measuring frequency of 1 kHz, was able

References

[1] Robert Jenness, and Stuart Patton, Principles of Dairy Chemistry, Journal of Chemical Education, 1960. [CrossRef] [Google Scholar]
[Publisher Link]

[2] W.M.N. Ratnayake, and Z.Y. Chen, “Trans, n-3, and n-6 Fatty Acids in Canadian Human Milk,” Lipids, vol. 31, pp. S279-S282, 1996.
[CrossRef] [Google Scholar] [Publisher Link]

[3] P.F.Foxetal., Dairy Chemistry and Biochemistry, Springer Science and Business Media, 1998. [CrossRef] [Google Scholar] [Publisher
Link]

[4] W. Horwitz, “Nomenclature for Sampling in Analytical Chemistry,” Pure and Applied Chemistry, vol. 6, n0.162, pp. 1193-1208, 1990.
[CrossRef] [Google Scholar] [Publisher Link]

[5] U. Takatoshi, “Method of Apparatus for Measuring Freezing Point Depression using Ultrasonic Wave,” European Patent Accession no.
JP55042048, 1980.

[6] S.Mohanan et al., “A New Ultrasonic Method to Detect Chemical Additives in Branded Milk,” Pramana, vol.159, pp. 525-529, 2002.
[CrossRef] [Google Scholar] [Publisher Link]

[7] Lucas de Souza Ribeiro et al., “Development of a Hardware Platform for Detection,” IEEE Transactions on Instrumentation and
Measurement, vol. 65, no. 7, pp. 1698-1706, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[8] Brajesh Kumar, G. Rajita, and Nirupama Manda, “A Review on Capacitive-Type Sensor for Measurement of Height of Liquid Level,”
Measurement and Control, vol. 47, no. 17, pp. 219-224, 2014. [CrossRef] [Google Scholar] [Publisher Link]

[9] Luz M. Alonso V., and Arturo Minor M., “Design and Construction of a System for Measuring the Concentration of Water in Milk,”
Electronics, Robotics and Automotive Mechanics Conference, pp. 47-51, 2006. [CrossRef] [Google Scholar] [Publisher Link]

[10] Mauricio Moreira et al., “A Low-Cost NIR Digital Photometer Based on InGaAs Sensors for the Detection of Milk Adulterations with
Water,” IEEE Sensors Journal, vol. 16, no. 10, pp. 3653-3663, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[11] Dinku Worku et al., “Detection of Adulteration in Milk using Capacitor Sensor with Especially Focusing on Electrical Properties of the
Milk,” Engineering Proceedings, vol. 4, pp. 1-10, 2020. [Google Scholar] [Publisher Link]

[12] Ketaki Ghodinde, Uttam Chaskar, and Lokesh Supalkar, “Electrochemical Impedance Spectroscopy based Sensor System for Detection
of Detergents in Cow Milk,” 3 International Conference for Emerging Technology, pp. 1-6, 2022. [CrossRef] [Google Scholar]
[Publisher Link]

[13] N. Angkawisittpan, and T. Manasri, “Determination of Sugar Content in Sugar Solutions using Interdigital Capacitor Sensor,”
Measurement Science Review, vol. 12, no.11, p. 8-13, 2012. [CrossRef] [Google Scholar] [Publisher Link]

[14] A.V. Mamishev et al., “Interdigital Sensors and Transducers,” Proceedings of the IEEE, vol. 92, no. 5, pp. 808-845, 2004. [CrossRef]
[Google Scholar] [Publisher Link]

[15] S.C. Mukhopadhyay et al., “Low Cost Sensing System for Dairy Products Quality Monitoring,” IEEE Instrumentation and Measurement
Technology Conference Proceedings, pp. 244-249, 2005. [CrossRef] [Google Scholar] [Publisher Link]

[16] Songgrod Phimphisan, and Worawat Sa-ngiamviboo, “Determination of Water added in Raw Milk using Interdigital Capacitor Sensor,”
Electrotechnical Review, vol. 91, no. 9, pp. 265-267, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[17] Sarawoot Boonkirdram, and Worawat Sa-Ngiamvibool, “A Novel Planar Interdigital Capacitor Level Sensor,” Electrotechnical
Inspection, vol. 91, pp. 91-95, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[18] Jagraphon Obma, and Worawat Sa-Ngiamvibool, “The Non-Substrate Interdigital Capacitor Level Sensor,” Electrotechnical Review,
vol. 96, no. 9, pp. 34-37, 2020. [CrossRef] [Google Scholar] [Publisher Link]

39


https://doi.org/10.1021/ed037p274.4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Principles+of+dairy+chemistry&btnG=
https://pubs.acs.org/doi/10.1021/ed037p274.4
https://doi.org/10.1007/BF02637091
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trans%2C+n-3%2C+and+n-6+fatty+acids+in+Canadian+human+milk&btnG=
https://link.springer.com/article/10.1007/BF02637091
https://doi.org/10.1007/978-3-319-14892-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dairy+Chemistry+and+Biochemistry&btnG=
https://link.springer.com/book/10.1007/978-3-319-14892-2
https://link.springer.com/book/10.1007/978-3-319-14892-2
https://doi.org/10.1351/pac199062061193
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nomenclature+for+sampling+in+analytical+chemistry&btnG=
https://www.degruyter.com/document/doi/10.1351/pac199062061193/html
https://doi.org/10.1007/s12043-002-0049-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+ultrasonic+method+to+detect+chemical+additives+in+branded+milk&btnG=
https://link.springer.com/article/10.1007/s12043-002-0049-9
https://doi.org/10.1109/TIM.2016.2540946
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+a+Hardware+Platform+for+Detection&btnG=
https://ieeexplore.ieee.org/abstract/document/7442099
https://doi.org/10.1177/0020294014546943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+capacitive-type+sensor+for+measurement+of+height+of+liquid+level&btnG=
https://journals.sagepub.com/doi/pdf/10.1177/0020294014546943
https://doi.org/10.1109/CERMA.2006.33
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+and+Construction+of+a+System+for+Measuring+the+Concentration+of+Water+in+Milk&btnG=
https://ieeexplore.ieee.org/abstract/document/4019769
https://doi.org/10.1109/JSEN.2016.2530873
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Low-Cost+NIR+Digital+Photometer+Based+on+InGaAs+Sensors+for+the+Detection+of+Milk+Adulterations+with+Water&btnG=
https://ieeexplore.ieee.org/abstract/document/7409939
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Detection+of+Adulteration+in+milk+using+capacitor+sensor+with+especially+focusing+on+Electrical+properties+of+the+milk&btnG=
https://www.researchgate.net/profile/Parmod-Kumar-5/publication/346715626_Detection_of_Adulteration_in_milk_using_capacitor_sensor_with_especially_focusing_on_Electrical_properties_of_the_milk/links/635013a896e83c26eb3791b8/Detection-of-Adulteration-in-milk-using-capacitor-sensor-with-especially-focusing-on-Electrical-properties-of-the-milk.pdf
https://doi.org/10.1109/INCET54531.2022.9824004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Electrochemical+Impedance+Spectroscopy+based+Sensor+System+for+Detection+of+Detergents+in+Cow+Milk&btnG=
https://ieeexplore.ieee.org/abstract/document/9824004
https://doi.org/10.2478/v10048-012-0002-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+sugar+content+in+sugar+solutions+using+interdigital+capacitor+sensor&btnG=
https://sciendo.com/es/article/10.2478/v10048-012-0002-0
https://doi.org/10.1109/JPROC.2004.826603
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Interdigital+sensors+and+transducers&btnG=
https://ieeexplore.ieee.org/abstract/document/1288505
https://doi.org/10.1109/IMTC.2005.1604109
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Low+cost+sensing+system+for+dairy+products+quality+monitoring&btnG=
https://ieeexplore.ieee.org/abstract/document/1604109
https://doi.org/10.15199/48.2015.09.65
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+Water+added+in+Raw+Milk+using+Interdigital+Capacitor+Sensor&btnG=
https://sigma-not.pl/publikacja-93289-2015-9.html
https://doi.org/10.15199/48.2015.08.23
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Novel+Planar+Interdigital+Capacitor+Level+Sensor&btnG=
https://sigma-not.pl/publikacja-92793-2015-8.html
https://doi.org/10.15199/48.2020.09.07
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Non-Substrate+Interdigital+Capacitor+Level+Sensor&btnG=
https://sigma-not.pl/publikacja-127801-2020-9.html

