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OF PACKAGED LIQUID PRODUCTS

Martynov V.V., Belozerov V.V.
Don state technical University, Rostov-on-Don, e-mail: 89054516201 @mail.ru

The presence of counterfeit goods on the market of liquid packaged food products is partly due to the low
efficiency of the methods and means used to control quality and safety parameters. The development and implemen-
tation of express methods of comparative analysis and automated systems of continuous output and input control
is potentially capable of completely eliminating counterfeit, and thus becoming an appropriate subsystem in the
“National Food Quality Management System”. As our research has shown, liquid packaged food products are sold in
various containers, filling into which, as a rule, is carried out by automated lines and installations, and their compli-
ance and quality, in addition to determining the chemical composition, can be identified by density, kinematic and
dynamic viscosity, permittivity, conductivity, characteristic oscillation frequency and a number of other parameters.
Therefore, in order to improve the efficiency of quality control and safety of liquid products, an express method was
developed, the essence of which is that, with the introduction of a sensor-lid at the packaging stage, it becomes pos-
sible to measure a number of electrophysical parameters of the liquid without breaking the tightness of the package,
and thereby form an “image” of the liquid under study and compare it with the “image of the standard”.
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mobile complex, continuous control, counterfeit, liquid

In accordance with the Decision of the
State Commission for Combating Illicit Traf-
ficking in Industrial Products [1], Roskachest-
vo, together with Rosaccreditation, Rospatent,
Rosstandart and Rosselkhoznadzor, conducted
an unprecedented study of the Russian market
of bottled drinking water, including mineral
canteen, medical and medical canteen. More
than two hundred trademarks purchased in
seven federal districts of the country (Central,
NorthWestern, Volga, Southern, North Cauca-
sus, Ural, Siberian) were investigated for qual-
ity, chemical safety and falsification [2]. The
results of the inspection are alarming: for ex-
ample, 59 brands showed signs of counterfeit
products; 6 brands had nitrates and nitrites in
elevated concentrations, indicating problems
with water treatment; residual chlorine was
found in drinking water of natural origin of
one brand, and in another (medical canteen) —
an increased content of manganese. More than
40 brands of mineral water contained an in-
dication of mineralization groups, but at the
same time, being manufactured not according
to the State standard, they misled the consumer
[2], i.e., in fact, these brands do not have the
declared therapeutic effect.

In addition, the methods and means cur-
rently used to control the quality and safety
of bottled drinking water are ineffective and
require additional non-production and time
costs, such as removing the finished product
from the places of sale, transportation, storage
and laboratory testing [3], and the selective
control method does not guarantee the quality
of each product in the entire batch, which, in
our opinion, requires a radical change in the
policy of supervision and controls: it is neces-

sary to develop and implement automated sys-
tems of continuous output control and effective
express methods and means of input parameter
control [3].

In this article we will talk about a funda-
mentally new approach to the implementation
of the above tasks, in relation to liquid pack-
aged food products (LPFP) using the method of
comparative analysis and a portable automated
complex (PAC) implementing it, protected by
a patent of the Russian Federation [4], the use
of which is potentially capable of completely
eliminating the adulteration of bottled waters,
as well as becoming an appropriate subsystem
in the “National Food Quality Management
System™ [3].

Objective of the study is to improve the ef-
fectiveness of quality control and safety of lig-
uid packaged products.

Material and methods of research

As our research has shown, liquid pack-
aged food products are sold in various contain-
ers (polymer, glass, etc.), filling into which, as
arule, is carried out by automated lines and in-
stallations, and their compliance and quality, in
addition to determining the chemical compo-
sition, can be identified by density, kinematic
and dynamic viscosity, freezing point and flash
(self-ignition), alkaline and acid number, color,
transparency and turbidity, dielectric permit-
tivity, conductivity, characteristic oscillation
frequency, etc. [3, 4]. Also, recently, ready-
made solutions based on comparative analysis
have become increasingly popular, i.e. using
the method of comparing “images” (acoustic,
electrical, mechanical, etc.) of the standard and
the manufactured product, or/and finding rela-
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tionships between various parameters, in par-
ticular, bottled water [5].

For example, the portable safety device
“Latest 3.0” (Fig. 1), using the method of
quasi-static electro-field tomography, makes
it possible to assess the spatial distribution of
the electrical properties of the medium and,
thereby, determine the characteristics of the
liquid in a closed non-metallic vessel without
violating its tightness [6]. Potentials are in-
duced on the measuring electrodes of the de-
vice, the magnitude of which depends on the
voltage source, the distance between the active
electrode and the measuring electrodes and the
complex dielectric permittivity of the medium,
which, together with the conductivity, makes
it possible to unambiguously assess its danger
(Table 1) [6].

Fig. 1. Portable safety device LQtest 3.0
Table 1

Electrical properties of the liquid

Liquid Electrl.ca}l Diclectric
Ne conductivity,
constant
cm/m
1 | Water, soft drinks 0.01- 81
2 | Ethanol 10 25
3 | Acetone 10 21
4 |Nitroglycerin - 19
5 | Ether - 4.3
6 | Gasoline, diesel fuel 10 2

In addition to determining the dielectric
properties of the medium, one of the most im-
portant positions is occupied by density meters,
including ultrasonic density meters, since the
density of a liquid determines such important
indicators as the composition and properties of
a substance. The principle of operation of the
ultrasonic analyzer (Fig. 2) is based on the fact
that ultrasonic vibrations are passed through
the sample and ultrasound characteristics are
recorded depending on the concentrations of
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substances in liquid media and the temperature
of the sample, after which the closest depend-
ence of the ultrasound propagation velocity on
temperature is selected from a family of pre-
established calibration dependencies and this
velocity is calculated according to the formula
[7, 81

I/IIkTYm + qi’

where ¥ is the velocity of ultrasound propaga-
tion for each dependence; T is the measured
temperature of the liquid under study; &, and ¢,
are constant coefficients for each 11qu1d from
the entire class, and the determination of abso-
lute deviations by the formula:

= |Vm+ I/z|’

where AV is the absolute deviation of the ul-
trasound propagation velocity for each depend-
ence; V is the measured ultrasound propaga-
tion velocity.

Further, the two smallest deviations AV,
and AV will determine the nearby dependen-
cie V(T) and V(T) from the family of pre-es-
tablished dependenmes and the recalculation
of the ultrasound propagation velocity into the
density of the liquid is performed according to
the theoretically established dependence [8]:

AV, AV,
pP=|q +a, V. +
AV, +AV, AV, +AV,

AV, AV,
+| b +b, ,
AV, +AV, > AV, +AV,

where a, a,, b,, b, are constant recalculation
coeflicients for two nearby dependencies V,(7)
and V(T); AV,, AV, are absolute values of ve-
locity deviations calculated from the previous-
ly established dependencies V' (7) and V(T)

Fig. 2. Ultrasonic density meter ULIKOR Clover-2M
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It is possible that the ULICOR can be
modified for a non-contact method (without
sampling) and these methods and means of
comparative analysis are able to determine
the type and density of the packaged liquid in
a few seconds, without opening the container.
At the same time, it is essential that they have
high mobility, measurement accuracy, do not
require highly qualified personnel, and, thanks
to the presence of communication interfaces,
they can exchange data with a computer.

However, to create a national quality assur-
ance system for liquid packaged foods, deter-
mining only the type and density is not enough.
It is necessary to form a system of continuous
output control at the manufacturing enterprise
and input control at the places of sale of the
product, which will be able to determine the
quality parameters of liquid packaged foods.
That is why the method of weight impedance
electrometry (WIE) was developed and pro-
tected by the patent of the Russian Federation
for the invention [3, 4].

Results of the study and discussion

The essence of the method of weight im-
pedance electrometry lies in the fact that, with
the introduction of a sensor-lid at the stage of
packing, it becomes possible to measure the
electrophysical parameters of the liquid (den-
sity, conductivity, dielectric permittivity, char-
acteristic frequency, etc.) without breaking the
tightness of the package, i.e. to determine the
“image” of the liquid under study, compare it
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Fig.3. Block diagram of the PAC

with the “image of the standard” and calculate
the similarity criteria (electrodynamic, elec-
tromagnetic, dielectric, electro-inductive and
electric capacity) [3, 4].

To implement such a comparative analysis
of liquid packaged foods, a portable automated
complex (PAC) was developed, the block dia-
gram of which is shown in figure 3.

The installation for the implementation of
the express analysis method consists of a lap-
top with connection to it via the appropriate in-
terfaces of electronic scales and an E7-25 im-
mitance meter (frequency range from 1 Hz to
1 MHz) [9], which is connected to a contact
platform, for connection to a lid sensor that
clogs PET containers where water is packaged,
and with the help of appropriate software con-
trolled by a laptop, performing liquid identifi-
cation and determination of its quality within
ten seconds, by comparing the measured and
calculated parameters with the entered/stored
in memory parameters of the standards. At the
same time, the stationary automated continuous
monitoring complex of the water manufacturer
has the same structure, except for the use of the
E7-29 immitance meter, which has a range from
50 kHz to 15 MHz [10], which allows deter-
mining the characteristic frequency of the lig-
uid under study [11], by measuring the electri-
cal conductivity of the liquid for two different
temperatures in the range from boiling point to
freezing point (Fig.4), thanks to the design of
the sensor-lid (Fig. 5), which allows heating of
the test liquid inside a sealed package.

M
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Fig. 4. Conductivity of tap water from the frequency of electromagnetic oscillations

Fig. 5. 3D model of an inductive sensor-cover

Further, under computer control, an immi-
tance meter connected to the lid sensor meas-
ures first the parameters of the gas medium in-
side the container, and after the bottle is turned
over, the liquid parameters: capacitances (Cp),
resistances (Rp), electrical conductivity (Gp),
tangents of loss angles (tgo) and leakage cur-
rents (I) at fixed frequencies [10].

In this case, the obtained data form spectra
of values that are used for the subsequent calcu-
lation of the relative permittivity (¢) according
to formula (1), macroscopic relaxation time (7)
according to formula (2), molecular relaxation
time (z ) according to formula (3), dynamic vis-
cosity (710) according to formula (4) [3, 4]:

e=C,/C, (1)

(e-1)

-1
12747 feo ‘\/ 16272 1g°5  4r f2 ’

2

352'#

r= g 3

2¢+1

_ Ty 4
n-/ @

where C| is the capacity of the sensor in the gas
medlum pF; C, is the capacity of the sensor in
the 11qu1d pF; f is the frequency, Hz; 77, and 7,
are tabular data of the gas medium loaded into
the computer.

And, thanks to the data from the tempera-
ture sensor and electronic scales, the density
(p) and kinematic viscosity (v) of bottled water
are calculated according to the following for-
mulas [3, 4]:

p(t) = pz()cc - At(t - 200C)’ (5)
v=1,/p(), (6)

where p, .. is the density of the liquid at 20°C,
kg/m?;
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At= (18,31 - 13,233 - p,.) - 107 — tem-
perature correction to density %y one degree;
t — current temperature, °C.

The kinematic viscosity of drinking water
(v) packaged in a container varies depending
on temperature, and it is also calculated using
Walter’s formulas [3, 4]:

Iglg(v+0.8)=a+blgT, (7)
a=1g1g(v+0.8)—blg7}, ®)
Ig| 1 0.8)/1 0.8
,_lelle(v+ )Tg(vz+ )] o)
1
lg—+
L

where a and b are empirical coefficients; 7', and
T, are the standard temperature of liquid and
viscous media.

To identify liquid and viscous products by
solidification temperature, the Walter formulas

are used, with a kinematic viscosity value of
10000 mm?¥s [3, 4]:

1g1g(10000+0.8) = Ig
1(10000+0.8)~a

:a+blgT—>T:10{ b ] (10)

Accordingly, in order to verify the readings
of the stationary automated complex (SAC), a
portable safety device “LQtest 3.0” and an ul-
trasonic density meter ULICOR “Clover-2M”
will be used in this study. A summary table of
the measured parameters is given in Table 2.

The determination of the characteristic fre-
quency in the PAC will be carried out by cal-
culating the approximating formulas for the
frequency of 1 MHz in the event that the re-
maining parameters of the “image” will have
a significant variance. A summary table of the
“image” of water is given in Table 3.

Table 2
Measured parameters
Device
Ne Parameter LQtest 3.0 Clover2M SAC
1 Density - + +
2 Conductivity + - +
3 Dielectric constant + - +
4 Characteristic frequency - - +
Table 3
«Image» of water
Ne | Name of the parameter Designation | Dimension Range of variation
1 | Product weight m kg 0,25 -20
2 | Product scope \% m’ (0,25-20)4
3 | Product density p kg/m? 990-1000
4 | Electrical conductivity G S 0,000001-0,2
5 |Resistance R Q 5-10°
6 |Leakage current I A 106-0,2
7 | Capacity (with a capacitive sensor) C pF 103 — 10"
8 |Inductance (at induct. sensor) L nH 30-120
9 | Temperature T °C 1-50
10 | Measuring equipment tgd - 106-57
11 | Specific electrical conductivity G mkS/cm 50— 1500
12 | Magnetic permeability m H/m B-9Y
13 | Complex resistance module |Z| Q 900 — 9500
14 | The shear angle of the complex resistance [0) ° minus 180° — plus 180°
15 | Kinematic viscosity v m?/s 0,3-1,84
16 | Dynamic viscosity n NY 03-1,894
17 | Frequency f Hz 10— 10°
18 | Dielectric constant € - 60 —-90
19 | Characteristic frequency F kHz 2500 — 5450

EUROPEAN JOURNAL OF NATURAL HISTORY Ne1, 2022

10



Conclusion

The presence of counterfeit goods on the
market of liquid packaged products is partly
due to the low efficiency of the methods and
means used to control quality and safety pa-
rameters. The development and implemen-
tation of express methods of comparative
analysis and automated systems of continuous
output and input control is potentially capable
of completely eliminating the adulteration of
Liquid packaged food products, bottled water
in particular, and thus becoming an appropriate
subsystem in the “National Food Quality Man-
agement System”.

To carry out express diagnostics of liquid
packaged food products, without opening con-
tainers and sampling, it is necessary, firstly, the
introduction of sensor-covers at the packaging
stage, secondly, the formation of a unified da-
tabase of “images” of standards using manu-
facturers’ data, thirdly, the organization of
appropriate subsystems (manufacturers, trade
enterprises and state supervision bodies).

References

1. Decision of the State Commission on Combat-
ing Illegal Trafficking of Industrial Products No. 17 dated
18.12.2019. [Electronic resource]. URL: http://government.
ru/docs / (accessed: 12/23/2021). 2. Roskachestvo: Drinking

39

water (including mineral water). [Electronic resource]. URL:
https://rskrf.ru/ratings/napitki/bezalkogolnye/drinking-water/
(accessed: 12/23/2021).

3. Martynov V.V,, Belozerov V.V. Method and portable au-
tomated complex of express analysis of bottled water. European
journal of Natural History. 2021. No. 1. P. 66-71.

4. Belozerov V.V,, Lukyanov A.D., Obukhov P.S., Abrosi-
mov D.V,, Lyubavsky A.Yu., Belozerov V.V. Method of express
analysis of liquid products and installation for its implementa-
tion. RF Patent No. 2696810. Patent holder of the Don State
Technical University. 2019. Byul. No. 22.

5. Yergaliev D.S. Comparative analysis of pattern recogni-
tion methods. Proceedings of the international symposium “Reli-
ability and quality”. 2011. Vol. 2. P. 43-44.

6. Device for detecting flammable and explosive liquids in
closed containers (Portable safety device PPB 3.0) “LQtest 3.0”.
[Electronic resource]. URL: http://avklab.ru/docs/Iqtest-30-ruk-
ovodstvo.pdf (accessed: 12/23/2021).

7. Ultrasonic liquid analyzer “ULIKOR”. [Electronic re-
source]. URL: https://biomer.ru/data/upload/production/ulikor-
klever-2m/ru_klever-2m.pdf (accessed: 12/23/2021).

8. Cherpakov A.I., Shaverin N.V. Ultrasonic method for
determining the density of a liquid. RF Patent No. 2221234. The
patent holder of LLC “Control Systems”. 2004. Byul. No. 1.

9. Immitance meter E7-25. [Electronic resource]. URL:
http://vebion.ru/upload/iblock/118/1184385a718cf2dacac745¢c6
6fffb1d7.pdf (accessed: 12/23/2021).

10. Immitance meter E7-29. [Electronic resource]. URL:
https://all-pribors.ru/docs/73523-18.pdf (accessed: 12/23/2021).

11. Usikov A.S., Fomenko V.V. Kartashov Yu.l., Vasily-
eva L.K., Astafyeva N.V., Usikov S.V. Method for determining
the type of liquid. RF Patent No. 2383010. Patent holder of the
Federal State Unitary Enterprise “Russian Scientific Center “Ap-
plied Chemistry”. 2010. Byul. No. 6.

EUROPEAN JOURNAL OF NATURAL HISTORY Nel1, 2022



