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ARTICLE INFO ABSTRACT
Article type: Background: Milk is one of the most widely consumed foods, but the
Research Article failure to detect its counterfeiting by existing devices has created a

serious challenge for the dairy industry. Among the counterfeiting of
milk, the addition of water, salt, and powdered ingredients can be
mentioned, and to detect it, several characteristics of milk must be
monitored.

Aims: the aim of this research was to measure the electrical and optical
resistance of milk simultaneously and showed that this method can
detect combined adulteration of milk.

Methods: A proposed system was developed which includes a sensor
Keywords: and processor unit. In this device; by passing a direct current through
Detection of Milk the milk, charged suspended materials were absorbed on the surface of
adulteration, Simultaneous | the electrodes and caused the dilution of the milk. In the sensor unit
measurement, Electrical and = tWo sensors, a conductivity meter and a photocell were used. These
Optical Resistance. sensors through measuring the electrical and optical resistance of the

milk simultaneously, showed the purity or adulteration of the milk
based on the voltage of the sensors. A factorial design was used to
process the data. The treatments were excess water, excess brine, 70%
skimmed milk, 70% skimmed milk with water and excess brine. The
volume of additives was 5, 10, 20, 30 and 40% of the sample volume.
Results: The results showed that changes in electrode and photocell
voltages were significant (P<0.05) in all treatments, and the data
correlation coefficient was more than 0.95.

Conclusion: It seems that by measuring the electrical and optical
resistance of milk simultaneously, it is possible to detect combined
adulterations of milk.
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Extended Abstract

Introduction: Milk is considered one of the
most essential and most consumed food items
due to its constituent elements. Today, the
failure to recognize adulterated milk by
existing devices; has caused the dairy products
industry to face a serious challenge. The
methods of measuring the quality and
adulteration of milk have been specified
according to the standards and many tools and
devices have been made based on its physical,
chemical and electrical characteristics. Of
course, the quality of milk is also measured by
methods such as Soxele, Dernik and Gerber,
but these methods are laboratory and require
their materials and equipment, and are beyond
the scope of non-professional milk industry
activists. this research hypothesizes that any
quantitative and qualitative manipulation of
milk causes a change in the concentration of
milk, the amount of ions per unit volume of
milk, or both of them, which is an obvious
thing. With this assumption, a device that can
monitor  these  two  parameters  at
Simultaneously in the milk, will be able to
detect common milk adulteration with high
accuracy. Using the electric conductivity of
milk with alternating current in detecting some
frauds and pollution; has become more
common, but the use of direct current is not
allowed due to the polarization of the
electrodes and the hydrolysis of the milk.
Meanwhile, when direct current passes
through the tap, a thin layer of charged
suspended material is absorbed and deposited
on the surface of the electrodes. This process
dilutes the concentration of milk and can be
used to measure its adulteration by using the
optical properties of milk.

Material and methods: In this research, the
proposed system was built and after pouring
the prepared sample into the glass, the lid was
placed on the glass. By pressing the start
button, the electric current was established in
the electrodes, lamp and photocell, and after
one minute, the voltage of the electrode and
photocell was measured, and the voltage
values were displayed by LCD, and the data in
the worksheet was registered. A completely

randomized design was used to analyze the
data, and the independent factors were pure
milk, 70% skimmed milk, milk with the
addition of water and the addition of salt water,
skimmed milk with the addition of water and
the addition of salt water. The response factors
were the voltages of the photocell and the
electrodes sensors. The experiment was
repeated three times. In this research,
regression equations were used to code the
device program. This system has two
measuring parts and a display, which
measuring part includes milk glass, probe,
electrodes, photocell sensor and LED lamp.

Results and discussion: The results showed
that the addition of any adulteration materials
to milk causes a change in milk concentration
or ion density per unit volume of milk,
therefore, simultaneous monitoring of these
two parameters can be effective in detecting
milk adulteration. The addition of water to the
milk diluted the concentration of the milk and
decreased the ion density per unit volume, so
the electrode voltage decreased and the
photocell voltage increased. In skimmed milk,
with the removal of fat globules from the milk,
the concentration of the milk was diluted, but
the ion density per unit volume of the milk
increased, therefore the voltage of both the
electrode and the photocell increased. In the
combination of these two adulterations, this
situation, caused a double increase in the
photocell voltage and a slight change in the
electrodes voltage compared to the normal
state of the milk. Adding salt water to the milk
did not have much effect on the photocell
voltage, but its impact on the electrode voltage
was noticeable.

Conclusion: Simultaneous measurement of
several properties of milk is a new method to
detect combined milk adulteration. In this
research, the electrical and optical properties
of the milk were monitored simultaneously.
The results showed that the voltage changes of
the photocell sensor and the electrode sensor
can detect the combined adulteration of the
milk.
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Figure 1- the scheme of the proposed system (A-
measurment unit 1-photocell sensor 2- led lamp 3-
electrod plates 4- plastic cup B-processing and
display unit)

Figure 2- The simulated circuit of the proposed
system with Proteus software
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Table 1- Properties of Dependent Test Factors
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Factor Name Response Name Obs  Min Max  Mean
A- Pure milk R1 —Electrodes Voltage 3 2.98 2.98 2.98
R2 —Photocell Voltage 3 3.98 4 3.99
A-70% fatness milk R1 —Electrodes Voltage 3 2.94 3.04 2.99
R, —Photocell Voltage 3 391 4.05 3.98
A-%Added water in milk R1 —Electrodes Voltage 3 2.84 3 2.93
Rz —Photocell Voltage 3 3.97 4.18 4.07
A-%Added salt water in milk R1 —Electrodes Voltage 3 3.05 3.21 3.12
R, —Photocell Voltage 3 398 419 4.08
A-%Added water in 70% fatness milk R1 —Electrodes Voltage 3 2.84 3 2.93
R2 —Photocell Voltage 3 4 4.2 4.1
A-%Added salt water in 70% fatness milk R1 —Electrodes Voltage 3 3.1 3.21 3.11
R, —Photocell Voltage 3 4 4.18 4.09

Table 2- Analysis of Electrodes Voltage and PhotoCell Voltage Variance with One Factor Design

Mean of Mean of

p-value

Source df Squares of Squares of Model
Electrodes PhotoCell ~ Prob>F Result
Voltage Voltage
A-%Added water in milk 4 0.011 0.021 <0.0001 Significant
A-%Added salt water in milk 4 0.009 0.016 <0.0001 Significant
A-%Added water in 70% fatness milk 4 0.009 0.016 <0.0001 Significant
A-%Added salt water in 70% fatness milk 4 0.01 0.015 <0.0001 Significant
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Table 3- Correlation Coefficients of Electrodes Voltage with One Factor Design
R- Adj Pred
0,
Source Std.Dev. Mean C.V% Squared R-Squared R-Squared
-0 1 1
A-%Added water in milk 0013 294 046 096 0.944 0.9
-0 1 i
A-%bAdded salt water in milk 001 312 033 097 0.96 0.93
A-%A ter in 70% fat ilk
bAdded water in 70% fatness mi 0013 293 046 095 0.93 0.89
-0, 1 0,
A. O0Added salt water in 70% fatness 0.013 312 0.41 0.96 0.94 0.91
milk
Table 4- Correlation Coefficients of PhotoCell Voltage with One Factor Design
R- Adj Pred
0,
Source Std.Dev. Mean C.V% Squared R-Squared  R-Squared
-0, 1 i
A-%bAdded water in milk 0014 407 035 097 0.96 0.94
-0, 1 i
A-%Added salt water in milk 0.018 4.09 0.45 0.95 0.93 0.88
-0 1 0, 1
A-%Added water in 70% fatness milk 0.01 411 0.24 0.98 0.97 0.96
-0 1 0,
A-%Added salt water in 70% fatness 0.012 41 0.29 0.97 0.96 0.94

milk
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Figure 3- Changes in voltage of a) electrode b)
photocell according to added water in milk.

The vertical axis is the voltage values in volts and the
horizontal axis, from left to right, is the percentage of
adulteration in 5, 10, 20, 30 and 40 percent of the
sample volume in cc

Sl Kb DT b b 5 o gt 5 25 7800 55 O ks
T L g 555,501 55 Slais w5 o D sa s o
L S ol o Blal b das e ol 1) Lo glol S
Sl oS15 5ol s O edisle sy 4 S o
@ s ged b w53 LS 2y b e Al s sl
BEPARNICS ST PRVA B W 5 PR VISR ETY
Sl Caglan 53 (6,50t Sl O Ll s 3 5
e e b ol ous wlsl L g s b syl O
365 0l o ps Gl s 43I s g kS ¢ o 555

el o3l OLAS el ecd g o /NE L s

b b

L Ly 5 s sslial oabas SLlS & b 51 Gl ol 53
CTU s a5 Ly Ssle Jares slasles
Wld (S o IV b Blal S ST L et LS
oS o IV sy Sl Ol Leds o8 o ox IV b
ke 5 gl b Ay glas S Blol S ST L e
sla, S Slasiia | g Wy 5 35 S 5W, 5 ol
QTW.;M\ o 0303 OLE Y\ sl 3 el s 5 s
P - SN I LRI Sl
25 (g s £0)

SR b 3 Ju g 524 5 U5 Ol s

VAA ol ol s Jugid 535 50155 Sl
(st S Ol el Javgie &S el oy &5 Y44
Gl o3 pslis opl i Olsul by &y £o/0)
r@\;@\)‘ﬁiauﬁ&ﬁ)u@hﬁg),\étﬂ
S

S ST o 53 s 5 55 7S S Ol ks
0> Jes 555580 W Dk S e b AT S
Lclize @Y s ged b s o 0l ) Lol OTL Lo
b ials Gy N o S S s 4 ol il
Corge S 3 e Ay 3 g oS15 Rl OF W
O ol Tl 5 boos S o (S0 ol el
SRl b clize DY s sad b s S 5 1801 S Sl
OF s a8 il il sl oA g S el o O
boos b 5l elipdS 0 codd Jiulpl 5 s 0l 58,
Gl OF sl £ for s mlans 4 ool 555 s )3l
O 5 45 S le 5l eli, A8 0L > ilsdl Corge 5 3L
55048 8 53 (G S eSS Cunslio b fun b



¥4

5 e > ol il lebo 5 <l (b

Electrodes Voltage
302
3.00 )
298 Tl w

2.96
y =-0.0363x+3.0397

2.94 ’ R?=0.9622
292 ..
2.90 ’

288 ;
2386
284

2.82

Photocell Voltage

435

o T y=0.0473xe 397
A = 0.967

4.15
4.10
4.05

400 .

Figure 5- Changes in voltage of a) electrode b)
photocell according to added water in 70% fatness
milk.

The vertical axis is the voltage values in volts and the
horizontal axis, from left to right, is the percentage of
adulteration in 5, 10, 20, 30 and 40 percent of the
sample volume in cc
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Figure 4- Changes in voltage of a) electrode b)
photocell according to added salt water in milk.
The vertical axis is the voltage values in volts and the
horizontal axis, from left to right, is the percentage of
adulteration in 5, 10, 20, 30 and 40 percent of the
sample volume in cc
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