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Abstract
Development of a new generation of functional antiage cosmetics is a most important area of cosmetic industry development. 

An integral part of such products are biologically active substances (BAS) with essential oils, being among the sources of which.
Each essential oil is characterized by a well balanced unique composition of biologically active substances.
Development of new cosmetic products consists of correct selection of the required composition of components with required 

properties and selection of a suitable package, preserving product properties throughout its shelf life.
During production of cosmetic products in aerosol package a number of issues are solved, unlike with antiage-products in 

form of creams in customary tubes. The degree of oxidation-reduction reactions, having negative impact on the properties of essen-
tial oils, is substantially reduced.

The concentration providing for the optimum degree of evacuation and excess pressure in the packaging are essential issues.
The aim of this research is to determine the degree of evacuation of the contents, excess pressure, and mass fraction of a 

propellant in the product test samples to find the samples of aerosol package with optimum parameters.
A number of tests to determine the degree of evacuation of the contents from aerosol package, excess pressure and a mass 

fraction of a propellant have been performed. The greatest degree of evacuation of products was observed with mass fraction of 
propellant of 13.79 %. Based on the results of the tests for excess pressure in aerosol packaging, it has been found, that with mass 
fraction of a propellant of 13.79 % excess pressure is 0.4 MPa, which was taken as an optimum value. The test showed that the mass 
of a propellant of 16 g evacuates the product from aerosol package to the maximum extent and does not exceed the acceptable limits 
for excess pressure (0.2–0.6 MPa).
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1. Introduction
One of the most important issues during the development of any cosmetic product is the selec-

tion of correct package [1, 2]. It is not enough to manufacture a product of high quality; an important 
and a critical moment is the selection of a package for a cosmetic product. Surely, the package of per-
fumery and cosmetics must be attractive, as this is the first thing the consumer sees; but its function-
al selection is still a determining factor. Correctly selected package of a cosmetic product accounts 
for its functionality throughout the shelf life and for preservation of its claimed properties [1–3].
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If a packaging is selected incorrectly, various physicochemical processes can occur in the 
product during its storage, transportation and use, leading to deterioration of its consumptive qual-
ities, quality impairment. Invariability of odour, colour and functional properties throughout the 
labelled shelf life is a most important parameter of the reliability of a package selected [3, 4].

Special attention should be paid to the issues of packaging for cosmetic products, contain-
ing natural essential oils. Natural essential oils are highly volatile oily liquids, obtained from plant 
raw materials. They are called essential because of their volatility. Light, air, humidity change the 
structure of essential oils; oxidation, gumming reactions occur, affecting physical and therapeutic 
qualities of the natural product. This is why the cosmetic products, containing essential, oils should 
be kept away from the above external factors.

With a glance to these factors one of the most suitable types of package for such cosmetic 
products is aerosol package. A propellant, used in aerosol package, does it brilliantly by displacing 
oxygen, which is a potent oxidant. With a glance to the specificity of aerosol package a number of 
demands are posed to it. The demands to perfumery and cosmetics in aerosol packaging are laid 
down in the international standard ISO 22715:2006 Cosmetics –Packaging and labelling [5].

The degree of evacuation of contents from aerosol packaging is a key demand to this type of 
product. Correct selection of the quantity of a propellant is of great importance for maximum evacu-
ation of the product. Taking previously developed cosmetic product GYDERLIFE-INTENSIVE [6] 
as an example, it is proposed to use 1,1,2,2-tetrafluoroethane (Freon-134a). The advantages of this 
propellant gas are the required safety criteria: non-toxicity, non-flammability, ODP coefficient 
(ozone depletion potential), equaling to zero [7, 8].

The main parameters, affecting quality of a cosmetic product, are the degree of evacuation 
of the contents from aerosol package, excess pressure, mass fraction of a propellant in the test 
product [3, 4]. To determine the most effective amount of a propellant, which is necessary for evac-
uation of the cosmetic product GYDERLIFE-INTENSIVE in form of spray, a number of tests on 
ten model samples were carried out. 

Therefore, the aim of this research is to determine the degree of evacuation of the contents, 
excess pressure, and mass fraction of a propellant in the test samples to determine the samples of 
aerosol package with optimum parameters.

The task of the research is to study control samples of aerosol packages, to determine the de-
gree of evacuation for each sample with the use of difference in weights of the full container and that 
of the container after it contents has been discharged, excess pressure, mass fraction of a propellant.

2. Materials and methods
2. 1. Test materials and equipment used in the experiment
The following equipment and materials were used in one research [3, 4, 7]:
– laboratory scale with the greatest weighing range of 500 g and weighing error not more 

than ±0.03 g; 
– special spray nozzle with an injection needle; 
– 50 mL graduated cylinder – under GOST 1770; 
– stopwatch with the least count of 0.20 sec – under TU 25-1819.002; 
– 500 mL flask Кн-1-500-29/32 ТС – under GOST 25336; 
– glass rod;
– octyl or butyl alcohol – under GOST 5208;
– propellant Freon –134а;
– 175 mL aluminium bottles/(Manufacturer MATRAMETAL, Hungary);
– valves and sprayers (manufacturer KOH-I-NOOR, Czech Republic);
– cosmetic product GYDERLIFE-INTENSIVE [9].

2. 2. Method for determination of the degree of evacuation of the contents of aerosol 
packaging

The test is carried out for continuous release aerosols and sprays [3, 4, 9]. Weight the 
container together with the sprayer or a tip to within 0.01 g (m4). Then operate the valve or the 
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tip to remove the whole material and re-weight the container with the sprayer of tip again to  
within 0.01 g (m5). 

Calculate the contents discharge in per cent (X) using the equation: 

4 5

6

100,
−

= ×
m m

X
m

where m6 – weight of the labelled contents, g (or obtained by multiplying the nominal volume by 
the density of the preparation). 

Unless otherwise stated in the pharmacopoeial article or regulatory documents, the 
contents discharge percentage must be not less than 90 %, and the result is the arithme-
tic mean, obtained from determination of the discharge of the contents of 3 containers in  
per cent.

2. 3. Method of determination of excess pressure in aerosol packaging
Allow the packages to stand at a room temperature for 1 hour and measure the pressure 

inside the package using the manometer (accuracy class 2.5). The pressure must comply with the 
requirements of the pharmacopoeial article or regulatory documents and to be 0.2 to 0.6 MPa 
(2–6 kgf/cm2) [3, 4, 7]. 

2. 4. Method for determination of mass fraction of a propellant
Test procedure: place a glass rode into a f lask, introduce 50 mL of octyl alcohol and 

rinse the walls of the f lask with it. Weight the f lask with the material and the glass rod. After 
removing a tip allow the full aerosol packaging to stand at the ambient temperature for at least 
30 min and weight it together with a special sprayer nozzle. Shake the packaging thoroughly 
for 20–30 s and discharge the whole material into the conic f lask in small portions, shaking 
the bottle from time to time as foam in the f lask disappears. To accelerate disappearance of 
the foam mix the contents of the f lask with the glass rod until the foam disappears completely. 
If the f lask with the contents is significantly cooled down, heat to the room temperature and 
weight [3, 4, 7]. 

Calculate the mass fraction of the propellant P2 using the equation:

1
2

2

100,
−

= ×
−

m m
P

m m

where m – weight of aerosol package with contents, g; m1 – mass of aerosol package with residue 
after discharging the contents, g; m2 – mass of empty aerosol package, g.

3. Results of determination of the degree of evacuation of the contents, excess pressure, mass 
fraction of the propellant in model samples of the product

The degree of evacuation of the contents was determined for each sample.
The results of experiments for determination of the degree of evacuation of the contents are 

presented in Fig. 1.
Based on the data in Fig. 1, it can be concluded, that the maximum degree of evacuation is 

observed with sample 6, whereas this parameter is practically the same for samples 8–10.
The results of the test for determination of excess pressure in each sample aerosol packaging 

are presented in Fig. 2.
Starting from sample 6 the excess pressure in the package rises and remains practically the 

same till sample 9. As a whole, the increase in the degree of evacuation corresponds to the increase 
in excess pressure, except for samples 5, 7 and 10.

Further mass fractions of a propellant were determined in each test sample.
The results of experiments for determination of mass fraction of a propellant in aerosol 

packaging are presented in Fig. 3.
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Fig. 1. Degree of evacuation of the contents from aerosol package

Fig. 2. Determination of excess pressure in aerosol package

Fig. 3. Determination of mass fraction of a propellant in aerosol package

As follows from the data, presented in Fig. 3, the increase in mass fraction of a propellant 
is observed starting from sample 7. This section also correlates with the increase in the degree of 
evacuation and excess pressure.
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Therefore, the maximum degree of evacuation of the contents from aerosol package is ob-
served for sample 6, whereby the propellant pressure is 0.40 MPa, which falls within the acceptable 
limits, and the mass fraction of a propellant is 13.79 %.

4. Discussion of results of determination of the degree of evacuation of the contents, excess 
pressure, mass fraction of a propellant in model samples of the product

Based on the data, obtained from the test for degree of evacuation of the contents from 
aerosol packaging, determination of the excess pressure and mass fraction of a propellant in the 
cosmetic product GYDERLIFE-INTENSIVE, the following findings have been made. With the 
mass fraction of a propellant of 13.79 % the product is evacuated from the bottle to the maximum 
extent. The propellant pressure is well within the acceptable limits. The results obtained allow 
estimating the correctness of selection of a good package for the cosmetic product “GYDERLIFE- 
INTENSIVE” and the amount of a propellant in the composition of the product.

It should be noted, that with 1,1,2,2-tetrafluoroethane (Freon-134a), used as a propellant, 
the product obtains a number of required safety characteristics. Among them are: non-toxicity, 
non-flammability, ODP coefficient (ozone depletion potential) equalling to zero, which are re-
quired under the Technical regulations of the Customs Union TR CU 009/2011 “On safety of per-
fumery and cosmetics” . 

It should also be noted, that methods for determination of parameters of the cosmetic prod-
uct GYDERLIFE-INTENSIVE, which were included in the experimental part of this article, shall 
be further used as quality control methods for the finished product.

5. Conclusion
The greatest degree of evacuation of the product was observed for sample 6 and was 

100 %. Following the tests for excess pressure in aerosol package, samples 6 and 7 showed the 
mean value according to the set limits (0.2–0.6 MPa). During the determination of the mass frac-
tion of propellant samples 5 and 6 showed the optimum value for the amount of a propellant in 
the test product. Summarizing all above mentioned information, it can be concluded, that param-
eters, chosen for sample 6, are optimum and acceptable. The optimum amount of a propellant is 
13.79 % with the excess pressure of 0.40 MPa. These parameters are the criteria for the effective 
use of this kind of packages.

The results of the experimental tests obtained in this work are of great importance for per-
fume and cosmetic industry, where products in aerosol packages are produced. In this case topical 
issues are quality and safety of products, ability of the products to preserve their physicochemical 
and organoleptic properties over a prolonged period of time. To solve these tasks special packages 
and substances are used, allowing preventing changes in the product. Thus, the critical issue is 
preservation of quality of products, containing essential oils, which change their structure under 
the influence of oxygen, moisture and other factors. For such products it is most practically to use 
aerosol package with addition of a propellant, which displaces air. Another critical issue is the de-
gree of evacuation of the product from such package.

The value of the optimum mass fraction of a propellant, corresponding to the acceptable 
excess pressure will allow using this type of packaging more effectively and rationally.

The work determines the data for the cosmetic product GYDERLIFE-INTENSIVE, where-
as there is a wide range of products in aerosol package, where peculiarities and the composition of 
the contents of the package are to be taken into account.

A perspective direction in this field is testing these parameters for various types of propel-
lant gases, as well as products with various compositions and for various purposes.
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Abstract
There have been conducted probation studies of an improved uninterrupted pasteurization set “tube in tube” that allowed to 

provide modern market needs of consumers in getting high-quality food products that must undergo pasteurization stages at tech-
nological production. Heat delivery by FFREHRT is used in the set for providing heat flow distribution evenness. There has been 
established the optimal working space of processed raw materials by studying a temperature drop in the middle of the raw material 
flow and at the apparatus surface. At the width of the linear ring size of the working environment as 9.5 mm and the flow speed as  
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