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P r z e d m o w a 

 
Zgodnie z przyjętym przez Kolegium Redakcyjne długoterminowym planem wy-

dawniczym w połowie lutego 2020 roku oddajemy do rąk Państwa – naszych czytelników – 
sześćdziesiąty drugi numer kwartalnika Towaroznawcze Problemy Jakości (Polish Journal of 
Commodity Science). Wszystkie artykuły są publikowane w angielskiej wersji językowej, 
przy czym każdy artykuł zawiera obszerne streszczenie zarówno w języku polskim jak i an-
gielskim. Streszczenia wszystkich prac opublikowanych na łamach kwartalnika w obydwu 
wersjach językowych dostępne są również na stronie internetowej naszego czasopisma pod 
następującym adresem: http://www.tpj.uniwersytetradom.pl. Ponadto informujemy, że obecnie 
na stronie internetowej dostępne są w formule open-access pełne wersje wszystkich artyku-
łów, które zostały opublikowane na łamach naszego czasopisma do roku 2018 włącznie. 

Serię 8 artykułów obecnego wydania naszego czasopisma otwiera przeglądowy artykuł 
Kozaka dotyczący możliwości zastosowania pomiarów tlenu w zapewnieniu jakości i bezpie-
czeństwa produktów i usług. Autor omawia metody pomiaru tlenu oraz przedstawia ich liczne 
zastosowania w różnych dziedzinach takich jak kontrola jakości opakowań i produktów spo-
żywczych, kontrola jakości wody, ochrona środowiska naturalnego, motoryzacja, lotnictwo, 
transport morski, wytwarzanie energii, przemysł wydobywczy, petrochemia, medycyna i inne. 
Zwrócono uwagę na ekonomiczne i społeczne aspekty zastosowania pomiarów tlenu. 

Obecność toksycznych składników w ściekach stanowi poważny problem środowiskowy. 
W kolejnym artykule Kalak omawia dostępne metody usuwania toksycznych składników ze 
ścieków. W pracy zwrócono uwagę na możliwości zastosowania niedrogich materiałów natu-
ralnych, odpadów rolniczych i przemysłowych, a także produktów ubocznych procesów prze-
twarzania jako skutecznych sposobów usuwania toksycznych składników ze ścieków. Autor 
przedstawia ekonomiczne i środowiskowe aspekty stosowania tanich adsorbentów do oczysz-
czania ścieków z zanieczyszczeń.  

Technologia druku 3D stanowi dziś innowacyjną metodę wytwarzania obiektów z różno-
rodnych surowców takich jak metal, ceramika czy tworzywa sztuczne. Na podstawie odpo-
wiedniego modelu cyfrowego modelu obiekty wytwarza się metodą przyrostową, warstwa po 
warstwie. Wojciechowska i Wolek przedstawiają wyniki badań własnych dotyczące oceny 
porównawczej prototypów opakowań wykonanych przy użyciu technologii druku 3D z PLA  
i HIPS, a otrzymanych metodą FDM. Na podstawie przeprowadzonych badań stwierdzono, że 
przyjazny środowisku naturalnemu PLA może stanowić alternatywę dla powszechnie stoso-
wanego obecnie w opakowalnictwie polistyrenu. 

W kolejnej pracy Jasińska-Kuligowska i współautorzy przedstawiają wyniki badań wła-
snych dotyczące analizy ilościowej i właściwości bioaktywnych składników obecnych w su-
plementach diety zawierających nasiona lnu. Przeprowadzono badania zawartości polifenoli  
i aktywności antyrodnikowej w ośmiu suplementach diety i stwierdzono umiarkowaną korela-
cję pomiędzy zawartością polifenoli a właściwościami antyrodnikowymi. Ponadto, zaobser-
wowano silne ujemne korelacje obserwowano pomiędzy oceną ogólną a zapachem i smakiem 
ziołowym oraz dodatnią korelację pomiędzy oceną ogólną a zapachem orzechowym badanych 
próbek. Zaoobserwowao, że dodatki smakowe wpływały na obniżenie właściwości przeciwu-
tleniających i zawartości polifenoli, przy czym nie poprawiały ogólnej oceny sensorycznej 
testowanych suplementów diety zawierających nasiona lnu.  

Przedmiotem pracy Klensporf-Pawlik i współautorów jest jakość nasion chia po-
chodzących z kilku krajów Ameryki Południowej i Środkowej. Stosując metodę chromatogra-
fii gazowej Autorzy określili skład kwasów tłuszczowych występujących w tych nasionach. 
Stwierdzono, że dominującym kwasem tłuszczowym w oleju pozyskiwanym z nasion chia 
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były takie nienasycone kwasy tłuszczowe jak  kwas α-linolenowy, kwas linolowy oraz kwas 
oleinowy. Zdaniem Autorów wyznaczona wysoka wartość współczynnika utlenialności 
(CoxV) oleju z nasion chia wskazuje na ograniczenia w możliwości zastosowania tych nasion 
w żywności przetworzonej, zwłaszcza żywności poddawanej obróbce termicznej. 

W kolejnej pracy Zieliński przedstawia wyniki badań własnych dotyczących wpływu skła-
du rozpuszczalnika stosowanego w procesie ekstrakcji przeciwutleniaczy z suszonych kwia-
tów tarniny śliwy na aktywność przeciwrodnikową ekstraktów o potencjalnym zastosowaniu 
w wyrobach kosmetycznych. W celu doboru składu mieszaniny rozpuszczalników zastosowa-
no oryginalną metodę obliczeniową zaproponowaną przez Stefanisa i Panayiotou’a. Doświad-
czalnie wykazano, że tak wyznaczony skład ekstrahentu prowadzi do uzyskania ekstraktów 
suszonych kwiatów tarniny śliwy o wysokiej zawartości związków polifenolowych.  

W kolejnej pracy Cal i Wieczorek przedstawiają wyniki badań własnych dotyczących wła-
ściwości użytkowych szamponów wytworzonych z dodatkiem ekstraktów owocowych. Au-
torki przeprowadziły ocenę wybranych właściwości użytkowych i fizykochemicznych szam-
ponów do mycia włosów przygotowanych według własnych receptur, które zawierają różno-
rodne ekstrakty owocowe. Stwierdzono, że obecność w szamponach tych ekstraktów wpływa 
głownie na lepkość szamponów. Na podstawie przeprowadzone pomiarów właściwości po-
wierzchniowych i zwilżających stwierdzono, że w zależności od rodzaju zastosowanego eks-
traktu dodatek ekstraktu owocowego do receptury badanych szamponów może zarówno po-
prawić, jak i pogorszyć aktywność powierzchniową i ich zdolność zwilżające. 

W przedostatnim artykule Wybieralska i Kondrat omawiają wyniki badań własnych doty-
czących oceny właściwości aplikacyjnych serii kosmetycznych masek nawilżających wytwo-
rzonych z dodatkiem alg i śluzu ślimaka. Zadaniem tych składników jest zapewnienie skórze 
odpowiedniego nawilżenia oraz opóźnienie lub zniwelować efekty starzenia. W pracy przed-
stawiono wyniki konsumenckiej analizy masek z dodatkiem alg oraz pomiarów korneometry-
czych i tewametrycznych prowadzonych w kilkumiesięcznym okresie czasu na odpowiednio 
dobranych grupach probantów. 

W ostatnim artykule Karabanov i współpracownicy przedstawili badania dotyczące zwięk-
szenia właściwości przeciwpoślizgowych obuwia. Dowiedziono, że utworzenie wypukłej 
platformy, zawierającej zespół przeciwpoślizgowych elementów z tyłu obcasa, zwiększa wła-
ściwości przeciwpoślizgowe i stabilność użytkownika podczas wchodzenia na powierzchnię 
podparcia. 

Sześćdziesiąty drugi numer naszego kwartalnika zamyka stała rubryka „Informacje TPJ”. 
Zamieszczono w niej informacje o kolejnej, tym razem jubileuszowej  X międzynarodowej 
konferencji naukowej z cyklu „Rola towaroznawstwa w zarządzaniu jakością w warunkach 
gospodarki opartej na wiedzy”, która odbędzie się w listopadzie bieżącego roku. Tym razem 
konferencja ta, która przez minione lata odbywała się w Radomiu, zostanie zorganizowania na 
terenie Uniwersytetu Morskiego w Gdyni. 

 
 
 
 

Życzę Państwu przyjemnej lektury. 
 

 
Redaktor TPJ 
prof. dr hab. inż. Ryszard Zieliński  
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P r e f a c e 
 

 
According to the long-term plan accepted by the Editorial Board, in the middle of February 

2020 we present to our readers the 62st issue of the Polish Journal of Commodity Science.  
All the papers are published in English and each paper contains a wide summary in Polish and 
English. The summaries in both language versions of all the works published one can find on 
our web page http://www.tpj.uniwersytetradom.pl. Moreover, at the web page an open-access 
to all the papers published up to 2018 is offered. 

A series of 8 papers in the current issue of the journal is opened with Kozak's review 
article on the possibility of using oxygen measurements to ensure the quality and safety of 
products and services. The author discusses oxygen measurement methods and presents their 
numerous applications in various fields such as packaging and food quality control, water 
quality control, environmental protection, automotive industry, aviation, maritime transport, 
energy production, mining industry, petrochemicals, medicine and others. Much attention was 
paid to the economic and social aspects of using oxygen measurements. 

The presence of toxic components in wastewater is a serious environmental problem. In 
the next paper Kalak discusses the available methods for removing toxic components from 
wastewater. The work highlights the possibilities of using inexpensive natural materials, 
agricultural and industrial waste, as well as by-products of processing as effective ways to 
remove toxic components from wastewater. The author presents the economic and 
environmental aspects of the application of cheap adsorbents for wastewater treatment. 

Today, 3D printing technology is an innovative method of manufacturing objects from  
a variety of raw materials such as metal, ceramics and plastics. Based on the appropriate 
digital model, objects are created by the incremental method, layer by layer. Wojciechowska 
and Wolek present the results of their research on the comparative assessment of packaging 
prototypes made using 3D printing technology from PLA and HIPS, obtained using the FDM 
method. On the basis of the research performed, it was found that environmentally friendly 
PLA could be an alternative to the commonly used polystyrene packaging. 

In the consecutive work Jasińska-Kuligowska et al. present the results of their research on 
the quantitative analysis and properties of bioactive ingredients present in dietary supplements 
containing flaxseed. Polyphenol content and anti-radical activity were tested in eight dietary 
supplements and a moderate correlation between polyphenol content and anti-radical 
properties was found. In addition, strong negative correlations between the overall score and 
herbal smell and taste were observed, while a positive correlation between the overall score 
and the nutty smell of the samples tested was registered. It was observed that the flavor 
additives reduced antioxidant properties and polyphenol content, but did not improve the 
overall sensory evaluation of the tested dietary supplements containing flaxseed. 

The subject of the work of Klensporf-Pawlik et al. is the quality of chia seeds from several 
countries in South and Central America. Using the gas chromatography method, the authors 
determined the composition of fatty acids found in these seeds. It was concluded that  such 
unsaturated fatty acids as α-linolenic, linoleic and oleic were dominant in oil obtained from 
chia seeds. Moreover, the high value of the coefficient of oxidation (CoxV) of chia seed oil 
indicates limitations in the possibility of using these seeds in processed foods, especially heat-
treated foods. 
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In the conscutive paper Zieliński presents the results of his research on the impact of the 
solvent composition used in the extraction of antioxidants from dried blackthorn blossoms on 
the antiradical activity of extracts with potential use in cosmetic products. In order to 
designthe composition of the solvent mixture, the original numerical method proposed by 
Stefanis and Panayiotou was used. It was experimentally proved that the extractant 
composition determined in this way led to extracts of dried plumthorn flowers with a high 
content of polyphenolic compounds. 

In the next article, Cal and Wieczorek present the results of their research on the usable 
properties of shampoos prepared with the addition of fruit extracts. The authors assessed 
selected functional and physicochemical properties of shampoos prepared according to their 
own recipes, which contained various fruit extracts. It was found that the presence of these 
extracts in shampoos affected mainly the viscosity of shampoos. Based on the measurements 
of surface and wetting properties, it was found that depending on the type of extract used, the 
addition of a fruit extract to the recipe of the tested shampoos could both improve and worsen 
surface activity and wetting ability. 

In the penultimate paper, Wybieralska and Kondrat discuss the results of their research on 
the assessment of the application properties of a series of cosmetic moisturizing masks made 
with the addition of algae and snail mucus. The task of these ingredients is to provide the skin 
with adequate hydration and to delay or reduce the effects of aging. The paper presents the 
results of consumer analysis of masks with the addition of algae as well as corneometric and 
tetrametric measurements carried out over several months on appropriately selected groups of 
probants. 

In the last article, Karabanov et al. presented research on increasing the anti-skid properties 
of footwear. Creating a convex platform containing a set of anti-skid elements at the back of 
the heel was proved to increase anti-skid properties and user stability when climbing onto the 
support surface. 

The 62nd  issue of the quarterly closes with the column “TPJ Announcements”. It contains 
information about the jubilee, 10th international scientific conference “The role of commodity 
science in quality management under the conditions of knowledge-based economy”, which 
will take place in November this year. This time, this conference, which has been taking place 
in Radom over the past years, will be organized on the premises of the Maritime University in 
Gdynia. 

 
 
 
 

I wish you a nice reading 
 

 PJCS Editor 
 Prof. dr hab. inż. Ryszard Zieliński 
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Introduction 

Oxygen measurements are used in many important 
areas of life and industries. This is primarily due to the 
specific properties of oxygen, which is one of the most 
common and reactive elements in nature [1, 2] and thus 
is involved in countless processes (chemical, 
biochemical, biological), which directly or indirectly 
affect the efficiency of other processes (e.g. production), 
as well as the quality and safety of many products and 
services.  

The paper will discuss the more and less known 
applications of oxygen measurements, but they all have 
great practical and economic significance. In many 
cases, oxygen measurements care for our safety, often 
save our lives, protect the surrounding environment, 
increase the efficiency and economy of production 

processes, create product quality 
and contribute to a better 
understanding of the universe 
around us. 

1.  Packaging and food  
quality 

High reactivity of oxygen 
makes, that an information on its 
quantity in the surroundings of 
food products is very important 
for assessment of their condition 
and prediction of quality changes 
over time or the possibility of 
extending their durability. This 
requires the selection of an 
appropriate measurement 
methodology depending on the 
type of product and the properties 
that we want to study or predict. 
In case of food products, oxygen 
measurements are made most 
often directly in the headspace  
[3, 4]. This allows to specify the 
conditions under which the 
product is stored at a given 
moment and on that basis qualify 
its condition. Of course, in this 
case, it is necessary to take into 
account not only the level of 
oxygen, but also the quantity of 
the product (determined by mass 
or, if possible, volume) and the 
capacity of the packaging. The 
mutual relations of these 
quantities have a significant 
impact on the rate of change of 
product properties. In addition to 
measuring the amount of oxygen 
in the free space of the 
packaging, measuring the a 
mount of dissolved oxygen is 
useful in assessing the quality of 
liquid food products [5].  

Regardless of whether we 
measure the amount of oxygen in 
the free space, or the amount of 
dissolved oxygen, such 
measurements are extremely 
useful in conducting shelf life 
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studies [6]. Thanks to this, it is possible to track changes occurring in products under real 
conditions at specified intervals and for a specified period. In addition, comparative studies 
can be carried out with and without light, or by changing other environmental conditions that 
are relevant to the quality of products (e.g. temperature, humidity). On this basis, it is possible 
to forecast the expiry date and make changes to optimize it (e.g. by choosing the right 
packaging materials, recipe modification etc.). Another area where oxygen measurements are 
used is the assessment of the integrity or sealing of the packaging.  

First of all, it is possible to check the quality of the material from which the packaging is 
made [7]. As practice shows, often the source of problems with the tightness of the packaging 
is not its essential part, but the type and method of closing. For this reason, the tightness 
assessment of packaging closures is another area oxygen measurements application [8]. 
Thanks to it, it is possible to control the effectiveness of a given closure, as well as conducting 
simulations with different types of closures equipped with different types of seals and 
parameters of packaging closing processes, allowing to determine, e.g. optimal temperature, 
time and pressure force during packaging sealing.  

This information is extremely important from the point of view of ensuring the quality of 
products in supply chains and on store shelves. Oxygen measurements are also extremely 
useful in designing and evaluating the effectiveness of solutions to protect product quality 
from the adverse effects of oxygen. In the first place, it is possible to determine the barrier 
properties of the materials used to make the packaging [9]. It has a direct effect on the amount 
of oxygen entering the packaging atmosphere. At a later stage, it is possible to determine the 
barrier of the packaging itself, including the use of different types of closures [10].  

On the one hand, this creates the opportunity to evaluate existing solutions, as well as 
control their quality in terms of repeatability of assumed barrier parameters and the 
development of new packaging materials and closures with even better properties. In addition 
packaging materials from different suppliers  can be compared in terms of reliability of the 
declared parameters and meeting the assumed quality requirements.  

Oxygen measurements are also useful in assessing the correctness of packaging processes. 
This applies particularly to widely used vacuum, modified atmosphere packaging (MAP) and 
controlled atmosphere packaging (CAP) [11, 12]. Hence, controlling the amount of oxygen in 
a packaging using one of these techniques is the basis for assessing the effectiveness of the 
packaging process used. It is also a tool to control the stability of packaging process 
parameters that determine its efficiency [13]. Oxygen measurements are also used to assess 
such modern solutions as active packaging, and in this particular case oxygen scavengers that 
remove unwanted oxygen from the packaging atmosphere. Thanks to oxygen measurements, 
their effectiveness and performance characteristics are assessed, the knowledge of which is 
necessary for the proper use of oxygen absorbers [14].  

2. Water quality 

One area where oxygen measurements play an extremely important role is water quality 
control. As is well known, water is necessary for life, used for the production of most food 
products or intended for direct consumption, and is an integral part of aquatic ecosystems. In 
the interests of our safety, water supply companies and institutions responsible for the 
environment must take care of water quality by introducing new technologies for purification 
and treatment or reclamation to ensure that water that is supplied to industry and individual 
customers or that fills rivers and water reservoirs, meets its requirements. For this reason, 
water is constantly monitored for stability of parameters determining its quality and, above all, 
safety [15].  

The quality of drinking water depends on the quality of the water coming from the intake and 
the processes used during its treatment. It turns out that the amount of oxygen contained in water 
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as the starting material for the production of drinking water is a very important indicator of its 
quality. Potable water can be obtained from water taken from various water intakes as surface 
water from rivers, lakes, retention reservoirs or as ground water from wells, e.g. deep wells. 

 In the era of increasing demand and at the same time limited access to sources of drinking 
water, resulting from the prevailing drought and the associated steppe land, it is also 
considered what seems to be very controversial for most people, even unacceptable, the use  
of municipal wastewater for production (after appropriate treatment process) of drinking 
water. In the latter case, oxygen measurements will play a key role, because oxygen is  
a specific measure of the degree of sewage pollution and its possible suitability for the 
production of drinking water.  

The amount of oxygen in water determines its microbiological purity, it also indirectly 
indicates the type of chemical impurities contained in water, and these parameters directly 
translate into water safety. This, in turn, implies the use of specific treatment methods and 
processes to obtain drinking water with acceptable parameters. In the case of drinking water, 
the amount of oxygen contained in it also affects its taste, which is especially important for 
consumers who are very often dissatisfied with it. On the other hand, it should be ensured that 
the water entering the water supply network does not contain too much oxygen, which, due to 
its oxidizing properties, is the main factor responsible for corrosion of the water supply 
network.  

3. Aquatic environment safety 

In the case of studies of the aquatic environment, i.e. rivers and water reservoirs, the 
amount of oxygen in the water filling them is considered the most important parameter [16]. 
The functioning of aquatic ecosystems and many terrestrial ecosystems depend on the amount 
of oxygen contained in water. It is oxygen that conditions the occurrence of certain species of 
fauna and flora, ranging from microorganisms, through plants, to fish and mammals. Hence, 
its quantity indicates the degree of pollution of water reservoirs, facilitates the detection of the 
source of problems and their effective solution by choosing and applying the appropriate 
method of remediation. It should be mentioned at this point that thanks to oxygen 
measurements it is also possible to control its quantity in open waters, i.e. in seas and oceans 
in which for many years an alarming, global decrease in oxygen has been observed, which 
may have unpredictable consequences for the environment [17, 18].  

Scientists warn that tens of thousands of species of living organisms are endangered, the 
existence of which determines the functioning of entire ecosystems, including those directly 
related to humans [19]. Regardless of whether the problem concerns the water we consume or 
the water in which we spend time as part of recreation, we must be sure that we are safe and 
do not risk poisoning or other danger. Oxygen measurements are used to determine three 
water parameters, namely dissolved oxygen (DO), the biochemical oxygen demand (BOD) 
and chemical oxygen demand (COD) [20]. 

4. Automotive industry 

Automotive is a field that currently could not function and develop properly without 
measuring the amount of oxygen. Despite technological progress and the introduction of new 
types of propulsion (hybrid, electric), most of the cars produced are still powered by 
combustion engines with electric ignition (gasoline engines) or compression ignition (diesel, 
or diesel). Internal combustion engines are powered by gasoline or diesel fuel, which produces 
combustion gases containing substances harmful to the environment. Some of them are 
removed by exhaust aftertreatment systems (including catalysts, particulate filters), but the 
remaining substances are released from the exhaust systems directly into the atmosphere. The 
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type and amount of these substances depends on the quality of the fuel and the combustion 
process in the internal combustion engine. 

 Refineries take care of the quality of fuels, conducting strictly controlled processes of 
crude oil processing. However, the course of the combustion process depends on the design of 
the engine and the systems controlling its operation, for which car manufacturers are 
responsible. On the one hand, they have to take care of the environment by introducing 
solutions that reduce exhaust emissions and reduce fuel consumption, so as to meet 
increasingly stringent standards imposed by various institutions. On the other hand, under the 
pressure of competition and customer requirements, they must offer cars with better 
performance. The reconciliation of these two seemingly mutually exclusive goals would not 
have been possible without the appropriate controls and monitoring of the car's engine. The 
engine control system primarily includes the engine fuel supply system and the electronics that 
manage it. He is largely responsible for engine performance (including power, torque) and fuel 
consumption. Modern engines use modern multi-point or direct fuel injection systems 
supervised by advanced electronic systems. They replaced the previously used carburetors (in 
gasoline engines) and pump injectors (in diesel engines).  

To ensure the correct and optimal engine performance from the point of view of performance 
and ecology, these systems need a lot of information from various sensors recording the 
operating parameters of individual engine components [21, 22]. Based on the obtained 
parameters, current engine operating conditions (engine speed, load, etc.) and atmospheric 
conditions, the engine control systems make corrections on an ongoing basis regarding the 
amount of fuel and air supplied to the combustion chamber and thus ensure optimal engine 
operation in given conditions. It is possible, among others thanks to the oxygen sensors 
analyzing the exhaust gases, and it results from the fact that the oxygen content in the exhaust 
gas is closely related to the composition of the air-fuel mixture that burns when the engine is 
running. Thanks to constant control of the amount of oxygen in the exhaust gas, the fuel system 
control system is constantly informed about whether the composition of the air-fuel mixture is 
optimal at any given time. This mixture must not be too low or too rich in fuel. The ratio of fuel 
and air must be such as to ensure, at a given time, at a given load of the engine, maximum 
performance of its work with simultaneous, as low as possible fuel consumption and the lowest 
possible emission of harmful combustion products from the exhaust system.  

Oxygen sensors used in cars are called Lambda probes [23]. The name comes from the 
symbol , which means the ratio of air to fuel in the air-fuel mixture. The Lambda probe was 
used for the first time in the late 1970s to meet the stringent exhaust purity requirements 
introduced in some states of North America (including California). Since 1992, they have been 
standard equipment for cars with gasoline engines, and since 2000 they have also been 
equipped with cars with diesel engines. Lambda probes are high temperature oxygen sensors, 
therefore, to ensure optimal working conditions, they are placed near exhaust gas catalysts that 
heat up to high temperatures.  

The most often used as Lambda probes are the zirconium oxygen sensors, which are a kind 
of ceramic galvanic cells [24]. Titanium-based sensors are also used [25]. For the automotive 
industry, they are manufactured by companies such as Bosch, NGK, Denso, Delphi. Given the 
number of cars traveling on the road and the fact that some of them are equipped with more 
than one Lambda probe, it can be assumed that tens of millions of oxygen sensors are used all 
over the world – in cars only. However, internal combustion engines are used not only in cars, 
but also to drive other vehicles (e.g. construction machinery, locomotives, military vehicles, 
etc.) and devices (e.g. power generators, pumps, etc.), which must also meet relevant exhaust 
gas cleanliness standards and have economical operation, and therefore must also be equipped 
with oxygen sensors to enable this. The number of oxygen sensors used in the automotive and 
heavy industries testifies to the important role they play. 
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5. Civil and military aviation safety 

Aviation is another industry where oxygen measurements are important. Airplanes have an 
advantage over other means of transport mainly due to their speed, and thus the ability to 
quickly move over huge distances in a relatively short time. Until recently, the high fuel 
consumption of aircraft engines meant that only a limited number of passengers could afford 
flights. Technical progress in the field of aircraft engine construction and construction 
materials (e.g. composite materials) has significantly reduced fuel consumption and, 
consequently, improved the economy of flights and reduced the price of airline tickets. As a 
result, traveling by plane has now become competitive for other means of transport, such as 
railways and cars. Airplanes are powered, like cars, by internal combustion engines. In large 
passenger and transport aircraft, turbo-jet and turbo-propeller engines are used, with  
a completely different design than those used in cars.  

Small planes are equipped with piston engines, very similar to car engines. However, due 
to completely different operating conditions of aircraft engines (variable pressure, 
temperature, oxygen content in the air, amount of air reaching the engine) and fuel type 
(aviation kerosene), only in a few cases oxygen sensors are used directly to control the 
operation of aircraft engines [26]. In aviation, oxygen sensors play a different, no less 
important role. Namely, they are the basis of systems directly related to the safety of travelers. 
During the actual flight, passenger planes reach a ceiling of 10,000 m and move at speeds of 
up to 900 km/h. At this altitude there are completely different conditions than on earth. First of 
all, this applies to pressure, temperature and the amount of oxygen available.  

The pressure on the ground has an average value of 1010 hPa, and at the cruising altitude 
of only 260 hPa. The temperature also drops, often reaching below -50°C. In addition, because 
of the reduced pressure, the air is thinner and contains less available oxygen, representing only 
30% of the oxygen available at sea level. In such conditions, a person is able to survive from 
several dozen seconds to several minutes. Therefore, airplanes flying at altitudes above 4500m 
have airtight (hermetic) cabins and must be equipped with special systems ensuring 
passengers conditions similar to those on the ground. They are so-called ECS (Environmental 
Control Systems) or cab supply systems [27]. They regulate all of above mentioned 
parameters, depending on the altitude at which the aircraft is at the moment.  

There are three types of cabin power systems, i.e. ventilation, recirculation and mixed. 
Atmospheric air is used in ventilation systems, but before it enters the aircraft cabin it is 
subjected to modification in terms of oxygen content and humidity, and the appropriate valve 
system regulates its pressure. As the optimal parameters (from the point of comfort and safety 
of passengers) are lost (oxygen consumption necessary for breathing, increased content of 
exhaled carbon dioxide), part of the air is released into the atmosphere, and then fresh air is 
taken in, which before it goes into the cabin is again subjected to standardization. As a result, 
the air in the passenger compartment is changed periodically.  

The advantage of this type of systems is unrestricted access to the working medium 
(atmospheric air) and relatively simple construction, however, with long flights at high 
altitudes or in the event of decompression of the aircraft, the air reaching the cabin may 
contain too high and at the same time hazardous ozone concentration. For this reason, 
recirculation (regeneration) systems in which air circulates in a closed circuit are used in 
military aircraft flying at altitudes of 20,000 m and higher. Air is cyclically regenerated, 
mainly by removal of carbon dioxide and replenishing of used oxygen. The advantage of 
regenerative systems is their independence from the atmosphere.  

The disadvantages include a larger mass (cylinders or oxygen generators) and  
a complicated structure. For the above reasons, mixed (ventilation-recirculation) systems are 
most commonly used in passenger aircraft, in which due to the partial use of the aircraft 
engine power, the required conditions can be provided in the cabin. Irrespective of the type of 
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cab power supply system, oxygen sensors are the basic element allowing for proper regulation 
of oxygen content in the air. The oxygen necessary to obtain on board the optimal, from the 
point of view of passenger safety, gas mixture, can be supplied to the cabin supply systems 
from cylinders (with compressed or liquid oxygen) or from special oxygen generators 
(OBOGS, On-Board Oxygen Generation Systems ) [28].  

Oxygen generators use air taken from the atmosphere to produce oxygen, and then – 
through the system of zeolite molecular sieves, they absorb nitrogen from the air. When the 
sieves are saturated with nitrogen, it is removed outside the aircraft and the entire cycle is 
repeated. In this way, it is possible to obtain a gas mixture with up to 95% oxygen. It is then 
mixed with atmospheric air in proportions ensuring optimal oxygen concentration at a given 
altitude. In military aircraft, flying at much higher ceilings and therefore equipped with 
regenerative cabin power supply systems, argon is most often used as a dilution agent for the 
gas mixture obtained from the oxygen generator.  

In addition to cabin supply systems, oxygen sensors are part of the so-called AEOS 
(Aircraft Emergency Oxygen System) [29]. This system monitors the conditions in the aircraft 
cabin, and in emergency situations (e.g. a sudden decrease in oxygen concentration as a result 
of decompression), provides passengers with oxygen through special oxygen masks, 
increasing the chances of survival in extreme conditions. Another element of aircraft safety, in 
which oxygen sensors and their measurements play a key role, are systems for controlling 
oxygen concentration in fuel tanks. Thanks to them the danger of explosion of the fuel tank is 
minimized. Depending on the distance they have to travel, passenger planes can have up to 
200,000 liters of fuel in their tanks. Paradoxically, the danger of explosion of fuel tanks 
increases as the amount of fuel in them decreases. Then the vapors of the remaining fuel 
accumulate in the free space of the tank. It is the vapors that constitute an explosion hazard.  

The explosion can occur as a result of a flashover from a wiring harness running in the fuel 
tank, whose insulation has been mechanically damaged (e.g. as a result of vibration, 
temperature changes, etc.). Another cause of explosion may be electrostatic charges arising as 
a result of friction of parts made of various materials (e.g. in fuel pumps) or as a result of 
atmospheric discharges to which the aircraft may be exposed during a flight. In addition, self-
ignition of the fuel vapor and air mixture may occur under the influence of heat. Fuel tanks are 
most often placed in the wings of aircraft, whose leading edges at high speeds are significantly 
heated due to friction arising during contact with the flowing air.  

In addition, in most cases, the engines (which are also a source of heat) are mounted on the 
wings. Therefore, the aircraft are equipped with special fuel tank inertisation systems 
(OBIGGS, On-Board Inert Gas Generation Systems). They are based on oxygen sensors that 
monitor oxygen concentration inside fuel tanks [30, 31]. Oxygen with fuel vapors creates  
a mixture that has explosive properties at a given oxygen concentration. Oxygen sensors 
activate the fuel tank neutralization system in advance and thus prevents the formation of an 
explosive mixture. The neutralization system removes oxygen from the fuel tank space and 
fills it with neutral gas, most often nitrogen. Nitrogen is obtained mainly from atmospheric air 
via nitrogen generators scavenging oxygen [32]. 

6. Maritime transport and navy 

The problem of vapor explosion also applies to ships, in particular tankers, carrying tens or 
even hundreds of thousands of tons of crude oil. Similarly to airplanes, tankers after unloading 
pose a particular threat. Tens of thousands of cubic meters of potentially explosive vapors are 
found in their empty tanks. Therefore, it is necessary to control oxygen concentration 
analogous to that of airplanes and to maintain its amount at a non-explosive level.  

It is possible thanks to dedicated oxygen sensors connected to warning systems against 
explosion hazard and systems inerting tanks of tankers with inert gas [33, 34]. Oxygen 
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measurements are also used in military and civil submarines. Like airplanes, submarines are 
often exposed to extreme conditions. In this case, the conditions get worse as the immersion 
increases. First of all, in the deep sea, submarines are subjected to enormous pressure, which is 
why they must have an extremely durable construction. Hence, titanium and its alloys are 
widely used for the production of internal hulls of submarines. Similarly to airplanes, another 
problem is oxygen deficiency. Unlike airplanes, however, submarines do not have the 
opportunity to use atmospheric air to create crew conditions that enable them to maintain their 
vital functions. For breathing purposes in small submarines (so-called bathyscaphes) 
commonly used are the cylinders containing compressed gas mixtures (similar to those used 
by scuba divers).  

The bathyscaphs, with the help of which some research works are carried out and related to 
the control or assembly of underwater equipment (e.g. pipelines, elements of drilling 
platforms), however, stay under water only from a few minutes to several dozen hours and the 
said solution based on cylinders is sufficient. The problem arises in the case of war 
submarines, which are currently equipped with a virtually unlimited energy source (nuclear 
reactors) and thus can participate in missions lasting up to several months without the need to 
surface. In this case, cylinders are an insufficient source of oxygen, not only because of the 
time spent under water, but also because of the much larger crew, often more than 100 sailors.  

Ensuring the right composition of the atmosphere for so many people requires the use of 
efficient systems working in a closed system, which are part of the so-called life support 
system. As in airplanes, the composition of mixtures breathed by the crew must be monitored 
and adjusted on an ongoing basis so as not to endanger the health or life of seafarers. Oxygen 
sensors, which control the oxygen generating and dosing system, again play a key role here. 
Oxygen is most often generated in the process of sea water electrolysis or obtained as a result 
of specific chemical reactions in a continuous or cyclical manner [35, 36]. 

7. Scuba diving safety 

Scuba divers are struggling with similar problems to submarines’ sailors. Regardless of 
whether the diving is purely recreational or related to underwater work (e.g. assembly, 
welding), it is accompanied by the need to breathe underwater. Scuba divers use the so-called 
breathing apparatus or devices. These devices can work in an open, semi-closed or closed 
circuit and are connected to cylinders containing gas mixtures (open apparatuses) or gases 
used to obtain gas mixtures (semi-closed and closed apparatuses), allowing diving at 
considerable depths. With the depth of the dive, the pressure also increases, and therefore the 
diver's oxygen demand changes, and nitrogen, which is the dominant component of air, begins 
to exhibit narcotic properties. Accordingly, scuba divers, depending on the depth of the dive, 
must use different gas mixtures.  

It is assumed that compressed air can be used up to a depth of 50 m. Currently, however, it 
is increasingly replaced with a mixture of nitrogen and oxygen (so-called nitrox) with 
increased oxygen content, most often 32% or 36%. Reducing the amount of nitrogen in the 
mixture improves properties for diving up to a depth of 40 m. When diving below 50 m, the 
narcotic effect of nitrogen increases, and oxygen (in too high a concentration) begins to show 
toxic properties. It is then necessary to use a ternary mixture (so-called trimix) containing, in 
addition to oxygen and nitrogen, also helium, which allows to reduce the proportion of other 
gases. It is also possible to use a two-component mixture (so-called heliox), containing only 
oxygen and helium. There is no problem of nitrogen narcosis with this mix. However, helium 
has a high thermal conductivity, which causes increased lung heat dissipation during the dive, 
which can lead to hypothermia. In addition, it is necessary to use special accessories 
(including pumps) to obtain the correct gas mixture pressure.  
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For deep dives – up to 150 m, mixtures of neon with oxygen (so-called neox) or hydrogen 
with oxygen (so-called hydrox) are used. Hydrogen with oxygen may, however, form an 
explosive mixture, which significantly hinders the use of the said mixture and requires the 
prior use of additional purge mixtures in the respiratory system. Below 150 m, hydrogen also 
begins to show a narcotic effect, much more dangerous than that of nitrogen. Therefore, if 
there is a need to dive at even greater depths, ternary mixtures (the so-called hydreliox) are 
used, which contain helium as well as oxygen and hydrogen. This allows diving in extreme 
conditions, even to a depth of 700 m. Regardless of the depth of the dive and the mixture used, 
it is necessary to constantly monitor the concentration of oxygen – gas which is necessary for 
life processes, but only in a certain amount. For this reason, scuba divers use oxygen sensors, 
which are most often a permanent element of the equipment supplying the breathing mixes to 
the air apparatus. Thanks to this, they can constantly monitor the concentration of available 
oxygen and on this basis decide whether to continue or need to stop the dive before the oxygen 
concentration reaches a value that threatens health or even life.  

Oxygen meters are also an indispensable element of the more and more often used 
breathing apparatus working in closed or semi-closed circuit (so-called rebreather). In their 
case, there is full or partial regeneration of the gas mixture that the diver breathes. The carbon 
dioxide produced during breathing is absorbed by special absorbers, and the consumed oxygen 
is supplemented from the oxygen cylinder via an oxygen dosing system controlled by  
a microprocessor based on the oxygen sensor.  

The advantage in this case is much less consumption of gas mixtures, and thus the 
possibility of prolonged staying under water. Additionally, scuba divers breathe a warm and 
humid air substitute, which improves the heat balance and reduces the risk of potential 
dehydration. The breathing apparatus working in a closed circuit also provides quieter and 
bubble free operation in comparison to classic breathing apparatus. However, they are much 
more expensive than conventional breathing apparatus, require the use of additional 
consumables (e.g. CO2 absorber refill), are more complicated to operate, and in the case of 
damage to the oxygen dosing system, hypoxia or too high oxygen concentration (hyperoxia) in 
the body may occur, which are life threatening for divers. Therefore, breathing apparatus 
working in a closed circuit requires periodic inspection, specialist and costly maintenance and 
systematic replacement of oxygen sensors, which due to the principle of operation, lose their 
accuracy over time [37-39]. Specialists in the production of oxygen sensors and meters 
dedicated to scuba divers are, among others Teledyne Instruments, NRC, Greisinger Electronic 
GmbH and Narked at 90. 

8. Energy production efficiency and safety 

The energy industry is another area of use for oxygen measurements. Contemporary 
energy, despite the growing share of ecological and renewable energy sources (e.g. 
hydroelectric power plants, wind farms, solar cells, biomass and biofuels, geothermal energy), 
is still largely based on non-renewable fossil fuels. Crude oil, hard coal and lignite, natural gas 
and ores of radioactive elements (e.g. uranium, plutonium), which are the raw material for the 
production of nuclear fuel, are used for this purpose.  

Regardless of the type of fossil fuel, electricity is generated in power plants powered by 
them as a result of the transformation of thermal energy (obtained as a result of combustion or 
nuclear reactions) indirectly into mechanical energy (driving steam or gas turbines and 
connected generators), and ultimately (in powered generators turbines) for electricity. Due to 
the huge demand for electricity and the associated consumption of energy carriers, it is 
necessary to optimize the processes of obtaining energy so as to maximize the use of limited 
natural resources while minimizing the emission of harmful gases into the atmosphere. This is 
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possible thanks to the use of oxygen sensors supervising the combustion processes in coal, oil 
and gas power plants.  

Oxygen sensors, just like in cars, on the one hand allow the combustion of these fuels with 
maximum thermal efficiency, on the other hand they allow the combustion processes to be 
carried out in such a way that the resulting gases are as low-toxic as possible or easy to 
neutralize [40]. In addition, they are widely used to monitor oxygen concentration in water 
used for electricity production. This is extremely important because virtually the entire 
installation (pipes, tanks, heat exchangers, boilers, turbine blades), in which water or steam 
flows, is made of metal, usually steel. Water, whose temperature in some elements of the 
power plant exceeds even 300°C (e.g. superheated steam), containing too much oxygen, is an 
extremely aggressive, corrosive factor. An excellent example are combined heat and power 
plants, which produce, in addition to electricity, thermal energy, in which water is its carrier 
distributed over dozens, and often even hundreds of kilometers of heating installations. From 
here, water installations of power plants and combined heat and power plants are equipped 
with oxygen sensors and water deoxidizing systems. In addition, oxygen sensors act as an 
element of the safety system in power plants. They are used to control the amount of oxygen 
in storage places (e.g. tanks, silos) or to prepare fuel for combustion processes (e.g. 
comminution) and warn of excessive oxygen concentration, which may lead to an explosion 
(e.g. coal dust) [41]. In nuclear power plants, on the other hand, oxygen concentration is 
controlled due to the potential explosion hazard of an oxy-hydrogen mixture [42].  

Water is used as a cooling and moderating factor for nuclear reactors, which under the 
influence of high temperature in reactor cores is partially broken down into oxygen and 
hydrogen. Hydrogen is a danger in itself because it is an odorless and flammable gas, while in 
combination with the right amount of oxygen it creates an explosive mixture. In nuclear power 
plants, in addition to the risk of explosion, there is also the associated potential risk of 
radioactive contamination in a large area. Hence, oxygen measurements in nuclear power 
plant installations are an extremely important tool that determines the safety, often hundreds 
of thousands of people.  

9. Mining industry 

The need to control the amount of oxygen also applies to the mining industry, which 
extracts fossil fuels for energy, industry and transport. In this case, the area of use of oxygen 
sensors is primarily safety. The extraction, transport and storage of the aforementioned fossil 
fuels is associated with many risks. Hard coal mining is particularly dangerous. Due to the 
exploitation of easily accessible deposits, coal is extracted (especially in Poland) at ever 
greater depths. With depth, the temperature increases and the amount of available oxygen 
decreases. Mines must be equipped with special ventilation systems that, with the help of fans 
and other devices (e.g. partitions, dams, lutes) supply atmospheric air to individual pavements, 
shafts and excavations to ensure safe working conditions for miners.  

Ventilation is necessary not only because of the need to provide a minimum oxygen 
concentration to allow free breathing, but also because of the need to remove toxic gases 
(including carbon monoxide and dioxide, methane, hydrogen sulfide, nitrogen oxides, sulfur 
oxide) emitted from rock mass [43]. Methane and hydrogen sulfide combined with oxygen 
additionally constitute an explosion hazard. In some places of the excavation, however, the 
ventilation system is not able to provide the optimal amount of oxygen and for this reason 
miners must use special oxygen apparatuses. Due to the above, various types of oxygen 
sensors are commonly used in hard coal mining to monitor its quantity and control devices 
directly or indirectly responsible for the safety of underground work. Oxygen sensors are also 
part of the equipment (e.g. oxygen apparatuses) of mining rescue services, thanks to which it 
is possible to reach miners whose health or life is at risk.  
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Similar equipment is also used in the units of the state and volunteer fire brigade during 
firefighting in conditions of strong smoke (e.g. inside residential buildings, production halls, 
etc.). The need for continuous control of the amount of oxygen also occurs during the 
extraction of crude oil and natural gas. In this case, oxygen is one of the main factors 
responsible for the corrosion of oil and gas pipelines, which transport the extracted raw 
material [44, 45]. This is due to the fact that natural gas and oil, in addition to valuable 
hydrocarbons, also contain other substances (e.g. water, carbon dioxide, hydrogen sulfide and 
others), which in combination with oxygen are extremely aggressive corrosive agents. 
Corrosion losses from oil and gas transport installations are calculated in hundreds of millions 
of dollars a year [46, 47]. Mining companies are therefore investing enormous money in 
monitoring systems and the elimination of oxygen from transmission installations. 

10. Petrochemistry 

Direct oil and gas processors, i.e. refineries and gasworks, also face similar problems. In 
this case, there is also the problem of potential corrosion of the production (e.g. reactors, 
distillation towers) and transmission (pipelines, valves) infrastructure caused by the presence 
of oxygen in raw materials and some intermediates [48].  

In addition, oxygen is often a fire and explosion hazard. This is due to the fact that beside 
fuels (gasoline, diesel oils, aviation kerosene), the petrochemical industry also produces huge 
amounts of other flammable and explosive products (e.g. liquefied gases, solvents), which due 
to their properties cannot have direct contact with oxygen. Hence, in refineries, deoxidizing 
production installations and filling them with inert gases (e.g. nitrogen) is widely used to 
minimize the risk of fire or explosion [49]. These processes are also supervised by various 
types of oxygen sensors [50, 51].  

11. Wood, grain and plastics industry safety 

It turns out that not only the petrochemical industry is exposed to potential fires and 
explosions. Such threats also occur in those industries in which raw materials and loose or 
dusty products are stored. This applies primarily to the wood, grain and milling industries, and 
plastics processing. This is due to the presence of dust from raw materials and products 
derived therefrom, which accumulates and/or floats during storage and various production and 
transport operations, forming an explosive mixture with air.  

In the wood industry, wood dust is generated in woodworking processes (e.g. cutting, 
grinding, comminution). It is also stored in silos and used as a raw material for the production 
of wood-based products (e.g. fiberboard, MDF, etc.). In the grain and milling industry, dust 
accompanies grains and products of their processing (e.g. flours, groats, flakes) stored in silos. 
The storage and processing of cereals with a high fat content (e.g. corn) is particularly 
dangerous. In this case, microscopic fat droplets also float in the air with the dust, which 
increases the risk of explosion. Dust also accompanies storage in silos and transport of raw 
materials (e.g. granules, fibers and other fillers, etc.) for plastics processing. Therefore, in 
these industries installations are used to prevent the formation of explosive mixtures of air, 
dust and other substances released from wood, grains and plastics. These include ventilation 
systems, neutralizing and controlling the atmosphere in silos and other production equipment.  

Oxygen sensors are particularly important in this case, where safe oxygen concentration 
should not exceed (depending on the stored material) from 2 to 5%. In this case, oxygen sensors 
play a dual role – on the one hand, they warn against dangerous oxygen concentration, and in 
addition they activate installations supplying inert gases (e.g. nitrogen) to places where dust 
occurs, in order to reduce oxygen concentration and minimize the risk of explosion [52, 53].  
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12. Control of the production process 

In industry, oxygen sensors are not only an integral part of safety systems, but also an 
important element of controlling the course of production processes. Oxygen is often the 
determining factor in production efficiency and product quality. Oxygen sensors supervise, 
inter alia, high-temperature processes taking place in steel plants (including steel, aluminum, 
copper, glass), zinc plating plants, ceramics (construction, sanitary, pottery) and cement plants 
[54]. Due to the scale of production, these plants use huge amounts of heat energy obtained 
from the combustion of various types of fuels (e.g. natural gas, wood waste and others). 
Oxygen sensors regulate the ratio of air and fuel, ensuring their optimal proportion, and as  
a result allow to obtain and maintain the required temperature with minimal fuel consumption.  

In addition, oxygen sensors contribute to environmental protection by reducing the toxicity 
of emitted gases. This is especially useful in cement plants, where the type and, thus, the 
properties (e.g. calorific value) of the fuel used change continuously. This makes it necessary 
to constantly change the combustion conditions, which would not be possible without oxygen 
sensors. In addition, oxygen content is also an important indicator of the quality of some semi-
finished products and metallurgical products (e.g. oxygen-free copper, aluminum, steel) or 
used in the production of auxiliary materials (e.g. tin in the production of float glass) and must 
therefore be constantly monitored [55]. Oxygen sensors of various types also supervise the 
production processes taking place in food industry plants, including the brewing, spirits, yeast 
and wine industries. Oxygen affects, among others on the course of the alcoholic fermentation 
process, development of yeast and sensory quality of beers and wines [56-60].  

13. Medicine safety 

Oxygen measurements also play an extremely important role in modern medicine. They 
are used, among others in monitoring the course of operations, anesthesiology and medical 
analytics. Depending on the type of surgery, the patient's condition, the type of therapy used 
and pharmacological agents, medical gas mixtures are commonly used during medical 
procedures, showing therapeutic effect or supporting patients' vital functions.  

The composition of the mixtures must be monitored on an ongoing basis to create optimal 
conditions for conducting therapy or surgery and at the same time guarantee the safety of the 
hospitalized person. Some gas mixtures (e.g. containing nitrous oxide) are also used directly 
for anesthesiology.  

Virtually all of them contain oxygen in their composition, whose concentration must be 
strictly determined and therefore constantly monitored. Due to the need to adapt the 
composition of the mixture to a given medical case, in many hospitals gas mixtures are created 
on a regular basis from individual component gases, using special mixing devices. Oxygen 
sensors play a key role in the latter case. Oxygen measurements are also made for analytical 
purposes, including in body fluids (e.g. in the blood) to assess the efficiency of individual 
organs and systems, and on this basis to determine the patient's general health condition and 
make a diagnosis and/or decide on the need for specialist pharmacological, outpatient, surgical 
or surgical treatment [61-63].  

14. Control of life processes 

Oxygen measurements are also used (including biology, the food industry and medicine) to 
characterize the life processes of various organisms. Oxygen concentration is determined in 
tissues, organs, body fluids, surrounding organisms (e.g. bacteria and fungi) and on this basis 
the effect of oxygen on the survival, reproduction and development of individual organisms 
and their metabolism, including the absorption of specific nutrients and active substances is 
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determined [64-67]. This contributes to the development of new methods for environmental 
protection and restoration (e.g. water, soil, forests), increase in efficiency and quality of 
production processes using microorganisms in the food industry (e.g. dairy), development of 
new treatment methods and pharmacological agents, eliminating hazards caused by some 
microorganisms (including pathogenic) and by-products of their physiological processes  
(e.g. toxins). 

15. Space exploration 

Oxygen measurements have also been used to explore the universe around us. Modern 
astronautics uses them. Rockets and space ferries are sent into space, acting as carriers of 
equipment (e.g. satellites, telescopes, orbital station components) and supplies (e.g. food for 
astronauts, spare parts, etc.). This is carried out as part of unmanned and manned flights. 
Further space expeditions (e.g. to Mars) are planned to enable better understanding of the 
cosmos, its structure and laws governing it, searching for alternative sources of water and 
energy, assessing adaptability to extraterrestrial conditions, and perhaps finding traces of 
extraterrestrial civilizations. In space, however, there are unfavorable conditions (including 
practical lack of atmosphere, high vacuum, cosmic radiation) in which human functioning 
without proper so-called life support systems would be impossible. Therefore, during manned 
flights, the aforementioned spacecraft and space suits are equipped with them, enabling 
astronauts to work safely in space.  

Life support systems provide astronauts with adequate pressure, temperature, humidity and 
atmospheric composition. In the latter case, their operation is similar to systems used on 
aircraft, but due to the extreme conditions in space, only closed (regenerative) systems are 
used. They are equipped with installations dosing individual components of the atmosphere 
(e.g. oxygen necessary for breathing) and removing undesirable substances (e.g. carbon 
dioxide) from it. For the proper operation of these installations, oxygen sensors that control 
the optimal concentration of oxygen in the atmosphere prevailing on board spacecraft and 
supplied to astronauts' suits and additionally controlling the devices responsible for the 
composition of this atmosphere, are needed.  

Considering the fact that astronauts often spend several months in space, breathing 
artificial atmosphere created with the use of oxygen sensors, their importance cannot be 
overestimated [68-70]. In addition to guaranteeing astronauts conditions that allow free 
operation in space, oxygen sensors and their measurements also fulfill other extremely 
important functions for astronautics. Space travel would not be possible without appropriate 
engines that overcome the barrier of gravity, and then travel at speeds of up to several 
thousand kilometers per hour. Despite enormous progress in the field of propulsion of 
spacecraft, their basis is still mostly liquid-fuel rocket engines. The driving force arises in 
them as the effect of burning a mixture of liquid hydrogen and oxygen, and as a result of the 
creation of a huge pressure of exhaust gas, allowing for sufficient thrust.  

The process of rocket fuel burning, although it occurs rapidly, must be constantly 
monitored – in such a way as to ensure optimal recoil energy on the one hand, and additionally 
extend the range of the aircraft to the maximum so that it is possible to complete the assumed 
space mission. This function is again fulfilled by oxygen sensors that analyze the process of 
rocket fuel combustion and control the operation of systems responsible for the proper and 
efficient operation of rocket engines. 

16. Conclusion 

The examples cited above confirm the wide spectrum of applications and testify to the 
great social, practical and economic importance of oxygen measurements. They are used in 
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many industries to control product quality and oversee many significant production processes. 
They play a special role in the science of quality, where they are used mainly for packaging 
evaluation and development and also in creation and assessment of product quality.  

Oxygen measurements are also used to control the quality of drinking water and that filling 
rivers, lakes, seas and oceans. This is of great social importance, because it contributes to 
improving the quality of life and protecting the natural environment around us.  

The benefits of oxygen measurements are also used in, among others, modern automotive, 
aviation, maritime transport, energy, mining and petrochemical industries, as well as in the 
army, medicine and astronautics. The continuous development of science and technology 
means that oxygen sensors and measurements carried out through them are finding new and 
often surprising applications, and therefore their potential is still inexhaustible. 
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Summary 

The work presents various practical applications of oxygen measurements used to ensure 
the quality and safety of processes, products and services. Both more and less known 
applications of oxygen measurements are presented, but all of them of great practical and 
economic importance. The use of oxygen measurements was presented, among others in the 
quality control of packaging and food products, water quality control, environmental 
protection, automotive, aviation, maritime transport, energy production, mining industry, 
petrochemicals, medicine and other important fields. Attention was paid to the economic and 
social aspects of oxygen measurements. 
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POMIARY TLENU W ZAPEWNIENIU JAKOŚCI I BEZPIECZEŃSTWA 
PRODUKTÓW I USŁUG 

Streszczenie 

W pracy zaprezentowano różne praktyczne aplikacje pomiarów tlenu wykorzystywane do 
zapewnienia jakości oraz bezpieczeństwa procesów, produktów i usług. Przybliżono zarówno 
bardziej, jak i mniej znane zastosowania pomiarów tlenu, wszystkie jednak o ogromnym zna-
czeniu praktycznym i gospodarczym. Przedstawiono wykorzystanie pomiarów tlenu m.in.  
w kontroli jakości opakowań i produktów spożywczych, kontroli jakości wody, ochronie śro-
dowiska naturalnego, motoryzacji, lotnictwie, transporcie morskim, wytwarzaniu energii, 
przemyśle wydobywczym, petrochemii, medycynie i wielu innych ważnych dziedzinach. 
Zwrócono uwagę na ekonomiczne i społeczne aspekty pomiarów tlenu. 
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Introduction 

In recent years, human activities have contributed to 
enormous pollution of the natural environment, which 
has become a serious global problem requiring the 
search for solutions and rapid action. Constant 
population growth, civilization development, changing 
productivity and more and more irresponsible 
consumptionism, wealthy lifestyle, consumption of 

natural resources and continuous 
development of industrial tech-
nologies are factors favoring the 
rapid production of municipal 
and industrial waste. Released to 
the aquatic environment of toxic 
pollutants, such as heavy metals, 
dyes, pesticides, pathogenic 
microorganisms, phenols, 
detergents and other organic and 
inorganic chemical compounds 
leads to serious disturbances in 
environmental balance, creates 
the risk of ecotoxicity and the 
potential danger of 
bioaccumulation. Transport of 
these pollutants through the food 
chain negatively affects the 
health of humans, animals and 
other terrestrial and aquatic 
organisms. Among these 
impurities, heavy metal ions are 
one of the most dangerous 
because of their toxic and 
carcinogenic nature. They are not 
biodegradable and have the 
ability to bioaccumulate, and 
therefore exist in the environment 
and the food chain for a long time 
[1]. 

According to the World 
Health Organization (WHO), it is 
estimated that about 2.6 billion 
people live in the world without 
adequate sanitation (42% of the 
global population), and around 
1.1 billion people do not have 
access to any type of improved 
drinking water facility. In 
addition, according to estimates, 
by the mid-21st century, at least  
7 billion people in sixty 
countries, and a maximum of  
2 billion people in forty-eight 
countries will have had water 
scarcity [2]. In accordance with 
the United Nations World Water 
Development Report, 2 million 
tons of waste get into water 
bodies daily, including dyes, 
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various chemical substances, industrial, household and agricultural waste (pesticides, 
fertilizers). There are around 8 – 10 thousand different types of commercial dyes and pigments 
that over 700 thousand tons per year worldwide are produced. Over 600 types of organic and 
inorganic impurities have been found in water and microbial populations [3]. In general, water 
pollution has been classified into four categories: organic, inorganic, various and biological. 
According to statistics, water pollution causes the deaths of over 14 thousand people a day 
worldwide [4]. 

Many conventional methods are currently used to remove impurities from wastewater, 
such as ion exchange, membrane separation, chemical precipitation, oxidation, 
electrochemical treatment, coagulation and flocculation, photochemical methods, irradiation 
method, biological treatment methods or fenton’s reagents. However, these processes are 
either expensive and cannot be effectively used to treat wastewater from all types of pollution. 
The cost of water treatment using these techniques ranges from 10 to 450 $/m3 of treated 
water. For this reason, adsorption processes, which are considered very effective and 
economical, are gaining more and more interest in the long run. The cost of water treatment by 
adsorption is estimated to be between 5 and 200 $/m3, and therefore cheaper than conventional 
methods. This process is advantageous mainly due to the high efficiency of removal of 
impurities such as heavy metals, simplicity of operations and process costs, which are very 
low due to, among others, the use of low-cost adsorbents [4]. 

This article reviews the usefulness of low-cost adsorbents from agricultural waste and 
industrial by-products as alternative adsorbents for wastewater treatment. A literature review 
was conducted on the various attributes and potential of using raw low-cost adsorbents in 
adsorption processes for the removal of many impurities, including heavy metals. In addition, 
the purpose of the study was to conduct a cost analysis of commercial and waste adsorbents to 
indicate the economic justification and emphasize the importance of these materials. 

1. Contaminants in wastewater 

Generally speaking, the term 'contaminant' means a substance or material that changes the 
natural quality of the environment by biological, chemical or physical means. Pollution occurs 
virtually everywhere, i.e. in air, soil and water. Human activity is mainly associated with 
agricultural, industrial and domestic activities, in which a large amount of water is used, which 
in turn is discharged in the form of sewage containing various types of contaminants. These 
include biological, organic and inorganic chemical substances, but also radiation and heat [2]. 

A favorable situation is when the water temperature is subjected to minimal fluctuations or 
is constant. Water is an excellent cheap coolant due to its high heat capacity. Various 
industrial plants take away waste heat by exchanging heat with water that is discharged into 
wastewater. The high temperature of this wastewater has an impact on aquatic life and is a 
catalyst for initiating many chemical and bacteriological reactions, such as faster corrosion 
processes and trihalomethane (THM) formation [2]. 

Sewage water and domestic effluents contain many different types of microorganisms, 
whose composition depends on the source of the waste water, type of industry. The 
biologically active agents include Escherichia coli, Salmonella typhosa, Vibrio comma, 
Shigella dysenteriae, Yersinia enterocolitica, etc., which require removal. Microorganisms 
cause many dangerous diseases, such as jaundice, dysentery, typhoid fever, cholera, 
gastroenteritis and others [2]. Some microorganisms present in wastewater are used in a useful 
way to produce bioenergy, for example: algae (domestic wastewater), microalgae (municipal 
wastewater), lactic acid bacteria (cassava flour wastewater), Saccharomyces cerevisiae MAK-1), 
Stenotrophomonas bacterial strains (food processing wastewater), UMN266 microalgal strain 
(synthetic wastewater), microbial fuel cells, Chlorella protothecoides, E. aerogenes HU-101, 
Klebsiella pneumoniae, Anaerobic bacteria consortium (brewery wastewater) [5]. 
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Chemicals entering wastewater may be in a dissolved or undissolved form. Suspended 
solids cause clouding of water, as well as the formation of silt as a result of slow settling. 
Suspended solids clog the waterways, fill the dams, and are harmful to aquatic organisms. The 
most common chemical substances soluble in wastewater include heavy metals, detergents, 
polychlorinated biphenyls (PCBs), pesticides, phenols, dyes and many more [2, 6]. 

Synthetic and natural dyes are important substances produced on an industrial scale and 
used in many everyday products. Currently, more than 8 thousand different types of dyes are 
known, both soluble and insoluble in water. They are mainly used in the pulp, paper, textile, 
dyeing, tanneries and other industries. Hence, large amounts of dyes from these industries and 
plants producing them generate disturbing pollution. Their presence is toxic to aquatic life, but 
also gives the water different color, which is an aesthetic problem [7]. 

Phenols are another toxic impurity even at low concentrations, which have an unpleasant 
taste and smell, cause many serious diseases, including cancer. The chemicals get into the 
wastewater as a result of processes in the chemical, dyeing, pesticides, cellulose and paper 
industries, as well as resin, painting, gas and coke industries [8]. 

One of the most toxic impurities present in wastewater are heavy metals, such as Pb, Cu, 
As, Cd, Fe, Mn, Ni, Cr, Co, Mo, Hg, Mn, V, Bi. The type and amount of metals is directly 
related to the processes carried out in various industries, e.g. mining, dyeing, photographic, 
electroplating, tanning, glass, ceramics, batteries. As a result of irresponsible activities of 
entrepreneurs, industrial plants and many people, metals get into the natural environment, 
ground and surface waters, and thus enter the food chain and become a health problem for 
humans and other living organisms, causing various diseases, disorders and even death [9]. 

In addition to the basic substances listed above, there are many others that are significant 
environmental pollutants, such as: radioactive substances (coming from hospitals, research 
laboratories, nuclear power plants, ore processing industries), synthetic and natural detergents 
(from pharmaceutical, chemical and other industries may contain them), polychlorinated 
biphenyls (PCBs, coming from glass ceramics, plastic and other types of coatings, sealants, 
flame proof paints, brake linings, varnishes, grinding wheels, electrical equipments), 
pesticides (classified as nematicides, avicides, rodenticides, slimcides, bactericides, 
insecticides, piscides, fungicides, molluscides, herbicides and algicides; mainly coming from 
pesticide manufacturing plants and agricultural operations). Other chemical compounds 
coming from different industries are also worth mentioning, including trihalomethanes, 
tetrachloroethylene, trichloroethylene, benzene, toluene, xylene, biphenyls, chloroxylene, 
cholorotoluene, cholorobenzene, dicholorobenzene, bromocholoromethane, dibromomethane, 
tetrachloromethane, phenantherene, fluorene, naphthalene, acenaphthene, alicyclic 
hydrocarbons, ketones, esters and aldehydes [2]. 

2. Wastewater treatment techniques 

There is still a great need for wastewater treatment from pollution to reuse before mixing 
with natural water resources containing good quality water due to the constantly increasing 
demand for good quality drinking water and water for industrial purposes. There are four main 
groups of methods used to remove contaminants in wastewater treatment plants: biological 
processes, physicochemical processes, nuclear treatment and electromagnetic, electrical and 
acoustic processes. However, currently known industrial methods include the following: 
bacterial treatment, microbial reduction, aerobic and anaerobic treatment, activated sludge, 
coagulation, filtration, ultrafiltration and dialysis, reverse osmosis, evaporation, oxidation 
using chlorine, ozone, hydrogen peroxide and chlorine dioxide, foam flotation and 
photochemical reactions, ultrasonic treatment, electrolysis, magnetic separation, irradiation by 
nuclear radiations and electrodialysis, ion exchange, solvent extraction, and adsorption [2]. 
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These methods of removal and separation of impurities can be found in various industrial 
plants. However, adsorption processes deserve special attention, as they are one of the most 
effective, easy-to-use, cheapest and widely used methods. 

3. Adsorption and biosorption processes 

Adsorption and biosorption are mass transfer processes that refer to the accumulation of 
substances at the interface of two phases, including gas-liquid, liquid-liquid, gas-solid or 
liquid-solid interface. Biosorption is a physico-chemical process based on a variety of 
mechanisms, including adsorption, absorption, ion exchange, surface complexation and 
precipitation. Biosorption can be defined as the ability of biological materials to bind heavy 
metals from wastewater by metabolic or physico-chemical pathways [10]. In this type of a 
process, the adsorbing material is called the adsorbent, while the substance being adsorbed is 
the adsorbate.  

Porous or finely divided adsorbents are able to bind more adsorbate particles due to the 
relatively large exposed surface. In case of heavy metals, the diameter of their ions also affects 
the efficiency of the process. Each adsorbent and adsorbate has different physicochemical 
properties and they depend on many factors. Moreover, these properties affect the interaction 
between them, so this results in the occurrence of different types of processes.  

The adsorption process is called chemisorption if the attraction between the molecules and 
the adsorbent surface is due to the formation of chemical bonds. A monolayer is formed on the 
surface, and chemisorbed particles are difficult to remove due to stronger attraction forces. In 
turn, physical adsorption occurs when the interaction between a solid surface and adsorbed 
particles is physical and is called van der Waals forces. This interaction is weak, so the 
process can be reversible. This process is exothermic, because there is a decrease in free 
energy and entropy of the adsorption system [11, 12]. 

4. Recycling of adsorption materials 

Currently, while promoting sustainable economy and circular economy, a significant 
proportion of all food waste has been still stored in landfills in many countries around the 
world. During storage, the waste decomposes and releases many toxic substances into the 
environment, as well as harmful gases, such as methane or carbon dioxide, contributing to 
global warming. According to the European Union’s suggestion, it is recommended to reduce 
the mass of waste in combustion processes, in which fly ash and slag are the products [3]. 
Another solution is the recycling of organic waste as raw materials for the production of 
activated carbon (AC), which brings many benefits, including minimizing waste storage and 
problems related to the pollution of agricultural waste and by-products, as well as economic 
benefits [13, 14]. An example of waste that can be used to produce AC is dry leaves of plants 
(called forest wastes) abundantly occurring in the autumn as a result of natural falling to the 
ground.  

The leaves are known as low-cost biological waste and are recommended as biosorbents 
for removing heavy metals and organic pollutants [15, 16]. Figure 1 illustrates the possible 
directions of application of agricultural waste and by-products. In turn, Figure 2 indicates the 
possibility of recycling these waste materials as the main precursor for the synthesis of AC by 
carbonization or as raw materials that do not require high processing, and then can be used as 
adsorbents to remove impurities. 

The design and realization of the adsorption process on a laboratory scale does not pose 
great difficulties, hence the operating costs are low. The largest part of the total costs is 
generated by commercial adsorbents (e.g. activated carbon) and, additionally, the cost of their 
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regeneration. To reduce these costs, other alternative adsorbents that were much cheaper than 
commercial products have been sought.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  A schematic general diagram of the possible use of agricultural waste and by-products 
Rys. 1.  Schematyczny ogólny diagram możliwego zastosowania odpadów rolnych i produktów ubocznych 
Source: own study based on references [3, 17]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  General recycling scheme of agricultural waste and by-products 
Rys. 2.  Ogólny schemat recyklingu odpadów rolnych i produktów ubocznych 
Source: own study based on references [3, 17]. 
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Biomass materials that were available in nature aroused great interest (e.g. leaves, bark and 
tree branches, etc.) and began to be sought among agricultural waste, waste and by-products 
from various industries (e.g. fruit and vegetable and food industries), household waste or 
sewage sludge. Such materials were subjected to small processing in order not to add 
additional costs to the process. Based on many scientific studies, a general diagram of the 
stages of the process procedure of low-cost adsorbents and their application for wastewater 
treatment has been suggested and presented in Figure 3 [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Stages of the process procedure of low-cost adsorbents and their application to wastewater treatment 
Rys. 3.  Etapy postępowania procesowego tanich adsorbentów i ich zastosowania do oczyszczania ścieków 
Source: own study based on reference [2]. 
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a specific availability and a specific chemical structure. The first group includes many natural 
materials (e.g. brown coal, hard coal, peat, wood, bark, etc.), agricultural, industrial, 
household waste and by-products (e.g. fly ash, slag, sludge, bagasse fly ash and fly ash from 
other biomass, red mud, etc.), as well as synthesized products. The second group includes 
organic and inorganic materials. It is worth noting that some materials may belong to all 
categories (Fig. 4) [18]. Natural materials, regionally available agricultural waste and by-
products of industrial processes as adsorbents for the removal of heavy metals from 
wastewater generate many economic benefits, as well as the possibility of achieving zero-
waste situation and circular economy [19].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  General division of low-cost adsorbents 
Rys. 4.  Ogólny podział tanich adsorbentów 
Source: own study based on ref. [18]. 

 
In order to achieve profitability, adsorbents have different requirements, namely: chemical 

and thermal stability, mechanical strength, high selectivity to be able to quickly separate, 
ability to regenerate, low solubility in liquids, good transfer and kinetic properties. Compared 
to conventional metal removal methods, adsorption and biosorption have many benefits, such 
as metal selectivity, economical (much lower costs), easy biomass availability, regenerative 
properties, metal recovery capability, no sludge production, high process efficiency.  

Many inexpensive adsorbents from various natural sources have been introduced to treat 
wastes contaminated with heavy metals. In accordance with Ali et al., among low-cost 
adsorbents, the following groups can be distinguished: agricultural and household by-
products, industrial by-products, sludge, sea materials, soil and ore materials and novel low-
cost adsorbents. In addition, natural materials or modified biopolymers can still be found in 
the literature [20]. 

The use of agricultural waste and by-products as low-cost adsorbents for removing heavy 
metals from wastewater is economically justified and more and more research results appear 
in the literature. Among many tested biosorbents published in the form of reviews or 
experimental results, the following examples can be distinguished: apple pomace, wheat straw 
[21], apple peal [22], banana peel [23], orange peel [24], coconut shell [25], pecan shell [26], 
Turkish coffee, walnut shell [27], nut shell, coffee grounds [28], peanut hull [29], waste tea 
[30], cellulose-based wastes [31], maize stalk [32], wheat straw, corn cobs, barley husk [33], 
rice husk [34], wood chip [35], palm fruit bunch [36], sawdust [37], bark [38], coir pith [39], 
bagasse pith [40], aquatic plants [41], paprika, gooseberry and elderberry waste [42].  

Low-cost adsorbents 

Availability Nature 

Natural materials 

Agricultural, industrial, 
domestic waste 

Synthesized products 

Organic materials 

Inorganic materials 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 33

Advantages of using agricultural waste and other biomass for wastewater treatment are 
following: easy of operation, no toxicity or its low level, no complicated processing required, 
excellent adsorption capacity and selective adsorption of heavy metal ions, inexpensive, easy 
accessibility, possibility of regeneration and reuse, easy revival, low energy consumption, no 
harmful gas emissions to the atmosphere. However, the use of raw agricultural waste as 
biosorbents can also have negative effects, including low adsorption efficiency, significant 
chemical oxygen demand (COD), biochemical oxygen demand (BOD) and total organic 
carbon (TOC) because of free from soluble organic compounds present in plant materials. The 
reduction in dissolved oxygen content in water may result from an increase in COD, BOD and 
TOC and may pose a threat to aquatic organisms. In many cases, therefore, plant waste needs 
modification or processing before using for heavy metal purification [43]. 

Various industrial wastes also have adsorption capacity and can be used to remove heavy 
metal ions from wastewater. These wastes arise from industrial processing as a by-product and 
are usually stored and rarely used in a useful way in other processes. A positive feature of by-
products is that it is easily available and has a very low cost. Many of them are generated for 
useful use as an effective adsorbent. Industrial by-products have been examined for their 
adsorption capacity and examples are as follows: fly ash and slag generated in the combustion 
of municipal sewage sludge in circulating fluidized bed combustion technology (CFBC) [9], 
blast furnace sludge [44], waste slurry, lignin-a black liquor waste from the paper industry 
[45], red mud [46] and many others. 

6. Cost estimation of adsorbents 

Table 1 presents costs of both low-cost and more expensive commercial adsorbents based 
on the literature. They should be treated as approximate, because many factors affect the costs 
of adsorbents, e.g. source (natural, agricultural, industrial, domestic waste, production by-
products, synthesized products), general availability, processing conditions, recycling and 
lifetime aspects. In addition, the costs depend on the place of production of adsorbents – 
different costs will be in underdeveloped, developing and highly developed countries [47].  
 
Table 1.  Estimated cost of commercial and low-cost adsorbents 
Tabela 1.  Szacunkowy koszt komercyjnych i tanich adsorbentów 
 

Adsorbent Price [US $/kg] Reference 

Activated aluminia 1.5–3.5 [48] 

Activated Carbon (Filtrasorb 400) 21 [49] 

Activated Carbon (Filtrasorb 400) 20–22 [48] 

Activated carbon (almond shell) 3.30 [50] 

Activated charcoal 1.0–1.1 [48] 

Bagasse fly ash 0.009 [52] 

Bagasse fly ash 0.02 [49] 

Ball clay 0.055 [51] 

Bentonite 0.1 [51] 

Blast furnace slag 0.04 [44, 49] 

Carbonaceous adsorbent (fertilizer industry waste) 0.1 [49, 53] 

Chitin 15–20 [48] 

Chitosan 16 [49, 54] 

Chitosan 5–10 [48] 

Cross-linked-chitosan 5–10 [48] 

Clinoptilolite 0.14–0.29 [48] 
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Coconut shell charcoal 0.34 [49, 55] 

Coconut shell charcoal 0.5–0.8 [48] 

Commercial activated carbon 1.37 [55] 

Commercial activated carbon 20 [56] 

Commercial activated carbon 5–6 [57] 

Commercial activated carbon 0.8–1.1 [48] 

Commercial granular activated carbon 3.3 [50] 

Common clay 0.017 [51] 

Fire clay 0.011 [51] 

Fullers earth 0.089 [51] 

Fullers earth 0.04 [56] 

Kaolin 0.158 [51] 

Manganese oxide 0.05–0.06 [58] 

Natural zeolite 0.08 [49] 

Non-cross-linked chitosan 5–10 [48] 

Peat 0.032 [59] 

Peat 0.04 [49] 

Perlite <1.5 [57] 

Pumice 0.12–0.3 [48] 

MgCl2 pumice 0.12–0.3 [48] 

ZVI mod. Pumice 0.12–0.3 [48] 

Red mud 0.025 [49] 

Sphagnum moss peat 0.02 [60] 

Spheroidal cellulose 1.07 [54] 

Starch xanthate 1.0 [61] 
 

Source: own study based on references [44, 48-61]. 

 
As can be seen in Table 1, the cost of commercial activated carbon, chitin, chitosan was on 

average higher than 90% in comparison with new adsorbents, including ball clay, common 
clay, fire clay, fullers earth, bagasse fly ash, red mud, blast furnace slag, manganese oxide, 
natural zeolite or peat. Cost assessment also refers to the scale of application. Although many 
studies on the use of cheap sorbents in adsorption processes have been published in the 
literature, they concern a small laboratory scale. Hence, the estimation of costs on this scale is 
not completely reliable and may be affected by an error. The supplement should be pilot 
studies on a larger scale in industrial plants that can verify laboratory results and confirm their 
feasibility on a commercial scale. 

Low-cost adsorbents can have different adsorption capacity depending on the type of 
material. The differences found in the adsorbent capacity of adsorbents of the same origin 
indicate the existence of a certain correlation between the adsorption properties and the 
molecular structure or surface groups of the adsorbent. In such cases of different and low 
adsorption capacity, chemical or physical modification is used. However, many experiments 
need to be conducted to find a suitable and effective modifying agent. Modifier adaptation 
should take place in relation to a particular adsorbent and often depends on its components. 
There is a need for more detailed systematic research to find out which modifier is primarily 
responsible for the development of microporosity, surface area or is suitable for the 
development of functional groups. 
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Conclusions 

Based on the literature reviewed, it has been presented that more and more wastewater is 
generated as a result of human activity and the dynamic development of industry. As a result 
of this, many harmful substances, such as heavy metals, phenols, dyes, pesticides, pathogenic 
microorganisms, detergents and other organic and inorganic chemicals get into the natural 
environment. Due to rising levels of pollution, many conventional methods are used to remove 
pollutants from wastewater, including the adsorption method, which is versatile because it 
removes a variety of pollutants. However, due to the high costs of processes, commercial 
adsorbents and the difficulties associated with their regeneration, research is being carried out 
on the use of cheap natural materials, agricultural and industrial waste, as well as by-products 
of processing, collectively called alternative low-cost adsorbents. Research carried out in 
recent years has shown a high efficiency of removing pollutants from wastewater at very low 
investment costs. In addition, the adsorption process does not generate by-products that could 
be another waste problem.  

On an industrial scale, the adsorption process would require an integrated wastewater 
treatment system, which consists of a large space for industrial installations and equipment, 
restrictions on waste disposal, the desired quality of finished water, and operational and capital 
costs. However, the integration of all these factors and elements translates into achieving 
optimal work for high process efficiency and low costs. 

The goal of interest in searching for alternative adsorbents is to reduce the cost of 
adsorbents as much as possible. The use of these types of materials also has other advantages, 
for example many of them are natural and renewable resources that are not used enough. In 
other words, some agricultural and industrial wastes are not recycled and are only stored 
without specific purposes. Furthermore, many of these materials can be used in adsorption 
processes with little or no pre-treatment, and therefore can be processed at low cost by small, 
medium and large companies in industrialized but also underdeveloped countries.  

The process of adsorbent processing alone does not generate pollution to the environment. 
In summary, it can be argued that the use of low-cost adsorbents to remove contaminants and 
water treatment can create conditions for economic development. Therefore, it should be 
considered that the use of natural resources, materials and by-products is in line with the 
principles of sustainable development economy and circular economy. 
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Summary 

In recent years, household, agricultural and industrial activities have affected the balance 
of the natural environment, causing drastic climate change and producing wastewater 
containing high levels of various types of harmful pollution. Due to the limited amount of 
good quality water, it is necessary to properly clean the wastewater of all impurities. 
Unfortunately, most of the conventional methods are expensive, so work is underway to find 
cheap purification methods.  

This article reviews the literature on the content of various types of toxic components in 
wastewater, methods for their removal, as well as the possibility of using inexpensive natural 
materials, agricultural and industrial waste, as well as by-products of processing, collectively 
called low-cost adsorbents. Economic and environmental aspects of their use for adsorptive 
removal of pollutants from wastewater, including heavy metals, were discussed. The 
possibilities of recycling these materials were determined, they were compared with 
commercial adsorbents, but also a cost analysis was carried out. The results of these literature 
studies can be useful especially in determining the direction of development of global industry 
and economy due to resulting social, environmental and economic benefits. 
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EKONOMICZNE I ŚRODOWISKOWE ASPEKTY STOSOWANIA TANICH 
ADSORBENTÓW DO OCZYSZCZANIA ŚCIEKÓW Z ZANIECZYSZCZEŃ 

Streszczenie 

 W ostatnich latach działalność gospodarstw domowych, rolnictwa i przemysłu wpłynęła na 
równowagę środowiska naturalnego, powodując drastyczne zmiany klimatu i wytwarzając 
ścieki o wysokim poziomie różnego rodzaju szkodliwych zanieczyszczeń. Ze względu na 
ograniczoną ilość dobrej jakości wody konieczne jest odpowiednie oczyszczanie ścieków  
z wszelkich zanieczyszczeń. Niestety większość konwencjonalnych metod jest kosztowna, 
dlatego trwają prace nad znalezieniem tanich metod oczyszczania.  

W niniejszym artykule dokonano przeglądu literatury na temat zawartości różnych ro-
dzajów toksycznych składników w ściekach, metod ich usuwania, a także możliwości zasto-
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sowania niedrogich materiałów naturalnych, odpadów rolniczych i przemysłowych, a także 
produktów ubocznych procesów przetwarzania, zwanych zbiorczo tanimi adsorbentami. 
Omówiono ekonomiczne i środowiskowe aspekty ich zastosowania do adsorpcyjnego usuwa-
nia zanieczyszczeń ze ścieków, w tym metali ciężkich. Określono możliwości recyklingu tych 
materiałów, porównano je z komercyjnymi adsorbentami, ale także przeprowadzono analizę 
kosztów. Wyniki tych badań literaturowych mogą być przydatne zwłaszcza w określaniu kie-
runku rozwoju światowego przemysłu i gospodarki ze względu na wynikające z tego korzyści 
społeczne, środowiskowe i ekonomiczne. 
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1. Introduction 

Three-dimensional printing (3D printing), also 
known as additive manufacturing (AM), rapid 
prototyping (RP) or solid-free form fabrication (SFF) is 
an innovative process enabling creation of physical 
objects using metals, ceramic and polymers. In 3D 
printing solid objects are created from a geometrical 
representation, directly from a computer-aided design 
(CAD) file, by a successive addition on materials, point-
by-point, line-by-line or layer-by-layer [Chen et a., 
2019]. Multiple layers are built in the X-Y direction, 
one layer on another, generating on the top the third 
one: Z layer (third dimension). Multi-material 3D 
printing is gaining on importance as a useful tool for 
rapid manufacturing, customized design and structural 
applications in the field of agriculture, medicine, 
automotive, locomotive and aviation industries. It also 

shows high potential in 
packaging sector [Chen et a., 
2019; Singh et al., 2018].  

Three-dimensional printing 
was initially used for rapid 
prototyping but subsequent 
development of this technology 
enabled application also in 
manufacturing of final objects. 
First attempts of 
commercialization were in 
medical field of application such 
as production of artificial heart 
pump or printed cornea. Other 
examples of digital fabricated 
objects are jewellery collections, 
PGA rocket engine or steel 
bridge in Amsterdam 
[Shahrubudin, Lee and Ramlan 
2019].  

3D printing process was 
developed in 1980s by Charles 
Hull, who invented the first form 
called stereolithography (SLA) 
and patented 3D printer. 
Nowadays, there are several 
commercially available 3D 
printing technologies like 
[Kumar, Singh and Farina, 2018]: 
stereolithography (SLA), Fused 
Deposition Modelling (FDM) 
called also Fused Filament 
Fabrication (FFM), Selective 
Laser Sintering (SLS), Digital 
Light Processing (DLP), 
Selective Laser Melting (SLM), 
Electron Beam Melting (EBM), 
Laminated Object Manufacturing 
(LOM), DIrect Metal Laser 
Sintering (DMLS), Jetting 
Modeling/Jetting System 
(JM/JS), Three-Dimensional 
Printing (3DP/TDP/3D). 
Stereolithography uses a laser or 
UV light to cure a photopolymer 
and enables the production of 
high quality objects covering a 
wide range of applications. DLP 
uses a special projector to expose 
light selectively to a container of 

 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 42

liquid polymer. Next the exposed liquid polymer hardens, and the part is built in layers. The 
liquid polymer is then drained to leave the solid part. Fused Deposition Modeling refers to a 
melt extrusion process where material is extruded through a nozzle on a machine that is 
programmed to deposit it according to the design being produced. The use of multiple extruder 
heads enables simultaneous printing of parts in different colours and materials. In granular 
systems, such as SLS, DMLS or EBM, typically lasers are used to fuse (sinter) powder in 
layers to build up a part. In this process the un-fused media serves as a support to the item 
being produced. This reduces the need for temporary supports to be integrated into the design 
and removed afterwards during the finishing process. EBM involves melting metal powder 
layer by layer with an electron beam in a high vacuum [McAlister and Wood, 2014; Vaezi, 
Drescher and Seitz, 2020].  

3D printing in industrial applications offer several advantages in manufacturing and 
refining prototypes. The benefits are time and cost reductions, particularly in case of a short-
run manufacturing where customization is a key issue. Additive manufacturing is also very 
useful in printing complex geometries, precisely customized parts, objects in a variety of slight 
variations or materials that need to be adapted frequently in their manufacturing lifecycle. For 
domestic users there is the potential to download or upload and share part designs [McAlister 
and Wood, 2014]. 3D printing enables the flexible preparation of precise or complex 
structures that are difficult to obtain using traditional fabrication methods such as casting 
[Chen et a., 2019].  

In the past few years, 3D printing technology has gained a lot of attention as one of the 
most exciting innovations in the food and beverage packaging industry as it offers several 
advantages. Additive manufacturing enables rapid prototyping of new designs, helps avoid 
costly changes to molds applied in conventional forming and shortens the overall time needed 
for an introduction of a new packaging on the market. 3D printing technology facilitates also 
low cost creating of personalized packaging on request. It is an interesting solution for 
customized packaging such as bottles engraved with the initials or special shaped containers. 
In packaging industry, prototype enables to predict the end performance of the final product so 
3D printing using thermoplastics is a widely practiced solution [Grunewald, 2015]. Nowadays, 
as sustainability in packaging is gaining in significance, new components are applied in 3D 
printing such as environmentally friendly bioplastics. One of the examples is polylactide 
(PLA), a biodegradable and biocompatible polyester, obtained from renewable resources. PLA 
is used in biomedical, pharmaceutical or agriculture applications. It can be applied as a 
material for medical implants, tissue engineering, orthopedic devices, drug delivery systems. 
As PLA shows similar properties to polystyrene, it is also an interesting material for 
packaging industry [Foltynowicz and Jakubiak, 2002]. 

In this paper we present the results of comparative assessment of the properties of 
packaging prototypes made from polylactide (PLA) and high impact polystyrene (HIPS) using 
3D printing technology. The aim of this work was to design and print PLA and HIPS 
packaging prototypes and determine the influence of the type of filament used on dimensions 
and compressive strength of the packages. For this purpose, three packaging configurations, 
with different wall thicknesses of the samples: 0.8, 1.2 and 1.6 mm were prepared and 
examined. 

2. Experimental 

2.1. Materials 

Two types of 3D printer filaments were applied: PLA and HIPS, both purchased from 
Fiberlogy: colour grey, diameter 1.75 mm (see Figure 1). 
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Fig. 1.  PLA (a) and HIPS (b) filaments used for 3D printing of the packaging prototypes 
Rys. 1.  Filamenty PLA (a) i HIPS (b) zastosowane do wykonania prototypów opakowań metodą druku 3D 

 

2.2. Methods 

2.2.1. Design of the packaging prototypes 

In order to create a model of packaging prototype, the geometry of the sample was 
prepared in CAD software – SolidWorks 2018/2019.  

2.2.2. 3D printing of the packaging prototypes 

Prototypes, with three different wall thicknesses: 0.8, 1.2 and 1.6 mm, were manufactured 
using a slicer program SIMPLYFY3D and 3D Prusa Mendel printer, printing in FDM/FFF 
technology. In order to print each packaging, 3D model was saved in STL format and transferred 
to SIMPLYFY3D. In the program, appropriate printing parameters, such as: nozzle, heated bed 
temperature and print speed were adjusted according to the previous test prints. In case of PLA 
prototypes, for all wall thicknesses, the nozzle temperature was 215°C, the heated bed 
temperature was 30°C, while the nominal print speed 80 mm/s. For HIPS packaging (for all wall 
thicknesses), the nozzle temperature was 240°C, the heated bed temperature 90°C, and the 
nominal print speed 70 mm/s. Afterwards, a G code was generated in which all printer 
movements and operations necessary for printing the designed prototypes were included. 

2.2.3. Determination of the mass and dimensions of printed packaging prototypes 

Dimensions of all printed PLA and HIPS packaging prototypes were examined in order to 
compare them with the prepared digital project using a dgital caliper with an accuracy of  
±0.02 mm. Mass was determined using analytical balance RADWAG with an accuracy of 
±0.001 g. 

2.2.4. Compression test of packaging prototypes 

Compression test of packaging prototypes was conducted using Zwick Roell Z010 tensile 
machine at a crosshead speed of 20 mm/min, at room temperature (according to ISO 
12048:1994). In case of all PLA and HIPS packaging prototypes at least 6 samples were 
examined for each wall thickness, to ensure the reliability of the test results, and the average 
of maximum load was determined. 

3. Results and discussion 

3.1. Design of the packaging prototype using CAD/SolidWorks 

The model of the packaging, prepared in CAD software – SolidWorks 2018/2019, was 
built by creating a sketch and then revolving it around its axis. The thread on the packaging 
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and closure was modeled, followed by the improvement of the aesthetics of the created 3D 
model by rounding the edges of the side walls. At this stage, the model was printed in order to 
observe and correct potential construction defects in the existing 3D model. Examination of 
the printed sample revealed some difficulties with closing the packaging, which was solved by 
a modification of the thread's outline. Three packaging configurations, with different wall 
thicknesses: 0.8; 1.2; 1.6 mm were prepared. Figure 2, 3 and 4 shows the subsequent stages of 
the packaging design using SolidWorks software. 
 

 
Fig. 2.  The sketch of the packaging 
Rys. 2.  Szkic opakowania 
Source: own work. 

 

 
 
Fig. 3.  Project of the packaging without closure 
Rys.  Projekt opakowania bez zamknięcia 
Source: own work. 
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Fig. 4.  Project of the closure  
Rys. 4.  Projekt zamknięcia opakowania 
Source: own work. 
 
 
 

3.2. Results of 3D printing of the packaging prototypes 

6 packaging prototypes for each type of the filament (PLA and HIPS) and also for each 
wall thickness: 0.8, 1.2 and 1.6 mm, were manufactured in a printing time: 32, 36 and 38 
minutes, respectively. As a result, 36 samples were obtained (presented in Figure 5). 
 

 
 

Fig. 5.  PLA and HIPS packaging prototypes with three wall thickness: 0.8, 1.2 and 1.6 mm (a) and an 
example of a printed PLA container with an open closure (b) 

Rys. 5.  Prototypy opakowań wykonane z PLA i HIPS o trzech grubościach ścianki: 0,8, 1,2 i 1,6 mm (a) i przykła-
dowy pojemnik z PLA, wraz z zamknięciem (b) 

Source: own work. 
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3.3. Results of the mass and dimensions determination  

The results of mass determination are presented in table 1 (as an average of six samples for 
each prototype type) and in case of dimensions determination – in table 2 (for PLA) and 
table 3 (for HIPS).  

The results presented in Table 1 showed that the mass of PLA prototypes is higher than in 
case of HIPS, comparing the same wall thickness of the package, which is in agreement with 
the difference in densities of applied filaments. 

 
 

Table 1.  Mass determination of PLA and HIPS packaging prototypes 
Tabela 1.  Oznaczenia masy prototypów opakowań wykonanych z PLA i HIPS 
 

Wall thickness [mm] 

Mass of the packaging  
with a closure [g] 

Mass of the packaging without 
 a closure [g] 

PLA HIPS PLA HIPS 

0.8 7.869±0.058 6.727±0.038 4.873±0.021 4.174±0.003 

1.2 10.341±0.009 8.877±0.175 6.816±0.007 5.826±0.006 

1.6 11.923±0.027 10.166±0.014 8.217±0.024 7.036±0.006 

 

Source: own work. 
 
 

Analysis of the data presented in tables 2 and 3 revealed the differences between nominal 
values and measured ones in case of all printed packaging prototypes, in respect to all 
parameters examined. However, the differences were more pronounced for HIPS packages. 
 

 
Table 2.  Dimensions of PLA packaging prototypes 
Tabela 2.  Wymiary prototypów opakowań wykonanych z PLA 
 

 

 

Source: own work. 

 
 
 
 

Parameter 

Dimensions of the printed packaging 
prototypes with different wall thickness Nominal value  

of the dimension 
PLA 

0.8 mm 
PLA 

1.2 mm 
PLA 

1.6 mm 

Diameter of the base [mm] 39.10±0.60 39.87±0.03 39.50±0.10 40 

Diameter of the thread [mm] 33.45±0.17 33.55±0.06 33.30±0.10 34 

Diameter of the closure [mm] 39.47±0.07 39.75±0.06 39.76±0.05 40 

Height without the thread [mm] 22.66±0.05 22.69±0.08 22.60±0.20 23 

Height with the thread [mm] 29.64±0.07 29.85±0.04 29.85±0.08 30 

Height of the whole packaging [mm] 31.19±0.05 31.39±0.02 31.73±0.07 31.5 
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Table 3.  Dimensions of HIPS packaging prototypes 
Tabela 3.  Wymiary prototypów opakowań wykonanych z HIPS 
 

 

Source: own work. 

3.4. Results of compression test  

Table 4 shows results of compression strength expressed as maximum load recorded 
during the test (as an average of six samples for each prototype type). 
 
Table. 4.  Compression test results  
Tabela 4.  Wyniki wytrzymałości na ściskanie 
 

Wall thickness [mm] 
Compression strength [N] 

PLA HIPS 

0.8 1979.7±287.7 1296.7±185.1 

1.2 4961.9±206.9 2886.4±168.6 

1.6 7933.3±378.8 4020.3±577 
 

Source: own work. 

 
The results presented in table 4 revealed that PLA prototypes showed higher compression 

strength than HIPS samples, in case of all wall thicknesses examined. The highest difference 
was obtained for the samples with wall thickness 1.6 mm and the smallest in case of 
packaging with wall thickness 0.8 mm. Interestingly, it was also observed that HIPS 
prototypes showed higher brittleness than PLA containers, comparing the same wall thickness, 
which resulted in cracking of the walls and/or detachment of the bottom part of the packaging. 

Conclusions 

Taking into consideration obtained results it can be concluded that biodegradable PLA 
filament is a good alternative to HIPS material and can be applied in rapid manufacturing of 
packaging prototypes using 3D printing technology. PLA prototypes showed good dimension 
accuracy regarding nominal values of the designed packaging and higher compression strength 
in comparison with adequate HIPS containers. 

 

 

Parameter 

Dimensions of the printed packaging 
prototypes with different wall thickness Nominal value  

of the dimension HIPS 
0.8 mm 

HIPS 
1.2 mm 

HIPS 
1.6 mm 

Diameter of the base [mm] 39.10±0.20 39.20±0.10 39.30±0.30 40 

Diameter of the thread [mm] 32.18±0.35 32.95±0.06 32.52±0.19 34 

Diameter of the closure [mm] 39.14±0.05 38.97±0.06 39.36±0.06 40 

Height without the thread [mm] 22.92±0.15 22.85±0.05 22.64±0.06 23 

Height with the thread [mm] 29.71±0.1 29.65±0.04 29.62±0.36 30 

Height of the whole packaging [mm] 30.88±0.07 31.36±0.13 31.42±0.20 31.5 
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Summary 

Three-dimensional printing is an innovative process enabling manufacturing structural 
parts made of different materials such as metals, ceramic or polymers. In 3D printing solid 
objects are created from a geometrical representation, using a computer-aided design (CAD) 
file, by a successive addition on material, layer-by-layer. 3D printing, as a very useful tool for 
rapid manufacturing, offers a high potential also in packaging sector. It is a suitable method 
for low-cost, fast prototyping of containers showing complex geometries, in a variety of 
different variations or precisely customized. It enables fast modification of the designed 
packaging and facilitates fast adaptation to the required criteria.  

This work presents the results of comparative assessment of PLA and HIPS packaging 
prototypes, designed and printed using FDM technology. For this purpose, three packaging 
configurations, with different wall thicknesses: 0.8, 1.2, and 1.6 mm were prepared. The 
influence of the type of filament on dimensions and compressive strength of the packages, 
regarding the wall thickness of the samples, was examined. Obtained results showed that PLA 
is a suitable material for 3D printing technology and can serve as an ecologically friendly 
alternative to polystyrene packaging. 
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OCENA PORÓWNAWCZA WŁAŚCIWOŚCI PROTOTYPÓW OPAKOWAŃ 
WYKONANYCH Z PLA I HIPS METODĄ DRUKU 3D 

Streszczenie 

Druk 3D to innowacyjna metoda wytwarzania materiałów z surowców takich jak metal, 
ceramika czy tworzywa sztuczne. W technologii druku 3D obiekty są wytwarzane metodą 
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przyrostową, warstwa po warstwie, na podstawie cyfrowego modelu przygotowanego w pro-
gramie komputerowym np. aplikacji z grupy CAD (computer-aided design). Druk 3D to sku-
teczne narzędzie służące do opracowywania innowacyjnych wyrobów oraz modyfikacji już 
istniejących, co ma duże znaczenie także w przemyśle opakowaniowym. Zastosowanie tech-
nologii przyrostowych umożliwia bowiem tanie oraz szybkie opracowywanie i wytwarzanie 
prototypów opakowań o precyzyjnych kształtach, w różnych wersjach wymiarowych, idealnie 
dostosowanych do potrzeb i wymagań klienta. Drukarki 3D w opakowalnictwie mogą znaleźć 
zastosowanie nie tylko w przygotowaniu modeli poglądowych, czy prototypów, ale również 
wyrobów końcowych, produkowanych w krótkich seriach. 

W prezentowanej pracy przedstawiono wyniki oceny porównawczej prototypów opakowań 
wykonanych z PLA i HIPS, wydrukowanych metodą FDM. Badaniom poddano opakowania  
o trzech różnych grubościach ścianki, tj. 0,8, 1,2 i 1,6 mm. Analizowano wpływ rodzaju zasto-
sowanego filamentu na rzeczywiste wymiary wydrukowanych opakowań oraz ich wytrzyma-
łość na ściskanie, w odniesieniu do poszczególnych grubości ścianek zaprojektowanych po-
jemników. Uzyskane wyniki wskazują, że przyjazny środowisku przyrodniczemu PLA może 
stanowić ciekawą alternatywę dla powszechnie stosowanego w opakowalnictwie polistyrenu. 
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1. Introduction 

According to the definition food supplements are 
foodstuffs the purpose of which is to supplement the 
normal diet and which are concentrated sources of 
vitamins or minerals or other substances with a 
nutritional or physiological effect, alone or in 
combination, marketed in dose form. This form could be 
capsules, pastilles, tablets, pills and other similar forms, 
sachets of powder, ampoules of liquids, drop dispensing 
bottles, and other similar forms of liquids and powders 
designed to be taken in measured small unit quantities 
[1, 2] Dietary supplement may not have the properties 
of a medicinal product, but in accordance with 
applicable food law, are defined as foodstuffs. This is 

associated with their widespread 
availability, and the large-scale 
advertising campaigns for these 
products are driving consumer 
interest. Popularity and easy 
availability dietary supplements 
for everyone may raise doubts. 

The labelling, presentation 
and advertising of food 
supplements shall not include any 
mention stating or implying that a 
balanced and varied diet cannot 
provide appropriate quantities of 
nutrients in general. It also must 
not attribute to food supplements 
the property of preventing, 
treating or curing a human 
disease, or refer to such 
properties. The labelling have to 
include a statement to the effect 
that food supplements should not 
be used as a substitute for a 
varied diet [1]. Unfortunately, 
supplements are often a factor for 
consumers to compensate for 
physical inactivity, haste, stress 
and even malaise. All this makes 
the blur between the necessity of 
taking vitamin preparations and 
using them unreasonably blurred. 
The dietary supplements market 
is developing very dynamically 
in Poland. Research shows that in 
2017-2020 it will grow at a rate 
of about 8% per year [3]. 

There are many groups of 
dietary supplements, however the 
largest are products containing 
vitamins and minerals. Currently, 
more and more often dietary 
supplements containing raw 
materials and plant active 
compounds isolated from them 
are found. They work mainly by 
strengthening the immune system 
and improving individual organs 
function. As ingredients in 
dietary supplements, they are 
used mostly vegetable raw 
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materials traditionally used in Europe, as well as pharmacopoeial materials, however in 
dosages much smaller than medicinal [4]. 

Dietary supplements in Poland are authorized by the Main Sanitary Inspector. Registration 
takes about a year. Supplements are not tested for possible interactions with drugs and are not 
subjected to pharmaceutical supervision, no are monitored for side effects. Numerous medical 
circles express doubts about the effectiveness of these products. The drug requires constant 
supervision and monitoring quality by the Pharmaceutical Inspection, in addition checking 
safety of use by doctors, pharmacists and marketing entity. There is no statutory requirement 
for continuous monitoring of safety of use in relation to the dietary supplement. Quality is 
monitored by the Sanitary Inspection. Research by the Najwyższa Izba Kontroli has shown 
that against the background of supply and consumption, there is no real effective control of the 
dietary supplements market by the Sanitary Inspection authorities [3]. 

This paper attempts to evaluate the quality of dietary supplements containing flax. Flax 
(Linum usitatissimum) in recent years has attracted considerable interest as a result of studies 
which attribute potential health benefits to its components, including the prevention of chronic 
noncommunicable diseases (diabetes, lupus nephritis, arteriosclerosis and hormonedependent 
types of cancer). Positive effects on disease prevention providing health-beneficial 
components such as alpha-linolenic acid, lignans and other polyphenols as well as non-starch 
polysaccharides [5-9].  

Flax seed cakes, used in dietary supplements, contains about 30-35% protein and from 7 to 
20% fat (depending on the pressing method), are also a concentrated source of lignans (6.1-
28.8mg/g) and the main source of these compounds in the diet [10, 11]. Phenolic compounds 
contained in flax seed can be divided into three main groups: lignans, phenolic acids and 
flavonoids. According to Sielicka [12], their content in flax ranges from 537 to 1815 mg/100 g of 
seeds, and in defatted seed extracts it reaches the level of 1670 mg / 100 g, where 77% is the 
esterified form [12] The content of phenolic acids in flax seed cake is from 1.3 to 2.2 mg/g [5, 6, 
13, 14]. Flax seeds also show high antioxidant activity, which depends on the variety [8, 9]. 

Based on the review of the Polish market of flax-containing dietary supplements, it is 
possible to divide these preparations in terms of many criteria. There are products in which flax 
is used individually and those in which it occurs in combination with other biologically active 
ingredients. For example, the composition of these complex supplements also includes: propolis, 
magnesium aluminum bicarbonate, red clover or Ceylon cinnamon (Cinnamomum verum). Their 
action is to support the digestive tract system or reduce the negative symptoms of menopause. 
Dietary supplements with flax take such forms as: ground seeds, tablets or capsules. Usually 
defatted flax seeds are used. These foodstuffs are used as aids to the digestive and metabolism 
system, contributing to the proper functioning of the intestines, supporting stomach health and 
helping to maintain a healthy weight. They are also used as mild natural laxatives with a high 
fibre content as well as products that help maintain normal blood cholesterol levels and agents 
that regulate the activity of sex hormones in women during menopause. 

The objective of this study was to determine the quality of selected dietary supplements 
containing flax. Chemical properties including the determination of total polyphenol content 
and determination of free radical scavenging activity were evaluated. Supplements whose 
form made it possible to carry out such an assessment were subjected to Qualitative 
Descriptive Analysis. 

2. Experimental 

2.1. Material 

Dietary supplements containing flax seeds, were obtained from a local market in Poznan, 
Poland. Eight dietary supplements have been tested: Ground Flaxseed, Eco Ground Flaxseed, 
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Lemon Ground Flaxseed, Orange Ground Flaxseed, Cherry Ground Flaxseed, Pill Flaxseed, 
Capsule Flaxseed, Capsule Flaxseed with Propolis. 
 Detailed characteristics of the studied dietary supplements are presented in Table 1. 
 
Table 1.  Characteristics of the analyzed supplements 
Tabela 1.  Charakterystyka analizowanych suplementów 
 

Supplement Ingredients 
Intended use recommended  

by the manufacturer 

Ground 
Flaxseed  

Defatted brown flax seeds. 
Ground flax is indicated for gastroenteritis, 
as well as to ensure the protection and 
proper functioning of the digestive system. 

Eco Ground 
Flaxseed 

Defatted ground flax seeds  
(Linum usitatissimum L.)  
* raw material from controlled certified organic 
farming. 

Flax seeds for people with gastrointestinal 
complaints. 

Lemon Ground 
Flaxseed 

Partially defatted flax seeds (54%), sugar, freeze-
dried lemon (2%), natural lemon flavour. 

Ground flax supplements the diet with fiber 
and lignans. 

Orange Ground 
Flaxseed 

Partially defatted flax seeds (54%), sugar, freeze-
dried orange (2%), natural orange flavour. 

Ground flax supplements the diet with fibre 
and lignans. 

Cherry Ground 
Flaxseed 

Partially defatted flax seeds (54%), sugar, freeze-
dried cherry (2%), cherry aroma, beet juice 
concentrate. 

Ground flax supplements the diet with fibre 
and lignans. 

Pill Flaxseed 

Magnesium carbonate, sorbitols; defatted ground 
flax seed; calcium carbonate, xylitol, mannitol;  
anti-caking agent: magnesium salts of fatty acids;  
stabilizer: gum arabic, aroma: peppermint oil. 

Flax – a dietary supplement supporting the 
stomach and digestive system. The product 
is intended for adults. 
Flax (Linum usitatissimum) supports 
intestinal peristalsis and the proper 
functioning of the intestines, additionally 
supports stomach and digestive health. 

Capsule 
Flaxseed  

Ground flax seeds (Linum usitatissimum L.), 
obtained in the defatting process, flax seed 
extract (Linum usitatissimum L.) standardized for 
the content of flax seed lignans, gelatine (shell 
component), anti-caking agent: magnesium salts 
of fatty acids, anti-caking agent: silicon dioxide, 
colour: titanium dioxide. 

Dietary supplement containing flax lignans.  
Supplement is intended for women during 
menopause. 
Flax seed lignans help to maintain 
hormonal balance. 

Capsule 
Flaxseed with 

Propolis 

Defatted and grounded flax seeds 98% – active 
substance, propolis concentrate 2% – active 
substance; shell composition – pork gelatine. 

Supports intestinal peristalsis and 
contributes to normal bowel function. 
Supports weight loss, helping reduce 
appetite. 

  

2.2. Reagents 

All reagents were of analytical grade. Folin–Ciocalteu reagent and iron (III) chloride 
hexahydrate and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from Aldrich-
Chemical (St. Louis, MO). All other chemical analytical reagents were acquired from POCH 
(Gliwice, Poland). 

2.3. Methods 

2.3.1. Determination of total phenols 

Total phenolic content was determined by the Folin-Ciocalteu spectrophotometric method 
[15]. Gallic acid was used to prepare the standard curve. 
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2.3.2. Antioxidant Activity Assessment – DPPH test 

Antioxidative activity was measured using the DPPH radical scavenging method [16]. The 
decrease in absorbance was measured at 515 nm, 96% ethanol was used as a blank. The 
reduction in DPPH radicals after 30 min of incubating the sample was calculated as the 
percentage inhibited. 

2.3.3. Sample preparation 

The extracts were prepared in the same way as for polyphenols and antioxidative activities 
analysis. 2.5 g of each sample was extracted for 2.5 h with ethanol (80%, v/v) on a roller 
shaker. The mixture was centrifuged at 1780 g for 10 min. Two extracts were prepared from 
each sample. 

2.3.4. Sensory analysis 

The QDA test was performed only on supplements in ground form (not for capsules and 
tablets). The descriptors were determined based on the literature and recommendations of the 
expert panel from the Department of Food Quality and Safety, Institute of Quality Science, 
Poznań University of Economics and Business. 

The sensory panel members (8 person) were chosen based on their ability to discriminate 
between samples during the sensory acuity screening. The training was conducted on three 
different types of dietary supplements containing flax. Samples were prepared according to the 
instructions provided by the manufacturer. The order of the sample presentation was 
randomized. Ten sensory attributes were as follows: for aroma – cereal, malty, nutty, sweet, 
fruity, herbal, fatty, oxidized, other; for taste – cereal, nutty, sweet, fruity, herbal, sour, bitter, 
chemical, watery and for texture – viscosity, smoothness. Moreover, the overall quality of 
each dietary supplement was assessed. 10-centimeter nonstructured line scales with labelled 
ends (“not detectable” – “strongly detectable”,  “low” – “high”) were applied [17, 18]. 

2.4. Statistical analysis 

All analyses were made in triplicates. Statistical analysis was carried out using Microsoft 
Excel 2019 and Statistica 12.0 StatSoft software. The Tukey’s multiple means comparison test 
was used to verify differences between the samples. The criterion of significance was α= 0.05. 
Pearson correlation coefficients (ToolPak of Excel – Microsoft Corporation) were used for the 
correlation studies. Principal Component Analysis was performed using Statistica software to 
visualize the differences between samples. 

3. Results and discussion 

The highest amount of polyphenols was noticed in the Capsule Flaxseed (Table 2), which 
was the four times more comparing to the capsule Flaxseed with Propolis, the second richest 
in polyphenols product. The lowest amount of polyphenols was observed in the Pill Flaxseed. 
This was probably due to the form of the supplement, which was a tablet where a lot of filling 
substances were also included. 

The highest content of polyphenols in Capsule Flaxseed was caused by the addition of 
the extract from flax seed. This extract was standardized for the flax lignans content. Sielicka 
[12] have found in flax seed extract 34.8 mg/g s.s. polyphenols. Capsule Flaxseed with 
Propolis achieved a second result, which may be influenced by the presence of propolis in the 
supplement. According to Majewski and Trzanek [19], propolis contains polyphenol 
compounds at the level of 7630.20 mg/100g s.s. The products with flavouring additives had 
the lower content of polyphenol compounds, to which a high content of other additives may 
contribute.  
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Table 2.  The antiradical activity and total polyphenols content in tested supplements 
Tabela 2.  Właściwości antyrodnikowe i zawartość polifenoli w badanych suplementach diety 
 

Supplement 
Total polyphenols amount  

(μg/g s.s.) 

Antiradical activity  
DPPH free radical quenching 

(%) 
Ground Flaxseed  3829.34D ±37.23 42.07C ±1.11 

Eco Ground Flaxseed 4357.98C ±164.73 43.08C ±0.94 
Lemon Ground Flaxseed 3060.11E ±37.76 29.59E ±1.13 
Orange Ground Flaxseed 1705.56F ±50.50 28.80E ±0.96 
Cherry Ground Flaxseed 1763.05F ±56.63 36.19D ±1.26 

Pill Flaxseed 848.75G ±23.46 18.15F ±0.69 
Capsule Flaxseed  26836.11A ±267.99 55.61B ±1.24 

Capsule Flaxseed with 
Propolis 

5815.41B ±56.46 70.83A ± 0.50 

 

Averages marked with the same superscripts in each column are not statistically significantly different (P <0.05; 
Tukey test). 

 
Ground Flaxseed and Eco Ground Flaxseed were composed only from defatted flax seed, 

so could be compared with the flax seed pomace. The polyphenols in flax seed pomace were 
described at different levels, 3.26 mg/g s.s. [20], 9.89 mg/g s.s. [21] and 3.62-4.0 mg/g s.s. [9]. 
 

 
 
Fig. 1.  Principal component analysis plot of similarities and differences of antiradical activity and 

polyphenols level in tested supplements  
Symbols: A – Ground Flaxseed, B – Eco Ground Flaxseed, C – Lemon Ground Flaxseed, D – Orange Ground 

Flaxseed, E – Cherry Ground Flaxseed, F – Pill Flaxseed, G – Capsule Flaxseed, H – Capsule Flaxseed 
with Propolis 

Rys. 1.  Wynik analizy składowych głównych zróżnicowania testowanych suplementów pod względem aktywności 
antyrodnikowej i zawartości polifenoli ogółem 

Symbole: A – len mielony, B – len mielony ekologiczny, C – len mielony cytrynowy, D – Len mielony pomarańczo-
wy, E – len mielony wiśniowy, F – len w tabletkach, G – len w kapsułkach, H – len z propolisem  
w kapsułkach 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 55

The correlation between polyphenols amount content and antiradical activities was r = 0.52 
and presented some influence of polyphenols level on antiradical properties. However, this 
impact was not so unequivocal. The relatively not strong correlation is probably caused by 
differences in the properties of individual polyphenols. Capsule Flaxseed with Propolis 
possessed the highest antioxidant capability among the tested products (81%). This can be 
explained by the antiradical properties of propolis. Although, some reports presented that 
propolis had only 50.3% reduction capacity for the DPPH free radical [19]. Additionally, 
some authors found the ability to reduce the DPPH free radical to 87.5% [20] and 63.3% [12] 
by the flax seed compounds. That the phenomenon of high antiradical activities of the Capsule 
Flaxseed with Propolis can be also explained by a specific variety of the flax seed.  

Supplements with flavouring additives presented the lower antiradical activity (Table 2). 
This result was caused by the content of these additives, as e.g. sucrose which have no activity 
against DPPH free radical. Probably for the same reason, Pill Flaxseed exhibited the lowest 
antiradical properties.  
 The principal component analysis (PCA) results (Figure 1) show that only the Capsule 
Flaxseed and Capsule Flaxseed with Propolis according antioxidant properties and polyphenol 
content were differentiated from the rest tested supplements.   
 

 
 
Fig. 2.  Profile of aroma of flax seed supplements (QDA result) 
Rys. 2.  Profil sensoryczny zapachu suplementów z nasion lnu 

 
The quantitative descriptive analysis (QDA) was used to sensory evaluation of the supplements, 

which were not the pills or tablets. The exception was made because the pill and tablet were not 
intended to generate taste sensations. The designated sensory descriptors were divided into two 
groups. The first group including aroma profile is shown in radar plot (Figure 2).  

The panelists found that the grain smell was most intensive in Ground Flaxseed (4.5) and 
Eco Ground Flaxseed (4) and the lowest level (1) was determined for the Flaxseed Cherry 
Ground.  

The most intense herbal aroma had the Lemon Ground Flaxseed (3.6), followed by the 
Orange Ground Flaxseed (2.6). Wherein the Eco Ground Flaxseed and Cherry Ground 
Flaxseed showed the lowest intensity (0.4). Nutty aroma was the most intense for Ground 
Flaxseed (2.1). In other products, it was poorly palpable and reached values below 1 – Eco 
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Ground Flaxseed (0.9), Orange Ground Flaxseed (0.7), Cherry Ground Flaxseed (0.6) and 
Lemon Ground Flaxseed (0.3).  

The experts described the oxidized smell for each sample as low noticeable (Figure 2). The 
tested products were varied for the presence of fruit aroma. Its greatest intensity was shown in 
supplements containing fruit additives in its composition, with the highest level in the Cherry 
Ground Flaxseed (5.7).  

 

 
 
Fig. 3.  Profile of taste, structure and overall evaluation of flax seed supplements (QDA result) 
Rys. 3.  Profil sensoryczny smaku, konsystencji i oceny ogólnej suplementów z nasion lnu 

 
The second group of sensory descriptors including taste and structure is presented in 

Figure 3. The stronger sweet taste was found in the Orange Ground Flaxseed (6.3), Cherry 
Ground Flaxseed (6.1) and Lemon Ground Flaxseed (5.7), but in the Ground Flaxseed (0.6) 
and Eco Ground Flaxseed (0.4) was not intensive. There was an effect to high sucrose content 
in the supplement with the fruit aroma addition. 

The herbal taste was highest in the Lemon Ground Flaxseed (2,3), while the Orange 
Ground Flaxseed showed the slightly lower value (1.5). The Eco Ground Flaxseed had herbal 
taste value on the level 1.1, while Cherry Ground Flaxseed had 0.7 and Ground Flaxseed (0.4). 
The highest intensity of the bitter taste was found in the Lemon Ground Flaxseed (3.4), despite 
the co-occurring, almost twice as strong sweet taste. The sour taste was almost imperceptible 
in all products.  

The nutty taste was not very intense in the tested supplements, when Eco Ground Flaxseed 
showed the highest (1.5) and the Cherry Ground Flaxseed possess the lowest (0.1) value of 
this parameter. The similar intensity of the watery taste was found in all tested supplements. 
The descriptors for evaluation have been chosen by the experts in the first stage of the sensory 
analysis. In the scientific literature is a lack of well described sensory descriptors for flax seed. 
Thus, the sensory evaluation of these supplements was difficult, all the more that literature 
does not provide information on any reliable method of sensory evaluation of such products. 
Flax seed are often tested as additive for different products. These publications present 
descriptors typical for these products, like muffins and snacks [22], cookies [23] and 
sourdough bread [24]. 

The prepared to consumption grounded flax seed possess the consistency between liquid 
and gel. This texture-related structure in our study was described two descriptors – viscosity 
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and smoothness. The highest viscosity and smoothness were found for Ground Flaxseed, 
while the Eco Ground Flaxseed possess the second largest value of viscosity. The second 
largest levels of smoothness were observed in Lemon Ground Flaxseed and Cherry Ground 
Flaxseed. These types of gels are defined as semi-solid or slight gels, their structure depend on 
several factors such as ionic strength, hydrogen bonding properties, amounts of molecules 
responsible for gelation [25, 26].  

The overall quality is the effect of all descriptors. The best overall quality was noticed for 
Ground Flaxseed (3.7). In second place was the Cherry Ground Flaxseed (3.5), followed by 
Eco Ground Flaxseed (3.2) and Orange Ground Flaxseed (2.8). The lowest quality was found 
in the Lemon Ground Flaxseed (1.9). The highest overall rating was given to Ground 
Flaxseed. This may be due to the highest value of the cereal and nutty aroma, and also due by 
the highest level of the viscosity and smoothness.  

The sweet and chemical taste probably influenced on the low evaluation of Orange Ground 
Flaxseed. The lowest overall evaluation of the Lemon Ground Flaxseed was caused by herbal 
and other flavors with the intensive presence of bitter taste. The highest negative correlation 
between the overall evaluation and the descriptors was found for herbal aroma and taste,  
r = -0.95 and r = -0.99, respectively. The nutty aroma and overall acceptance presented the 
highest positive correlation r = 0.71.  

Conclusion  

The addition of functional ingredients like the flax seed extracts to flax seeds supplements 
increase antiradical properties and polyphenols content in the final product. On the other side, 
the taste and aroma additives statistically important decrease the antiradical activity and 
polyphenols content.  

Additionally, these types of additives in tested supplements not increased their sensory 
evaluation. In flax seed supplements the herbal taste and aroma decrease the sensory rating, 
while nutty aroma can increase the sensory attractiveness of the product. This part of study 
presents the possibilities to use appropriate composition to manage the contents of the 
bioactive compounds and sensory acceptance in ready products. The prepared method of the 
flax seed sensory analysis is ready to implementation and can be useful for the companies and 
research teams. 
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Summary 

Dietary supplements are now widely used among both young, mature and elderly people, 
and supplementation in children is becoming more common. A proper and varied diet should 
provide all the nutrients necessary for the proper functioning of the body. A large group of 
consumers nourishes, however irrationally, as a result of various individual reasons – 
physiological, psychological or socio-economic. The use of these foodstuffs is intended to 
supplement deficiencies, maintain an adequate intake of certain nutrients, or to support 
specific physiological functions. Currently, the most widely consumed group are products 
supplementing vitamin and mineral deficiencies. Supplements containing plant ingredients 
and / or their extracts are also very popular. The quality of dietary supplements is a big 
challenge and a problem, as they are subject to much less stringent requirements related to 
quality control compared to medicines. 

The quantitative relations and properties of bioactive component and sensory analysis were 
analyzed in flax seed supplements. Differences in the content of polyphenols and the 
antiradical properties at the eight supplements were determined. The highest concentration of 
polyphenols (26.8 mg/g s.s.) was detected in flax seed supplement with the extract 
standardized for the flax lignans content. The highest strength (71%) of antiradical activity 
was found in flax seed supplement with a propolis. The moderate correlation (r = 0.52) 
between the polyphenols content and antiradical activity was observed. The quantitative 
descriptive analysis (QDA) was used to sensory evaluation of the five supplements. 
Descriptors for flax seed supplements sensory analysis were prepared. The highest negative 
correlation between the overall quality and the descriptors was found for herbal aroma and 
taste, r = -0.95 and r = -0.99, respectively. The nutty aroma and overall sensory quality 
presented the highest positive correlation r = 0.71. The flavored additives decreased the 
antiradical activity and polyphenols content, as well as not increased their sensory evaluation. 
The supplement composed from flax seeds without additives showed the best overall sensory 
quality. 
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OCENA JAKOŚCI WYBRANYCH SUPLEMENTÓW DIETY ZAWIERAJĄCYCH LEN 

Streszczenie 

Suplementy diety są obecnie szeroko stosowane wśród zarówno osób młodych, dojrzałych 
oraz ludzi starszych, coraz powszechniejsza jest suplementacja u dzieci. Prawidłowa i zróżni-
cowana dieta powinna dostarczyć wszystkich, niezbędnych do właściwego funkcjonowania 
organizmu składników odżywczych. Liczna grupa konsumentów odżywia się jednak nieracjo-
nalnie, co wynika z różnych, indywidualnych przyczyn: fizjologicznych, psychologicznych 
czy socjoekonomicznych. Stosowanie tych środków spożywczych ma na celu uzupełnienie 
niedoborów, utrzymanie odpowiedniego spożycie niektórych składników odżywczych lub 
wspieranie określonych funkcji fizjologicznych. Najszerzej przyjmowaną grupą są obecnie 
produkty uzupełniające niedobory witaminowo-mineralne. Dużą popularnością cieszą się 
również suplementy zwierające składniki roślinne i/lub ich ekstrakty. Dużym wyzwaniem  
i problemem jest jakość suplementów diety, które podlegają znacznie mniej rygorystycznym 
wymaganiom związanym z kontrolą jakości w porównaniu z lekami. 

W pracy poddano analizie ilość i właściwości składników bioaktywnych w suplementach diety 
zawierających nasiona lnu. Oznaczono różnice w zawartości polifenoli i aktywności antyrodniko-
wej w ośmiu suplementach diety. Najwyższą zawartość polifenoli (26,8 mg/g s.s.) wykryto  
w suplemencie z dodatkiem ekstraktu lnianego stabilizowanego na zawartość lignanów. Najwięk-
sze właściwości antyrodnikowe (71%) oznaczono w suplemencie z dodatkiem propolisu. Korelacja 
pomiędzy zawartością polifenoli a właściwościami antyrodnikowymi była umiarkowanie wysoka 
(r = 0,52). Metoda profilowania sensorycznego została zastosowana do oceny sensorycznej.  

Opracowano wyróżniki do eksperckiej oceny sensorycznej. Najwyższe negatywne korela-
cje obserwowano pomiędzy oceną ogólną a zapachem (r = -0,95) i smakiem (r = -0,99) zioło-
wym. Najwyższą dodatnią korelację stwierdzono pomiędzy oceną ogólną a zapachem orze-
chowym r = 0,71. Dodatki smakowe wpływały na obniżenie właściwości przeciwutleniają-
cych i zawartości polifenoli, nie poprawiając ogólnej oceny sensorycznej testowanych suple-
mentów. Najwyższą ogólną ocenę sensoryczną uzyskał suplement z nasion lnu bez dodatków 
smakowych i aromatyzujących.  
 

dr inż. Iwona JASIŃSKA-KULIGOWSKA, Marta KRÓL  
Poznań University of Economics and Business  
Institute of Quality Science 
Department of Food Quality and Safety 
Aleja Niepodległości 10, 61-875 Poznan, Poland 
e-mail: iwona.jasinska-kuligowska@ue.poznan.pl 
 
dr inż. Maciej KULIGOWSKI 

University of Life Sciences in Poznan 
Faculty of Food Science and Nutrition 
Institute of Food Technology of Plant Origin 
Department of Fermentation and Biosynthesis 
ul. Mazowiecka 48, 60-637 Poznan, Poland 
e-mail: maciek@up.poznan.pl



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 61

Dorota KLENSPORF-PAWLIK,  
Wojciech ZMUDZIŃSKI, Elżbieta NIJAKA 
Poznań University of Economics and Business  
Institute of Quality Science 
Department of Food Quality and Safety 

 

Quality of chia seeds 
with special reference  

to fatty acids 
composition  

Received: January 20, 2020; accepted February 6, 2020 
 
 
 
Key words:  chia, fatty acids, ALA, oxidation. 
Słowa kluczowe:  chia, kwasy tłuszczowe, ALA, utlenianie.  

 
 

1. Introduction 

With increasing public health awareness worldwide, 
the demand for functional food with multiple health 
benefits has also increased. Salvia hispanica seeds also 
known as Chia seeds are a native Mexican seed, with 
nutritional and functional properties. It is a traditional 
food in central and southern America, known for over 
5000 years. However, chia seeds disappeared as a crop 
for centuries and was rediscovered in the middle of 20th 
century and presented as an exceptional source of 
omega-3 fatty acids [1, 2], even recognizes as a 
“superfood”. Nowadays, it is widely consumed for 
various health benefits especially in maintaining healthy 
serum lipid level [3].  

Based on the European Union Regulation chia seeds 
are recognized as a “novel food”, what means that it 
was not used for human consumption to a significant 
degree within the Union before May 15, 1997 
(Regulation EC no 178/2002). However, at the 

beginning chia seeds could be 
used as an ingredient only in 
specific type of food. Very 
recently, on January 13, 2020,  
the European Commission has 
published regulation authorizing 
the extension of use of chia seeds 
as a novel food and the change  
of the conditions of use and  
the specific labeling requirements 
of Chia seeds. According to  
new regulation, Commission 
Implementing Regulation (EU) 
2020/24, Chia seeds could be 
used in bread products (with 
maximum levels 5%); baked 
products (with maximum levels 
10%); breakfast cereals (with 
maximum levels 10%); sterilized 
ready to eat meals based on 
cereal grains, pseudocereals 
grains or pulses (with maximum 
levels 5%); and without 
maximum levels in fruit, nuts and 
seed mixes; pre-packaged Chia 
seed as such; confectionery (in-
cluding chocolate and chocolate 
products); dairy products 
including yoghurt; edible ices; 
fruits and vegetables products; 
non-alcoholic beverages; pudding 
that do not require heat treatment 
at or above 120°C in their manu-
facture, processing or preparation 
[4].  

The chemical composition of 
Chia seeds has been analysed in 
many different studies. The 
composition, however, depends 
on genetic agricultural factors 
[5]. The high nutritive value of 
chia seeds is correlated mainly 
with high dietary fiber and fat 
content. Even the word “chia” is 
a Spanish adaptation of “chian” 
meaning “oily”. Chia seeds are 
composed of lipids (30-33%), 
dietary fiber (18-30%), proteins 
(15-25%), carbohydrates (26-
41%), ash (4-5%), minerals and 
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vitamins, and contains a high amount of antioxidants [6]. Chia is now cultivated and 
commercialized especially for its omega-3 alpha-linolenic acid (ALA) content as well as 
antioxidant properties. However, the whole fatty acid profile of chia seed oil is of great inte-
rest. Nowadays, consumers are more conscious about their health and they realize that lipids 
with the “good” profile are valuable for them. Specialty oils, such as chia seed oil or flaxseed 
oil, are a good source of essential nutrients. Chia seed lipids are characterized by high content 
of polyunsaturated fatty acids, mainly ALA, and this content is even higher than in flaxseed 
[7]. 

Additionally, chia seeds are reported to possess advantageous and highly recommended 
ratio of omega-6 to omega-3 acids, 0.3 to 0.35 [7, 8]. Additionally, Chia seed oil is also  
a source of bioactive compounds such as phytosterols and tocopherols. Ciftci et al. (2012) 
reported the high content of β-sitosterol (2057 mg/kg of lipids), stigmasterol (1248 mg/kg of 
lipids) and campesterol (472 mg/kg of lipids). Among the determined tocopherols were  
γ-tocopherol with the highest concentration (422 mg/kg lipids), δ-tocopherol (15 mg/kg of 
lipids) and α-tocopherol (8 mg/kg of lipids). Besides the lipid bioactive compounds, chia seed 
are also rich in polyphenols f.e. gallic, cinnamic acids, epicatechin, rutin and isoflavones  
[9, 10]. 

Undoubtedly, chia seeds posses a high nutritional value, and can be successfully used in 
human nutrition. However, the quality of chia seeds present on the market can differ among 
products, especially that all products at Polish market are imported from various part of the 
world. And fatty acids composition is an extremely important determinant, which affect 
dietary factors and quality of oil. Therefore, the main objective of the study was an assessment 
of fatty acids composition of various chia seeds obtained from the local market.     

2. Experimental 

2.1. Materials  

2.1.1. Chia seeds samples 

Various chia seeds were subjected to an analysis. All products were available on local 
market, imported from different countries (Peru, Bolivia, Mexico and Argentina).    

2.1.2. Chemicals 

n-Hexane (HPLC grade) and sodium methoxide were purchased from Sigma-Aldrich, 
whereas 37-component FAME mix were obtained from Supelco (Bellefonte, PA, USA).  

2.2. Methods 

2.2.1. Lipid extraction for fatty acids analysis 

Cold extraction with hexane as a solvent was used for the extraction of lipids for gas 
chromatographic analysis. As nonpolar and less toxic solvent hexane is commonly used for 
lipid extraction from different matrices. Chia seeds samples were ground in laboratory mill, 
homogenized in hexane, and extracted twice for 30 minutes, at room temperature with 
constant stirring. Hexane extracts were filtered and then the solvent was evaporated on  
a vacuum evaporator at 40°C. Obtained lipids were stored till further analysis.   

2.2.2. Fatty acids analysis 

Fatty acids profile was determined in the lipid extracts by means of gas chromatography. 
Gas chromatography is the most accurate and common method used for fatty acids 
identification and quantification, however required preparation of fatty acids as volatile 
methyl esters. Sodium methoxide was used for the preparation of fatty acid methyl esters 
(FAME). FAME were analyzed applying the Agilent 7820A gas chromatograph, equipped 
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with a capillary column BPX-70 (60 m x 0.25 mm x 0.25 µm) and flame ionization detection 
was used. Temperature gradient from 120°C to 230°C, in a total time of 50 min. The carrier 
gas was helium with constant flow 0.8 ml/min. Injection port was set to 250°C, with the split 
ratio 50:1, and the detector was at 270°C. The identification of fatty acids methyl esters was 
done  by comparison of retention times of peaks in a sample with those of commercially 
available standard pure compounds (37-component FAME mix). The quantification was based 
on relative percentage basis. The separation obtained by GC analysis is presented in Figure 1.  

 

 
 

Fig. 1.  Typical GC-chromatogram of the fatty acids separation of oil recovered from chia seed 
Rys. 1.  Chromatogram rozdziału estrów metylowych kwasów tłuszczowych oleju pozyskanego z nasion chia 

 

2.2.3. Calculated oxidation value (CoxV) 

The calculated oxidation value of chia seed oil was obtained by applying the equation 
proposed by Fatemi and Hammond [11]: 

CoxV = (C18:1 + 10.3 x C18:2 + 21.6 x C18:3)/100              (1) 

and Cosgrove et al., [12]: 

CoxV = (0,02 x C18:1 + C18:2 + 2 x C18:3)/100                   (2) 

All fatty acids are included as percentage of total fatty acids content.  
In both equation the linolenic acid (C18:3) has the highest coefficient, as far as the fatty 

acid with three unsaturated bonds is more susceptible to oxidation than fatty acids with less 
unsaturated bonds.  

3. Results and discussion 

Lipids have been considered for a long time only as a concentrated source of energy, 
which should be provide to our bodies. However, lipids have many biological functions, and 
their nutritional quality may influence the proper functioning of humans body. Fatty acids 
composition and their ratios are of the great interest.  

The composition of individual fatty acids in seed oil recovered from six chia seeds 
imported from different countries was close similar in most cases (Table 1).  
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Table 1.  Fatty acids composition of chia seeds (%) and% of total fats (g fats/100g of products) 
Tabela 1.  Skład kwasów tłuszczowych w nasionach chia (%) i zawartość tłuszczu (g tłuszczu /100g produktu) 
 

FA% 
Chia seed sample 

Per Bol Mex Arg 1 Arg2 Arg3 

Saturated fatty acids (SFA) 

C16:0 7.06±0.01 6.92±0.03 7.02±0.00 6.44±0.01 7.07±0.01 6.78±0.07 

C18:0 4.12±0.00 3.39±0.03 3.05±0.01 2.62±0.00 2.53±0.00 2.58±0.03 

C22:0 0.08±0.00 nd nd nd nd nd 

C24:0 0.08±0.00 nd nd nd nd nd 

Monounsaturated fatty acids (MUFA) 

C16:1 0.19±0.00 0.17±0.01 0.16±0.00 nd nd nd 

C18:1 n9 7.47±0.01 7.44±0.51 5.52±0.00 5.17±0.01 5.71±0.00 5.50±0.07 

C18:1 n7 0.74±0.00 0.79±0.00 0.81±0.00 0.79±0.00 0.82±0.00 0.83±0.01 

C20:1 0.13±0.00 0.14±0.00 nd nd nd nd 

Polyunsaturated fatty acids (PUFA) 

C18:2 n6 18.91±0.01 20.31±0.10 19.14±0.01 19.33±0.00 20.47±0.01 19.57±0.05 

C18:3 n6 0.24±0.00 0.24±0.00 0.23±0.00 0.22±0.00 0.21±0.01 0.20±0.01 

C18:3 n3 60.97±0.02 60.60±0.37 64.08±0.01 65.45±0.02 63.07±0.04 64.53±0.22 

Total fat content g/100g (product nutritional value) 

 31 33 No label 32.6 33 30.7 

 

nd – not detected, data expressed as mean±standard deviation.   

 
In all studied samples palmitic acid (C16:0), stearic acid (C18:0), vaccenic acid (C18:1 

n7), oleic acid (C18:1 n9), linoleic acid (C18:2 n6), γ – linolenic acid (C18:3 n6) and  
α-linolenic acid (C18:3 n3) were identified. Palmitooleic acid (C16:1), eicosenoic acid 
(C20:1), behenic (C22:0), lingoceric acid (24:0) were observed in minor amounts (0.08 to 
0.19%) in several but not all, of the analysed samples. The chia seed oils were dominated by 
unsaturated fatty acids, ALA as the most abundant (60.60 to 65.45%), linoleic acid (18.91 to 
20.47%) and oleic acid (5.17 to 7.47%). From the saturated fatty acids, the highest amount 
were observed for palmitic (6.44 to 7.07%) and stearic acid (2,53 to 4.12%) (Table 1).  
A similar profile of fatty acids composition in chia seed oil has been reported previously [7, 8].  

For years, flaxseed oil together with cold-fish oil were recognized as a rich source of 
omega-3 fatty acids. However, after the rediscovery of chia seed as a crop, it gained even 
more popularity than flaxseed. Because of high content of ALA, chia seeds could be 
recommended in a specific diet, especially for patient with cardiovascular disease (CVD). 
Dietary ALA is an important precursor of n-3 PUFA, such as eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), and thus are necessary for many processes in the human body, 
such as growth and development, the cardiovascular and immune function, the regulation of 
blood pressure and plasma lipid levels [13, 14]. Based on recent reports, it is now evident that 
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ALA benefits CVD risk. The epidemiological evidence suggest even comparable benefits of 
plant-based and marine-derived omega-3 polyunsaturated fatty acids [15]. Moreover, it should 
be taken into account that ALA from plant sources cost less than marine-derived. From the 
nutritional point of view, the most important is to provide the beneficial amount of  n-6 and n-
3 fatty acids. Simopoulos [16] reported the importance of n-6:n-3 fatty acids ratio in CVD and 
other chronic diseases, and the recommended ratio is 4:1. However, it is still reported that 
European and American diet is overloaded with n-6 fatty acids, and the ratio exceeded 10:1 
[17]. Although omega-6 fatty acids are essential but in the proper quantities, most people in 
the developed world should aim to reduce the high omega-6 intake, and increase omega-3 con-
sumption [16]. The balance between omega-6 and omega-3 fatty acids which are two classes 
of essential fatty acids, are represented in our samples by linoleic acid and α-linolenic acid, 
respectively. Both of them are important determinant of nutritional oil quality [18].  Our 
results showed that chia seeds had a very low and therefore positive n-6 to n-3 ratio, from 0.30 
to 0.34 (Table 2). Growing evidence, suggest even that the reduction in n-6 to n-3 may be 
beneficial in reducing the risk of development of cancer, enhancing bone health [19, 20].        

The average of different type of fatty acids in oil recovered from different chia seeds were 
as follows saturated 9.06 to 11.35%, monounsaturated 5.95 to 8.55 and polyunsaturated 80.12 
to 84.99% (Table 2). Our results have shown that chia seeds are a rich source of PUFA, what 
is very valuable from nutritional point of view. Saturated fatty acids are responsible mainly for 
atheroma and thrombus formation, therefore they are reported as hypercholesterolemic fatty 
acids. Palmitic acid together with lauric and myristic fatty acids (not observed in our samples) 
is reported as one of the most atherogenic saturated fatty acid, whereas stearic acid has a 
neutral effect on plasma cholesterol [21]. It is well know that a human diet rich in saturated 
fatty acids is associated with high levels of cholesterol in blood, and that is associated with 
CVD [22].  

 
Table 2.  Sum of SFA, MUFA and PUFA and fatty acids ratio and Cox value of oil recovered from various 

chia seeds 
Tabela 2.  Suma nasyconych, jednonienasyconych i wielonienasyconych kwasów tłuszczowych, wskaźniki kwasów 

tłuszczowych, współczynnik utlenialności oleju pozyskanego z nasion chia 
 

 
Chia seed sample 

Per Bol Mex Arg 1 Arg2 Arg3 

Σ SFA 11.35 10.31 10.06 9.06 9.60 9.37 

Σ MUFA 8.53 8.55 6.49 5.95 6.65 6.32 

Σ PUFA 80.12 81.15 83.44 84.99 83.75 84.31 

n-6/n-3 0.31 0.34 0.30 0.30 0.33 0.31 

Σ UFA/ Σ SFA 7.81 8.70 8.94 10.04 9.42 9.68 

Σ PUFA/ (Σ SFA + Σ MUFA) 4.03 4.30 5.04 5.66 5.16 5.37 

CoxV 15.20 15.26 15.87 16.19 15.80 16.01 

CoxV 1.41 1.42 1.47 1.50 1.47 1.49 

 

SFA – saturated fatty acids, MUFA – monounsaturated fatty acids, PUFA – polyunsaturated fatty acids,  
n-6 – omega-6 fatty acids, n-3 – omega-3 fatty acids, CoxV – calculated oxidation value. 

 
But from the other side, high concentration of PUFA affect the stability of the product, 

mainly oxidative stability. The oxidative stability of a product with high lipid content is 
extremely important as quality and safety parameter, and determined their application in 
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commercial products. Oil recovered form chia seeds based on calculated oxidation value are 
extremely susceptible to oxidation. The CoxV in analysed samples was 15.2 to 16.19 (when 
calculated from equation 1) and 1.41 to 1.50 (when calculated from equation 2). The high Cox 
value limit the application of chia seeds in processed food, especially the one with high 
temperature processing. The higher PUFA content in oils, the higher the sensitivity to 
temperature.     

Additionally, the ratio of the sum of unsaturated fatty acids to sum of saturated fatty acids 
(Σ UFA/ Σ SFA) was reported as 7.81 to 10.04; and the sum of polyunsaturated fatty acids to 
the sum of saturated and monounsaturated fatty acids ratio Σ PUFA/ (Σ SFA + Σ MUFA) was 
calculated and reported as 4.03 to 5.66. Chia seed oils are rich in hypocholesterolemic fatty 
acids and had a low content of hypercholesterolemic acids. Such composition is strongly 
related to the functional activity of fatty acids in the metabolism of lipoproteins regarding 
plasma cholesterol transport and the risk of CVD [23].        

Conclusion 

Chia seeds has been known for more than 5000 years. It was a staple food consumed by 
peoples living primarily in Central America and after its rediscovery gained the status of 
superfood. Recently, there is a great interest in raw materials in relation to its nutritional value.  

In our study, the quality of chia seeds with emphasis to composition of fatty acids were 
investigated. The recovered oils from chia seed samples are a rich source of bioactive lipid 
compounds, such as essential fatty acids. α-Linolenic acid (ALA) dominated among fatty 
acids in all chia seeds samples (60.60 to 65.45%). Additionally, oil recovered from chia seeds 
had a very low, and therefore favorable n-6 to n-3 ratio (0.30 to 0.34). High content of PUFA 
is nutritionally positive, but it makes chia seed oil very susceptible to oxidation, expressed as 
high CoxV (15.20 – 16.19).     
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Summary 

The main objective of the study was an assessment of fatty acids composition of various 
chia seeds obtained from the local market. Although, the chia seeds were purchased from the 
local market, they were imported from different countries such as Peru, Bolivia, Mexico and 
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Argentina. The chia seed oils were dominated by unsaturated fatty acids, ALA as the most 
abundant (60.60 to 65.45%), linoleic acid (18.91 to 20.47%) and oleic acid (5.17 to 7.47%).  

Our results showed that chia seeds had a very low and therefore positive n-6 to n-3 ratio, 
ranging from 0.30 to 0.34. Oils recovered form chia seeds, based on the calculated oxidation 
value (CoxV), are extremely susceptible to oxidation. The value of Cox in analysed samples 
was 15.20 to 16.19 and 1.41 to 1.50, according to adopted equation. The high Cox value limit 
the application of chia seeds in processed food, especially the one with high temperature 
processing.     
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JAKOŚĆ NASION CHIA ZE SZCZEGÓLNYM UWZGLĘDNIENIEM SKŁADU 
KWASÓW TŁUSZCZOWYCH 

Streszczenie 

Celem pracy była analiza składu kwasów tłuszczowych różnych nasion chia dostępnych na 
lokalnym rynku. Produkty zakupiono na lokalnym rynku, jednak ich kraj pochodzenia był 
różny: Peru, Boliwia, Meksyk i Argentyna. Profil kwasów tłuszczowych zdominowany był 
przez nienasycone kwasy tłuszczowe, a dominującym kwasem tłuszczowym w oleju pozyski-
wanym z nasion chia był kwas α-linolenowy (60,60 do 65,45%), kwas linolowy (18,91 do 
20,47%) oraz kwas oleinowy (5,17 do 7,47%).  

Uzyskane wyniki wskazują, iż w nasionach chia jest bardzo niski a zarazem pozytywny 
wskaźnik kwasów n-6 do n-3, mieszczący się w przedziale 0,30 do 0,34. Jednakże, na podsta-
wie wyliczonego współczynnika utlenialności, olej pozyskiwany z nasion chia jest bardzo 
podatny na utlenianie. Wartość współczynnika CoxV w analizowanych próbach mieściła się  
w granicach od 15,20 do 16,19 lub 1,41 do 1,50, w zależności od użytego równania. Wysoka 
wartość współczynnika utlenialności wskazuje na ograniczenia w stosowaniu nasion chia  
w żywności przetworzonej, zwłaszcza poddawanej obróbce termicznej.     

     
 
 

 
 

dr inż. Dorota KLENSPORF-PAWLIK 
dr hab. inż. Wojciech ZMUDZIŃSKI, prof. UEP 
Elżbieta NIJAKA 
Poznań University of Economics and Business 
Institute of Quality Science 
Department of Food Quality and Safety  
Al. Niepodległości 10, 60-967 Poznań, Poland 
e-mail: dorota.klensporf-pawlik@ue.poznan.pl 

 
 
 
  



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 69

Ryszard ZIELIŃSKI 

Poznan University of Economics and Business 
Institute of Quality Science 
Department of Technology and Instrumental Analysis 

Application of Stefanis- 
-Panayiotou’s method 

for selection of solvents 
for effective extraction  

of antioxidants  
from blackthorn flowers 

Received: October 25, 2019; accepted November 26, 
2019 
 
 
 
Key words:  antioxidants, antiradical activity, blackthorn 

inflorescences, efficiency of extraction process, 
solubility parameters. 

Słowa kluczowe:  przeciwutleniacze, aktywność przeciwrodnikowa, 
kwiat tarniny śliwy, efektywność procesu ekstrak-
cji, parametry rozpuszczalności. 

 

1. Introduction 

A solubility of any solute is defined as the ability of 
the solute to become soluble in a given single or mixed 
solvent to form a homogeneous solution of the solute in 
the solvent. It should be noted, however, that this 
definition of the solubility refers only to non-reactive 
interaction systems. In order to describe and predict the 
solubility of a solute in a selected solvent Hildebrand  
[1, 2] introduced  the concept of the solubility 
parameter, δ. The numerical value of δ is defined as the 
molar cohesion energy, Ecoh, per the molar volume, V, 
of the substance and it is usually expressed in MPa1/2  
or cal1/2 · cm-3/2 (1 cal1/2 · cm-3/2 = 2.0455 MPa1/2). The 
concept of the solubility parameter is the important idea 

of potential practical application 
and it can be used for the rational 
selection of solvents. 

Despite of some success of 
the Hildebrand’s original 
proposition of  value [1], it was 
many times reported that the 
simple Hildebrand solubility 
parameter concept does not 
adequately describe the solute 
solubility behavior of some 
solutes, especially when polar 
and hydrogen bonding 
interactions occur between solute 
and solvent molecules. To 
overcome this problem Hansen 
[3, 4] proposed to divide the total 
cohesion energy density, δ2, into 
three components and represent 
the value of δ2 as a sum of the 
cohesion energy densities 
required to overcome atomic 
dispersion London forces, δd

2, 
forces to overcome polar 
interactions, δp

2, and forces 
needed to break hydrogen bonds 
between molecules, δh

2: 

 

For a given solute the 
numerical values of d, p and h 
can be determined experimentally 
by dispersing a sample of a tested 
solute in a number of screening 
solvents having known HSP 
values. It is known that the test 
solvents which lead to a good 
solubility (or stable dispersion) of 
the solute tent to be grouped in a 
relatively small volume of the  
3-D Hansen space while bad 
solvents are located outside this 
volume. Using some calculation 
we can find the values of d, p 
and h for a given solute.  

On the other hand, in 
literature one can find various 
papers on estimating interaction 
capacity and solubility of various 
organic liquids, polymers, and 
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even some solids. Among them we can find some examples of practical application of several 
computational methods for the extraction of active compounds from the plant material and for 
solubility of polymers [3, 5-10]. Today, the values of the Hansen solubility parameters are often 
used to predict the miscibility between two components. Geometrically, these three values can 
be thought of as describing a locus in the 3-D Hansen space. In general, the closer in proximity 
that two molecules are located in the 3-D Hansen space, the more compatible they are, i.e. they 
are more soluble or miscible. Since the experimental determination of the numerical values of δd, 
δp and δh is very time consuming, therefore the values of the Hansen solubility parameters are 
usually estimated using some computational methods. In literature one can find several methods 
for computation the values of δd, δp and δh components based on summation of group 
contributions attributed to the chemical structure of both solvents and solutes. Among the most 
popular computational methods are those described in the following papers: [4, 10-15].  

In our previous work [16] we have studied the effect of extraction time of blackthorn 
flowers using various mixtures of ethanol and water in order to obtain the information on the 
antiradical activity the extracts of a potential use in cosmetics. In this work we describe results 
of our experimental work on extraction of active compounds present in aqueous ethanolic 
extracts of dried blackthorn flowers.  

Blackthorn (Pronus spinose L.) is a plant being a member of Rosaceae family and it is naturally 
found in Europe, northwest Africa and western Asia. In the latter region various parts of  
blackthorn were used therapeutically for many years  [17, 18]. Flowers of blackthorn are diurectic 
and vermicide while fruits are being use in folk medicine as laxatives for a long time [19].  

As a result of exhaustive studies carried out by Marchelak et al. [20] it was found that 1 g 
of dry weight extracts of blackthorn flowers may contain even up to 584.04 mg of phenolics 
including up to 490.63 mg of flavonoids, 109.43 mg of proantocyanidines and 66.77 mg 
phenolic acids. Therefore, although the blackthorn flowers extracts can be regarded as a rich 
source of polyphenols we still need a simple and effective method for extraction of active 
ingredients present in blackthorn flowers. It was reported by Veličković et al. [21] that in 
blackthorn flowers flavonoids are present mostly in the form of monoglucosides, mainly 
kaempferol and quercetin 3-O-arabinosides. 

In this work we apply the Hansen solubility parameters computed by means of the group 
contribution proposed in the original computational method developed by Stefanis and 
Panayiotou [14] in order to evaluate the solvent composition for efficient extraction of active 
compounds present in dried blackthorn flowers. We have compared the experimentally found 
optimum composition of the used solvents based on few experimental methods to the results 
obtained from the Stefanis and Panayiotou’s method. It should be noted, however, that this 
method is included in the newest version of the HSPiP software (ver. 5.2.05) developed by 
Abbott, Hansen and Yamamoto [22].  

The aim of this work was to examine a practical usefulness of  the Hansen solubility 
parameters to determine the composition of solvents for efficient extraction of active 
compounds present in the dried plant material. We intended to determine the antioxidant 
properties of active compounds present in the extracts obtained from blackthorn  flowers using 
various water-ethanol mixtures. In addition, we applied the Hansen solubility parameters 
computed by means of the group contribution method developed by Stefanis and Panayiotou 
[14] for various extractants in order to find the solvent composition for the most efficient 
extraction of active compounds present in the plant material investigated in this work. 

Figure 1 shows the chemical structures of some phenolic antioxidants present in dried 
flowers of blackthorn as described in literature [20, 21, 23, 24]. According to various literature 
data phenolic antioxidants present in the extracts of blackthorn flowers include phenolic acids 
(p-coumaric acid (I), caffeic acid (II), chlorogenic acid (III)), flavonoids (kaempferol (IV), 
quercetin (V)) and flavonoid glucosides (kaempferol 3-O--L-arabinofuranoside (juglanin 
(VI)), quercetin 3-O--L-arabinofuranoside (avicularin (VII)), kaempferol 7-O--L-ramnopy-
ranoside (VIII), isorhamnetin-3-O-glucoside (IX), isorhamnetin-3-O-rhamnoside (X), kaemp-
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ferol 3-O--D-xylopyranoside (XI), quercetin 3-O--D-xylopyranoside (XII), kaempferol  
3-O--L-ramnopyranoside (afzelin (XIII)), kaempferol 3-O-(2’’-E-p-coumaroyl)--L-ara-
binofuranoside) (XIV), kaempferitrin (XV)). The bold Roman numbers given in parenthesis 
correspond to the structures of some phenolic antioxidants shown in Figure 1.   
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Fig. 1. Chemical structures of selected phenolic antioxidants present in dried blackthorn flowers  
Rys. 1.  Budowa chemiczna wybranych przeciwutleniaczy fenolowych obecnych w ekstraktach suszonych kwiatów 

tarniny śliwy 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 72

2. Experimental 

2.1. Materials 

Dried blackthorn (Pronus spinosa L.) flowers were purchased at the local market.  
A special grade of ethyl alcohol sample containing 99.99% of EtOH (POCH, Poland) was 
used as supplied without any further purification. In all extraction experiments we have used 
also a redistilled water which was additionally purified by means of a further boiling with 
alkaline KMnO4 solution and finally fractionally distilled. 

2.2. Extraction 

 In our extraction research as solvents we have used several ethanol – water mixtures 
containing 0, 25, 50, 75 and 100% (v/v) of ethanol. In each experiment the 1 g of dried 
blackthorn flowers were placed in dark bottles and stirred at room temperature for 5 minutes 
with 100 cm3 of the designed solvent. After that the samples were kept without stirring in  
a dark compartment for two weeks at room temperature and then filtered under a slightly 
reduced pressure. The filtrates obtained in such a way were analyzed for antiradical properties 
using standard methods described below. The extraction procedure of active compounds 
present in blackthorn flowers was repeated twice and all results presented in this work are the 
mean values. 

2.3. Total phenolics content 

The determination of the total content of phenolic compounds present in the extracts of 
dried blackthorn (Pronus spinosa L.) flowers was performed by means of the spectropho-
tometric method using Folin–Ciocalteu reagent following the procedure described by 
Singleton and Rossi [25] with gallic acid as a reference compound. The total content of 
phenolic compounds present in the extracts was carried out in the following way: 0.1 cm3 of 
the extract and 0.5 cm3 of Folin–Ciocalteu reagent was mixed with 6 cm3 of water and the 
resulting solution was stirred and left for 3 minutes. Then 1.5 cm3 of 20% (w/w) of aqueous 
sodium carbonate solution was added and this solution and the resulting mixture was diluted 
with water to the final volume of 10 cm3. After keeping the sample in dark compartment for  
2 hours the absorbance of the sample was measured at 765 nm against blank solution. The 
spectrofotometrical determination of the total content of phenolic compounds in the extracts 
was repeated three times and here we present only the mean values.  

2.4. Flavonoids content 

The determination of the content of flavonoids present in the extracts of dried blackthorn 
(Pronus spinosa L.) flowers was performed by means of the spectrophotometric method 
proposed by Karadeniz et al. [26]. In our procedure a sample of 1.0 cm3 of the extract, 5.0 cm3 
of water was mixed with 0.3 cm3 of 5% aqueous solution of sodium nitrate(III). The resulting 
solution was stirred and left for 5 minutes. Then 2.0 cm3 of 1 M aqueous solution of 
aluminium trichloride was added and the mixture was again stirred. After keeping the sample 
for 5 minutes 2 cm3 of 1M aqueous solution of NaOH was added, the resulting mixture was 
diluted with double distilled water to the final volume of 10 cm3 and the absorbance was 
measured at 510 nm against blank solution. The standard calibration curve was plotted using  
(-)epicatechin in the range 0-10 mg/dm3. The results were expressed as mg of (-)epicatechin 
equivalents (ECE) per 1 g of dried blackthorn flowers. 

All spectrophotometric measurements were carried out at room temperature using the  
SP-8001 UV-VIS spectrophotometer (Metertech, Taiwan) connected with the personal 
computer via RS232 interface.  
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Statistical analysis of the numerical data presented in this work was performed using the 
statistical tools incorporated in the Microsoft Excel 2016 spreadsheet. Errors of numerical 
parameters of nonlinear equations used in this work were estimated by means of SolverAid 
macro as developed by De Levie [27]. 

2.5. Computation of Hansen solubility parameter components 

 In the present work we have used the original version of the computational group con-
tribution method developed by Stefanis and Panayiotou [14] to calculate the values of Hansen 
solubility parameters for main antioxidants present in the extracts. We have computed the 
numerical values of the dispersion group component (d [MPa1/2]), polar group component  
(p [MPa1/2]), and hydrogen bond group component (h [MPa1/2]) for selected antioxidants 
present in dried flowers of blackthorn. The numerical values [MPa1/2] of some group contribu-
tions used in our computation are listed in Table 1. 
 
Table 1.  Some group contribution components, (i [MPa1/2]), to the HSP value [14] 
Tabela 1.  Wybrane udziały grup, (i [MPa1/2]), składowych wartości HSP [14] 

 
Symbols: ArC – carbon atom in the aromatic ring.  
Symbole: ArC – atom węgla w pierścieniu aromatycznym.  

 

Group symbol Group contribution d p h 

A ArC 0.8446 0.6187 0.0084 

B ArC-H 0.1105 -0.5303 -0.4305 

C ArC-O-C 0.2568 0.8153 0.6092 

D ArC-OH 0.5288 1.1010 6.9580 

E -CH3 -0.9714 -1.6448 -0.7813 

F -CH2- -0.0269 -0.3045 -0.4119 

G -CH< 0.6450 0.6491 -0.2018 

H >C< 1.2686 2.0838 0.0866 

I -CH=CH- 0.0048 -0.2984 -0.0400 

J -CH=C< 0.5372 -0.9024 -1.8872 

K >C=C< 0.3592 1.0526 -15.4659 

L -COO- 0.2039 3.4637 1.1389 

M -COOH -0.2910 0.9042 3.7391 

N >C=O -0.4343 0.7905 1.8147 

O -OH -0.3462 1.1404 7.1908 

P -O- 0.0472 3.3432 0.0256 

Q >CH-OH (correction) 0.1123 0.2564 -0.1928 

R >C=O  (correction) -0.2981 0.4497 -0.4794 

S cyclic OH (correction) -0.0876 -3.5220 0.5914 

T -C=C-C=C- (correction) -0.1355 -3.5085 -1.0705 

U Alicyclic ring of 5 carbons -0.6681 -2.3430 -0.3079 

V Alicyclic ring of 6 carbons -0.3874 -3.6432 0.0000 
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3. Results and discussion 

 In order to estimate the numerical values of the molar volume and the Hansen solubility 
parameter contributions attributed to the dispersion, polar and hydrogen bonding interactions 
for active compounds present in the extracts of dried blackthorn flowers we have used the 
original computational group contributions method developed by Stefanis and Panayiotou’s 
[14].  
 The chemical structures of the main antioxidants present in dried blackthorn  flowers are 
listed in Table 2. The structures are given using the same group symbols (A-V) as defined in 
Table 1. 
 
 
Table 2.  Numbers of structural groups for major phenols of dried blackthorn flowers 
Tabela 2.  Liczba elementów strukturalnych dla głównych związków fenolowych obecnych w suszonych kwiatach 

tarniny śliwy 

 
Source/Źródło: this work /badania własne. 

 
 
 
 Table 3 contains the numerical results of our computations of Hansen solubility parameters 
attributed to antioxidants present in dried blackthorn flowers using the number of structural 
elements as listed in Table 2. 
 
 

 A B C D E F G H I J K L M N O P Q R S T U V 

I 1 4  1     1    1       1   

II 1 3  2     1    1       1   

III 1 3  2  2 3 1 1   1 1  3   3  1  1 

IV 3 6  3       1   1 1 1  1 1 1  1 

V 3 5  4       1   1 1 1  1 1 1  1 

VI 3 6  3  1 4    1   1 3 3  2 1 1 1 1 

VII 3 5  4  1 4    1   1 3 3  2 1 1 1 1 

VIII 3 6 1 2 1  5    1   1 4 2  4 1 1  2 

IX 3 5 1 3 1 1 5    1   1 3 2 3 1  1  2 

X 3 5 1 3 2  5    1   1 3 3  3 1 1  2 

XI 3 6  3  1 4    1   1 3 3  3 1 1  2 

XII 3 5  4  1 4    1   1 3 3  3 1 1  2 

XIII 3 6  3 1  5    1   1 3 3  3 1 1  2 

XIV 3 10  4  1 4  1  1 1  1 2 3  1 1 2 1 2 

XV 4 6 1 2 2  10    1   1 6 5  6 1 1  3 
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Table 3. Values of group contributions [MPa1/2] to the Hansen solubility parameters as computed by means of 
the original Stefanis and  Panayiotou’s method for several antioxidants present in dried blackthorn 
flowers 

Tabela 3.  Wartości udziałów składowych do wartości parametrów rozpuszczalności Hansena [MPa1/2] obliczone przy 
użyciu oryginalnej metody Stefanisa i Panayiotou’a dla kilku przeciwutleniaczy obecnych w suszonych 
kwiatach tarniny śliwy 

 

 
Source/Źródło: this work /badania własne. 

 
 Figure 2 shows the effect of ethanol concentration on the total content of phenolic 
compounds present in the extracts. As can be seen the highest amount of phenolics is extracted 
from dried blackthorn flowers using ca. 50% ethanol solution in water. 

 

 
 
Fig. 2.  Effect of extractant composition on the total phenolics content in the dried blackthorn flowers extracts  
Rys. 2.  Wpływ składu ekstrahentu na całkowitą zawartość związków fenolowych w ekstraktach suszonych kwiatów 

tarniny śliwy 
Source/Źródło: this work /badania własne. 
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I 18.72 4.05 15.84 19.15 24.52 24.85 

II 19.14 5.68 23.23 19.96 30.10 30.63 

III 20.80 1.78 46.37 20.88 50.83 50.86 

IV 20.82 5.43 18.90 21.52 28.12 28.64 

V 21.24 7.07 26.28 22.39 33.79 34.53 

VI 22.02 10.83 33.39 24.54 39.17 40.64 

VII 22,44 12.46 39.78 25.67 45.67 47.34 

VIII 21.16 -0.70 34.13 21.18 40.16 40.16 

IX 22.80 10.38 32.04 25.05 39.33 40.67 

X 21.09 5.02 32.98 21.68 39.15 39.47 

XI 22.22 6.01 33.29 23.01 40.02 40.47 

XII 22.63 7.64 40.68 23.89 46.55 47.18 

XIII 21.92 5.32 32.72 22.55 39.38 39.74 

XIV 23.96 8.82 29.87 25.53 38.29 39.30 

XV 22.30 2.53 47.98 22.45 52.91 52.97 
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As can be seen in Figure 2, the maximum phenols concentration corresponds to ca. 50% 
concentration of ethanol in extractant mixture. It should be noted, however, that a very similar 
result can be observed using the extractants containing 25-75% of ethanol. 
 Figure 3 shows the effect of extractant composition on the flavonoids content in the dried 
blackthorn flowers extracts. It can be seen that the maximum content of flavonoids in the 
blackthorn flower extracts corresponds to ca. 72% concentration of ethanol in extractant 
mixture. Therefore, one can expect that it should correspond to the maximum antioxidant 
activity of the extract. 
 In order to show the solubility data (such as HSP parameters) described by three 
parameters in 2-D plane we draw the data using a plot proposed by Bagley and Chen [28] in 
the δv – δh or δv – δa coordinates system, where:  
 

  2122 /

pdv  
  

  2122 /

hpa  
 

 
 A location of the solute in the Bagley’s plot inside the circle of radius of 5 MPa1/2 is 
usually attributed to good solubility of the solute by a tested solvent composition. In such a 
case it is supposed that the active component of a plant can be extracted by means of a given 
solvent or a mixture of solvents. It is generally accepted that the location in the Bagley’s plot 
of a given active component of the plant far from the center sphere assigned to a given mixture 
of solvents on the Bagley’s plot suggests a poor affinity of the solute to the solvent, thus such 
a solvent usually does not work efficiently as the extractant of a given component.  
 
 

 
 
Fig. 3.  Effect of extractant composition on the flavonoids content in the dried blackthorn flowers extracts  
Rys. 3.  Wpływ składu ekstrahentu na zawartość flawonoidów w ekstraktach suszonych kwiatów tarniny śliwy 
Source/Źródło: this work /badania własne. 

 
Figure 4 shows the of main phenolic compounds present in the extracts of blackthorn 

flowers presented in the V – H plot. The  points corresponding to the antioxidants present in 
the blackthorn flowers are mostly located within circle of the radius of 5 MPa1/2 with the 
center corresponding to the extractant composition containing 25%, 50% and 75% of ethanol. 

0,00
0,05
0,10
0,15
0,20
0,25
0,30
0,35
0,40
0,45

0 25 50 75 100

Fl
av

on
oi

ds
[m

g 
(-)

ep
ic

at
ec

hi
n/

g]

Ethanol content [% v/v]



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 77

The points located close to water correspond to structures: III, VII, XII and XIII. The points 
located inside the circle having a center corresponding to 25% EtOH have structures: VI, 
VIII, IX, X, XI, XIII and XIV. The points located inside the circle having a center 
corresponding to 50% EtOH have structures: II, V and XIV. The points located inside the 
circle having a center corresponding to 75% EtOH have structures: II, IV and VII, while those 
inside the circle having a center corresponding to 100% EtOH have structures: II, IV and I. 
These compounds have two vicinal hydroxyl groups in the B ring of the flavonoid structure. 

All these groups of flavonoids are very active antioxidants. And according to the HSP 
theory all groups of flavonoids can be extracted using aqueous solution of ethanol containing 
25-75% of EtOH, being in good agreement with our experimental results on flavonoid content 
in the extracts presented in Figure 3. 

Figure 5 shows the of main phenolic compounds present in the extracts of blackthorn 
flowers presented in the Bagley’s plot with V – A coordinates.  

 

 
 

Fig. 4.  Relationship between H and V values computed for aqueous solutions of ethanol and various antioxi-
dants present in blackthorn flowers extracts 

Circle: dotted – 25% EtOH, dashed – 50% EtOH, solid – 75% EtOH 
Open symbols – composition of extractants, closed symbols – extract components  
Rys. 4.  Zależność pomiędzy wartościami H i V dla wodnych roztworów etanolu oraz wybranych przeciwutleniaczy 

obecnych w ekstraktach suszonych kwiatów tarniny śliwy 
Okrąg: kropkowany – 25% EtOH, kreskowany  – 50% EtOH, ciągły – 75% EtOH 
Otwarte symbole – skład ekstrahentów, symbole zamknięte – składniki ekstraktu 

 
Source/Źródło: this work /badania własne. 
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The  points corresponding to the antioxidants present in the blackthorn flowers are mostly 
located within circle of the radius of 5 MPa1/2 with the center corresponding to the extractant 
composition containing 25-75% of ethanol. Also in this type of plots the points correspond 
with the following structures: III, VII, XII and XV seem to be extractable only using water 
without any addition of ethanol.  

 

 
 
Fig. 5.  Bagley’s plot for aqueous solutions of ethanol and selected antioxidants present in blackthorn flowers 

extracts  
Circle: dotted – 25% EtOH, dashed – 50% EtOH, solid – 75% EtOH 
Open symbols – composition of extractants, closed symbols – extract components  
Rys. 5.  Wykres Bagley’a dla wodnych roztworów etanolu oraz wybranych przeciwutleniaczy obecnych w ekstrak-

tach suszonych kwiatów tarniny śliw 
Okrąg: kropkowany – 25% EtOH, kreskowany  – 50% EtOH, ciągły – 75% EtOH 
Otwarte symbole – skład ekstrahentów, symbole zamknięte – składniki ekstraktu 

 
Source/Źródło: this work /badania własne. 

 

Conclusions 

In this work we examined a practical usefulness of the Hansen solubility parameters (HSP) 
in order to the optimal composition of solvents for efficient extraction of antioxidants present 
in the dried blackthorn flowers. We have use the original computational group contributions 
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method proposed by Stefanis and Panayiotou’s to estimate the HSP values for mixtures of 
solvents and selected model phenolic compounds present in the tested plant material. Results 
of the calculations were visualized using the Bagley’s plot. We have experimentally found that 
the Stefanis and Panayiotou’s group contributions method can be successfully used to find the 
optimal composition of mixtures containing ethanol and water allowing for effective 
extraction of polyphenolic compounds present in the dried blackthorn flowers. 

References 

[1]  Hildebrand J.H. (1935) Solubility. XIV. Experimental tests of a general equation for 
solubility, Journal of the American Chemical Society, 57, 866-871. 

[2]  Hildebrand J., Scott R.L. (1962) Regular solutions. Prentice-Hall, Englewood Cliffs, 
New, New Jersey. 

[3]  Hansen C.M. (1967) The three dimensional solubility parameter – key to paint component 
affinities. Journal of Paint Technology, 39 (505), 104-117.  

[4]  Hansen C.M. (2007) Hansen Solubility Parameters: A user’s Handbook. CRC Press 
LLC, Boca Raton, Florida. 

[5]  Karger B.L. (1978) Expanded solubility parameter treatment for classification and use of 
chromatographic solvents and adsorbents. Analytical Chemistry, 50, 2126-2136. 

[6]  Duclairoir C, Nakache E., Marchais H, Orecchioni A.M. (1998) Formation of gliadin 
nanoparticles: influence of the solubility parameter of the protein solvent. Colloid and 
Polymer Science, 27, 6321-6327. 

[7]  Ramos A.C.D.S., Rolemberg M.P., Moura L.G.M.D., Zilio E.L., Santos M.D.F.P.D., 
González G. (2013) Determination of solubility parameters of oils and prediction of oil 
compatibility. Journal of Petroleum Science and Engineering, 102, 36-40. 

[8]  Sarode A.L., Sandhu H., Shah N., Malick W., Zia H. (2013) Hot melt extrusion (HME) 
for amorphous solid dispersions: predictive tools for processing and impact of drug–
polymer interactions on supersaturation. European Journal of Pharmaceutical Sciences,  
48 (3), 371-384. 

[9]  Barton A.F.M. (1983) Handbook of solubility parameters and other cohesion parameters. 
CRC Press, Inc., Boca Raton, Florida. 

[10]  Just S., Sievert F., Thommes M., Breitkreutz J. (2013) Improved group contribution 
parameter set for the application of solubility parameters to melt extrusion. European 
Journal of Pharmaceutics and Biopharmaceutics, 85, 1191-1199. 

[11]  Hoy K.L. (1970) New values of the solubility parameters from vapor pressure data. 
Journal of Paint Technology, 42, 76-118. 

[12]  Hoy K.L. (1989) Solubility parameter as a design parameter for water–borne polymer 
sand coatings. Journal of Coated Fabrics, 19, 53-67. 

[13]  van Krevelen D.W., te Nijenhuis K.. (2009) Properties of polymers, their correlation with 
chemical structure; their numerical estimation and prediction from additive group 
contributions. 4th ed. Elsevier, Amsterdam, pp.189-227. 

[14]  Stefanis E., Panayiotou C. (2008) Prediction of Hansen solubility parameters with a new 
group-contribution method. International Journal of Thermodynamics, 29 (2), 568-585. 

[15]  Stefanis E., Panayiotou C. (2012) A new expanded solubility parameter approach. 
International Journal of Pharmaceutics, 426 (1-2), 29-43. 

[16]  Rejniak J.M., Zieliński R. (2014) Potential antiradical activity of Prunus spinosa 
extracts. In: Salerno-Kochan R. (ed.): Commodity science in research and practice – non-
food products’ quality and innovations. Polish Society of Commodity Science, Cracow, 
pp. 139-150. 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 80

[17]  Ayla S., Günal M.Z., Şakul A.A.S., Biçeroğlu Ö., Özdemir E.M., Okur M.E., Polat D. Ç., 
Okur N. Ü., Bilgiç B.E. (2017) Effect of Prunus spinose L. fruits on experimental wound 
healing. Medeniyet Medical Journal, 32, 152-158. 

[18]  Ruiz-Rodríguez B.M., de Ancos B., Sánchez-Moreno C., Fernández-Ruiz V. (2014) 
Wild blackthorn (Prunus spinose L.) and hawthorn (Crataegus monogyna Jacq.) fruits as 
valuable sources of antioxidants. Fruits, 69, 61-73.  

[19]  Karakas N., Okur M.E., Ozturk I., Ayla S., Karadag A.E., Polat D.Ç. (2019) Antioxidant 
activity of blackthorn (Prunus spinosa L.) fruit extract and cytotoxic effects on various 
cancer cell lines. Medeniyet Medical Journal, 34, 297-304.  

[20]  Marchelak A., Owczarek A., Matczak M., Pawlak A., Kołodziejczyk-Czepas J., Nowak P., 
Olszewska M.A. (2017) Bioactivity potential of Prunus spinosa L. flower extracts: 
phytochemical profiling, cellular safety, pro-inflammatory enzymes inhibition and prote-
ctive effects against oxidative stress in vitro. Frontiers in Pharmacology, 8, 680, 1-15. 

[21]  Veličković J.M., Kostić D.A., Stojanović G.S., Mitić S.S., Mitić M.N., Ranđelović S.S., 
Aleksandra S. Đorđević A.S. (2014) Phenolic composition, antioxidant and antimicrobial 
activity of theextracts from Prunus spinosa L. fruit. Hemijska Industrija, 68 (3) 297-303. 

[22]  Abbott S., Hansen C.M., Yamamoto H. Valpey III R.S. (2019) Hansen solubility in 
practice. Complete with eBook, software and data. Ver. 5.2.05. 

[23]  Olszewska M., Wolbiś M. (2001) Flavonoids from the flowers of Prunus spinose L. Acta 
Poloniae Pharmaceutica, 58 (5), 367-372. 

[24]  Olszewska M., Wolbiś M. (2002) Further flavonoids from the flowers of Prunus spinose 
L. Acta Poloniae Pharmaceutica, 59 (2), 133-137. 

[25]  Singleton V.N., Rossi J.A. (1965) Colorimetry of total phenolics with phosphomolybdic 
phosphotungstic acid reagents. American Journal of Enology and Viticulture, 16 (3), 
144-158. 

[26]  Karadeniz F., Burdurlu H.S., Koca N., Soyer Y. (2005) Antioxidant activity of selected 
fruits and vegetables grown in Turkey. Turkish Journal of Agricultural Forum, 29 (4), 
297-303. 

[27]  De Levie R. (2012) Advanced Excel for scientific data analysis. 3rd edition. Atlantic 
Academic LLC. 

[28]  Bagley E.B., Chen S.A. (1969) Hydrogen bonding effects in non-electrolyte solutions. 
Journal of Paint Technology, 41, 494-499.  

 
 
 

Summary 

The aim of this work was to determine a practical usefulness of the original computational 
method proposed by Stefanis and Panayiotou to determine the composition of solvents for 
efficient extraction of antioxidants present in dried flowers of blackthorn (Pronus spinosa L.). 
The numerical values of the solubility parameters obtained in such a way for mixtures of two 
components systems: water – ethanol were presented using Bagley’s plot.  

We have assumed that the condition for a correct selection of the extractant mixture is the 
distance on the Bagley's plot below 5 MPa1/2 between the mixture of solvents and the extracted 
component. On this basis we have found the optimum composition of the used solvents. This 
result was verified for the extraction process of polyphenolic compounds present in blackthorn 
flowers. It was shown experimentally that the extractant composition determined in such  
a way leads to obtainment of dried blackthorn flowers extracts with a high content of 
polyphenolic compounds. 

 
 



TOWAROZNAWCZE  PROBLEMY  JAKOŚCI  1(62)/2020 

 81

Ryszard ZIELIŃSKI 

Uniwersytet Ekonomiczny w Poznaniu, Instytut Nauk o Jakości,  
Katedra Technologii i Analizy Instrumentalnej 

 

ZASTOSOWANIE METODY STEFANISA – PANAYIOTOU’A  
W DOBORZE ROZPUSZCZALNIKA DO PROCESU EKSTRAKCJI 

PRZECIWUTLENIACZY Z KWIATÓW TARNINY ŚLIWY 

Streszczenie 

Celem badań podjętych w niniejszej pracy było określenie praktycznej przydatności orygi-
nalnej metody obliczeniowej zaproponowanej przez Stefanisa i Panayiotou’a do określania 
składu rozpuszczalników zapewniających wydajną ekstrakcję przeciwutleniaczy zawartych  
w suszonych kwiatach tarniny śliwy (Pronus spinosa L.). Obliczono wartości składowych pa-
rametrów rozpuszczalności mieszanin rozpuszczalników oraz modelowych związków fenolo-
wych obecnych w tym surowcu roślinnym. Tak otrzymane wartości oraz odpowiednie war-
tości dla dwuskładnikowych mieszanin: woda – etanol przedstawiono na wykresie Bagley’a.  

W pracy założono, że warunkiem poprawnego doboru składu mieszaniny ekstrakcyjnej 
jest odległość tej mieszaniny od ekstrahowanego składnika na wykresie Bagley’a poniżej  
5 MPa(1/2). Na tej podstawie wyznaczono optymalny skład mieszaniny ekstrakcyjnej. Wynik 
ten zweryfikowano dla procesu ekstrakcji związków polifenolowych z kwiatów tarniny śliwy. 
Doświadczalnie wykazano, że tak wyznaczony skład ekstrahentu prowadzi do uzyskania eks-
traktów suszonych kwiatów tarniny śliwy o wysokiej zawartości związków polifenolowych. 
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1. Introduction 

Hair is a flexible, callous epidermis that only occurs 
in mammals on the surface of their skin [1]. Depending 
on the thickness and length of the hair, three types of 
hair can be distinguished on the human body. Bristle 
hair is eyelashes, eyebrows and hair on the ears and 
nose. Head, chin, pubic and armpit hair are long. The 
other delicate body hair is called a nap [2]. 

Hair is made of an outer part called the stem and an 
inner part called the root. The stem (hair shaft) is above 
the surface of the skin and is the dead part. In contrast, 
the root is made of living cells and is under the skin in 
the hair follicle [1].  

A hair shaft consists of 3 distinct parts: medulla, 
cuticle and cortex. Medulla (marrow) is innermost layer 
of the hair shaft, composed of an amorphous, soft, oily 
substance. Cortex is a main and the biggest component 
of the hair, containing long keratin chains that add 

elasticity, suppleness and 
resistance to the hair. The cells of 
the cortex are joined together by 
an intercellular cement rich in 
lipids and proteins. Depending on 
the breed, its diameter can be 
from 40 to 100 µm. Cuticle is a 
thin protective outer layer that 
contains the nourishing portion 
essential to hair growth. It is 
highly keratinized, composed of 
cells shaped like scales that are 
layered one over the other, 
measuring about 60 micrometers 
long and about 6 micrometers 
wide [3, 4]. 

Hair grows out of follicles 
located in the junction between 
the deep layers of the dermis and 
the hypodermis. These follicles 
are also known as hair bulbs [1]. 
The inner, subcutaneous part of 
the hair is a root that is covered 
by a sheath called a hair follicle 
(Fig. 1). The lower part of the 
root deep in the skin ends with a 
pronounced thickening, which 
due to its shape is called a hair 
bulb and is the right place where 
the hair forms. From below, a 
connective tissue richly 
vascularized hair papilla, which 
corresponds to the dermis papilla, 
sinks into the hair bulb [1]. Blood 
flow is supplied by a small vessel 
that passes through the inside of 
the hair shaft, thus providing the 
hair with all the vital elements it 
needs to remain healthy such as 
amino acids, mineral salts or 
vitamins. Through the capillaries 
escaping from the nipple, the hair 
is supplied with the necessary 
nutrients. This is the only way to 
nourish your hair. The hair is 
thicker and longer the larger the 
hair papilla is. If the hair follicle 
is damaged, the wart weakens 
and decreases its activity. The 
adjunct muscle connects to the 
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hair follicle, which is innervated by the autonomic system, which is responsible for its proper 
operation. In the upper part of the hair follicle there are glands, the most important being the 
sebaceous gland, which produces sebum that acts as a natural lubricant for the hair [2, 5]. 

 
 

Fig. 1.  Hair structure 
Rys. 1.  Budowa włosa 
Source: [6]. Źródło: [6]. 

 
Hair is made up largely of keratin or insoluble protein substance, and in a small amount of 

water-soluble substances such as phenols, pentose, glutamic and uric acid, valine, glycogen 
and leucine. Keratin, like other proteins, is composed of amino acids (e.g. proline, threonine, 
leucine and arginine). Hair building keratin contains about 20% of the sulfur rich amino acid, 
cysteine, which distinguishes it from keratin of the stratum corneum. Thanks to many types of 
bonds in keratin molecules, the hair has a stable mechanical and chemical structure [4].  

Haircare products are used to maintain the natural condition of the hair, and in case of 
damaged hair to regenerate and restore its original condition. Hair condition can be adversely 
affected by factors such as the sun, brushing, high temperature, hair styling devices, and 
hairdressing treatments. Hair care products come in many forms [7]. The main groups of 
products for care and styling of hair are: shampoos, hair conditioners and masks, hair oils, hair 
water, hair sprays, hair styling foams, hair gels [2, 8].  

Shampoos are products for washing hair, designed to get rid of dirt, sweat, produced 
tallow, exfoliated skin and residues from products for hair care and styling [2] from the scalp 
and hair. Initially, soap solutions, sometimes obtained from low-quality fats or so-called black 
soap, were used for the production of shampoos. Over time, olive, coconut, almond and other 
precious oils were used. Even today, some people are convinced that so-called gray soap is  
a very good hair cleanser. The use of such solutions for a long time can cause allergies and 
hair loss. Along with the progress in the production of synthetic detergents, there was  
a technological breakthrough in the production of shampoos [9]. 

Shampoos can be in the form of liquid, cream, powder, gel, oil, sprays. They contain many 
ingredients that can be divided into several groups: 
•  detergents, i.e. surfactants with cleansing and foaming properties, 
•  auxiliary substances, i.e. measures aimed at improving purification, improving the foaming 

capacity of detergents and modifying the effect of shampoo, 
• additional substances supplementing the appearance, smell, color of the shampoo, therapeutic 

agents, thickening, opacifying, conditioning, complexing, clarifying, solvents [10, 11]. 
Currently, shampoos are designed to fulfill several functions such as effectively cleanse 

the hair and scalp without causing dryness, they should be easily rinsed off the hair surface 
and have good foaming properties, ingredients must be safe and well affect the scalp, should 
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fulfill their role regardless of the water hardness value, their use should be easy and 
convenient to use [12-14]. 

Depending on the purpose and type of hair, shampoos can be divided into several different 
types e.g.: 
• shampoos dedicated to children, 
•  anti-dandruff shampoos, 
•  shampoos for oily hair, 
•  shampoos for dry and damaged hair, 
•  healing shampoos, 
•  dry shampoos, 
•  2 in 1 shampoos [15-20].  

The global professional hair care market size was valued at $18,072.9 million in 2017, and 
is projected to reach $26,242.7 million by 2026, registering a Compound Annual Growth Rate 
(CAGR) of 4.6% from 2019 to 2026 [21]. 

The global hair care products market has been segmented based on type, distribution 
channel, and region. Based on type, the global haircare market is divided into shampoos, 
conditioners, hair oils, and more. The shampoo segment is expected to control most of the 
market and record the highest compound annual growth rate. 

The global haircare market is divided into store-based and non-stores-based based on 
distribution channels. The store-based segment is further segmented into supermarkets and hy-
permarkets, convenience stores, and others. The store segment is expected to represent the 
largest market share. However, the non-store segment is expected to show a high growth rate 
during the forecast period, 2019 to 2024 [22, 23]. 

One of the newest trends in development of haircare products is bonded with the use of 
natural ingredients which can provide some beneficial effect of the product for the consumer. 
The quality of haircare products including shampoos can be determined by the assessment of 
some usage and physiochemical properties. In the paper we present results of usage and 
physiochemical properties of shampoos composed with the addition of commercial fruit 
extracts. The effect of these extracts on quality of shampoos was also evaluated.  

2. Experimental 

2.1. Material 

The research material were hair shampoos with the addition of commercial fruit extracts. 
Extracts from mango, raspberry, pomegranate and black currant were purchased from 
www.mazidla.pl store. The composition of five shampoos (A – E) is presented in Table 1. 
 
Table 1.  Composition of hair shampoos (in grams) 
Tabela 1.  Skład receptury szamponów do włosów (w gramach) 
 

Ingredient, INCI A B C D E 

Sodium Laureth Sulfate 12 12 12 12 12 

Cocamidopropyl betaine 1.2 1.2 1.2 1.2 1.2 

Cocamide DEA 6 6 6 6 6 

Water 168.8 168.8 168.8 168.8 178.8 

Sodium chloride 2 2 2 2 2 

Punica Granatum (Pomegranate) Fruit Powder 10 0 0 0 0 

Ribes Nigrum (Black Currant) Fruit Powder 0 10 0 0 0 

Mangifera Indica (Mango) Fruit Powder 0 0 10 0 0 

Rubus Idaeus (Raspberry) Extract Powder 0 0 0 10 0 
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All the shampoos were prepared by dissolving all ingredients in warm water. Fruit extract 
was added to the formulation after cooling the shampoo.  

2.2. Methods 

The obtained shampoos were subjected to a series of tests aimed at determining functional 
properties. 

2.2.1. Total phenolics content  

The total content of phenolic compounds in a sample (10% aqueous solutions of each 
extract) was determined by a spectrophotometric method using Folin-Ciocalteu reagent and 
gallic acid as the standard [24, 25]. The obtained results of absorbance were calculated 
according to the slope of the calibration curve illustrating the dependence of the absorbance of 
the ethanol solution of gallic acid and its concentration. The mathematical form of calibration 
curve presents the following equation of a linear function y = 0,1238x. Results were presented 
as GAE/ml (Gallic Acid Equivalent).  

2.2.2. pH value assay  

The pH was tested for shampoo samples. The tests were carried out with the use of Mattler 
Delta 350 meter. 

2.2.3. Foaming properties 

The study also attempted to assess the foaming properties of shampoos. For this purpose 
aqueous solutions were prepared. In the first stage of the analysis, 200 grams of an aqueous 
solution was prepared, consisting of: 198 grams of distilled water at room temperature and  
2 grams of intimate hygiene liquid. Foaming properties were determined using the method 
described in Polish Standard PN-EN 12728 [26]. It is a method of producing foam with  
a perforated disk with strictly defined dimensions. A test solution was placed in cylinders with 
a volume of 1000 cm3. Next, foam was created using a perforated disk mounted on a metal rod 
(foam production time: 1 min, stroke length 33 cm, lowest disk position 5 mm). The foam 
volume was measured 10 seconds, 1 minute and 10 minutes after the end of the study. The test 
was carried out twice and the final result is the arithmetic average of both analyzes. The 
research allowed to determine foamability and foam stability index. 

2.2.4. Determination of viscosity 

Viscosity was tested for shampoos. The tests were carried out with the use of viscometers 
RVDV2T extra (Brookfield) in room temperature. The measurement was conducted within  
30 second with the sampling rate 1 second. The rotation speed of a spindle was 100 rpm. The 
test was carried out twice and the final result is the arithmetic average of both analyzes. 

2.2.5. Surface properties 

The surface tension of the aqueous solutions of intimate hygiene liquid was measured by 
the Du Nouy ring method with a K12 KRUSS tensiometer, with resolution 0.01 mN/m, at  
a constant temperature of 21°C. Aqueous solutions of the test products were prepared starting 
at a concentration of 1%. Following test solutions were made by serial dilution method.  

2.2.6. Wetting properties 

To determine the wetting properties, the contact angle was determined. The study was 
carried out for the aqueous solutions of 1% and 0.01% concentration. The contact angle of the 
paraffin surface was measured using a TRACKER tensiometer (I.T.Concept, France). From 
recorded kinetic curves the final value was read at the point of 30 seconds. 
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2.2.7. Hydration degree of the epidermis 

The measurement of skin hydration was performed using the Courage-Khazaka CM 825 
corneometer. The examined skin was not moisturized or exposed to UV radiation for at least 
24 h before the test and, four 1 cm2 locations were marked on forearm. Then, 2 cm3 of an 
aqueous solution of the examined shampoo was placed at the marked areas. Each of the 
sample tested was prepared by dissolving 2 grams of shampoo in 2 grams of water. The value 
of hydration degree was determined after 30, 60 and 120 min, respectively. 

2.2.8. Transepidermal water loss 

The study was carried out using a tewameter TM 300 TM Courage-Khazake. The 
examined skin was not moisturized or subjected to UV radiation for a minimum period of 24 h 
before the test. The first stage of the test was to prepare aqueous solutions of shampoos, in 
which 2 g of the cosmetic and 2 g of water were mixed. Then the skin was cleaned and 4 areas 
were marked on forearm. The next step was to apply 2 cm3 samples of the tested shampoos at 
the designated areas, determining three times the transepidermal water loss after 30 min,  
60 min. and 120 min, respectively.  

3. Results and discussion 

For personal care products a particularly important determinant of quality is pH value. The 
pH value of shampoos were measured and if necessary, the pH of the shampoo was adjusted to 
5-6.5 by adding lactic acid. The results of pH value of composed shampoos is presented in 
Table 2.  

According to the BN-86/6145-25 standard “Hair shampoos. Common requirements and 
tests” the acceptable pH of a 1% shampoo solution is in the range of 4.5-8 [27]. The correct 
pH of the shampoo is in the range from slightly acid to neutral. Hair swells in an alkaline 
environment, which is not beneficial. In addition, the hair would have a matte appearance after 
using soap as a cleansing agent. The results presented in tab. 2 indicate that pH value of 
shampoos are in the range of 4.5-8 instead of sample No. 2, which is too low. It is worth 
mentioned that there was no addition of lactic acid to the sample. It can be concluded that 
black currant extract can change the pH of the product even to very acidic values.   
 
Table 2.  The pH value of shampoos 
Tabela 2.  Wartość pH szamponów 
 

Shampoo pH 
A 5.38 
B 3.80 
C 6.46 
D 6.28 
E 5.90 

 
Viscosity is a very important parameter of cosmetic products and household chemicals. 

Too low or too high viscosity can cause difficulties in dispensing the product [28]. 
Considering on one side that consumers associate high viscosity with a rich composition, and 
on the other side the technological aspects it is important to obtain a product with optimal 
consistency. The viscosity measurement was carried out for composed shampoos. Samples 
differ in the content of only fruit extract. The viscosity values (Table 3) obtained for all tested 
shampoos were very diverse and ranged from 418.7 mPa · s to 1882 mPa · s. The highest 
viscosity value was recorded for the sample B, which contains the black currant extract. It 
must be underlined that the addition of the fruit extract effects on the viscosity value, and it 
can both reduce or increase the value of viscosity. The reduction of viscosity value is observed 
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for shampoo with raspberry extract, while the increase of viscosity value is recorded for 
shampoos with pomegranate extract, black currant extract and mango extract comparing to the 
reference sample (shampoo E), which does not contain any extract.  
 
Table 3.  Viscosity values of shampoos 
Table 3.  Lepkość dynamiczna szamponów 
 

Shampoo Viscosity [mPa·s] 
A 1541.0 ±7.6 
B 1882.0 ±4.1 
C 907.0 ±4.7 
D 418.7 ±3.7 
E 600.0 ±2.3 

 
One of the goals of the work was also to determine the foamability of the products 

obtained. This objective was achieved due to the fact that consumers usually evaluate products 
with good foaming properties as better washing products [28]. Aqueous solutions of tested 
shampoos with the concertation equal to 1% were tested to evaluate the foaming properties. 
The results of foam produces after, 10 s, 1 min, 10 minutes are presented in Table 4. 
 
Table 4  Foam-forming properties of shampoos 
Tabela 4. Właściwości pianotwórcze szamponów 
 

Time 
A B C D E 

Foam volume [cm3] 

10 s 240 200 190 225 300 
1 min 210 165 165 210 270 
10 min 190 160 162 190 250 

 
Based on the study, it can be concluded that the base shampoo without the addition of 

extract had the greatest foaming capacity. Next in line was shampoo A (with pomegranate 
extract) and shampoo D (with raspberry extract). The smallest foaming capacity is presented 
by shampoo B (with black currant extract) and C (with mango extract). After analyzing the 
results, it can be concluded that the addition of fruit extracts to the base shampoo reduced the 
ability to foam. Based on the study, a relatively large reduction in foam volume was observed 
after 10 minutes for all shampoos. The largest reduction in volume occurred in the case of 
shampoo A and B, while the smallest was observed in the case of shampoo C.  

For consumers, an important aspect is not only the ability to produce foam, but also its 
durability. The foam durability index is used to assess this property [28]. 
The foam value index was determined by dividing the foam volume 10 minutes after its 
production by the volume produced 1 minute after the foam was produced.  
 The foam stability index was calculated from the formula [29]: 

∙ 100%, 

where: V1 – volume of foam measured after 1 minute [cm3], 
 V2 – volume of foam measured after 10 minutes [cm3]. 

 
 
Table 5.  Foam stability index [in%] of 1% aqueous solutions of shampoos 
Tabela 5. Wskaźniki trwałości piany [w%] dla 1% wodnych roztworów szamponów 
 

A B C D E 
90 97 98 90 93 
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The addition of fruit extracts to the product’s composition also caused that the foam 
produced was both more and less stable as evidenced by the results of foam stability analysis 
(Table 5). Shampoos with mango and black currant has more stable foam while shampoos 
with raspberry and pomegranate less. 
 

 
A B 

 
C D 

E
 

Fig. 2.  Surface tension isotherms 
Symbols: A – shampoo A, B – shampoo B, C – shampoo C, D – shampoo D, E – shampoo E 
Rys. 2. Izotermy napięcia powierzchniowego 
Symbole: A – szampon A, B – szampon B, C – szampon C, D – szampon D, E – szampon E 

 
The properties of cleaning personal care products owe to the presence of surfactants. These 

compounds are responsible for both reducing the surface tension at the interface and also for 
the formation of micelles, these two processes play a key role in the washing and cleaning 
process. The formation of micelles is observed in aqueous solutions when the amount  
of surfactant exceeds the value of the critical micelle concentration. Such information can be 
gained from surface tension isotherms (Fig. 2).  
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The value of critical micelle concentration (CMC) can be determined on the basis of 
surface tension isotherms. This value is determined by bilateral extrapolation of the straight 
sections of the isotherms. Moreover based on the dependence between surface tension and the 
concentration of solutions, other parameters that characterize the process of adsorption at the 
interface were determined. These included pC20, ΠCMC, γCMC. All the results are compiled and 
presented in Table 6.  

 
Table 6.  Surface tension parameters of shampoos 
Tabela 6.  Parametry napięcia powierzchniowego szamponów  
 

Shampoo CMC [%] γCMC [mN/m] pC20 Πcmc [mN/m] 

A 0.218 27.99 0.514 43.61 

B 0.095 28.24 0.878 43.36 

C 0.104 28.70 0.831 42.90 

D 0.116 27.95 0.835 43.65 

E 0.155 27.78 0.834 43.82 

 
Results of CMC indicate that the highest value was determined for shampoo A, while the 

lowest for shampoo B. It shows that the addition of fruit extract effects the CMC value and 
can shift it into lower and higher values. An important parameter describing adsorption 
processes is adsorption efficiency pC20. This coefficient describes the efficiency of lowering 
the surface tension of the solvent by the surfactant or a product. It is the negative logarithm of 
the size C20 and can be represented by a formula [30, 31]: 

 
 
The size of C20 corresponds to the surfactant/product concentration for which the surface 

tension of the surfactant solution is 20 mN/m lower than the surface tension of the water 
measured under the same conditions. In general, a higher pC20 value indicates a higher 
efficiency of the surface adsorption process and lowering of the surface tension. The obtained 
data, presented in the table, indicate that shampoo No. 1 less effectively reduces surface 
tension. Values of coefficient pC20 calculated for other shampoos are comparable. The 
efficiency of a surfactant to reduce surface tension can be measured by the surface pressure 
(ΠCMC). It is a parameter calculated form subtraction between the surface tension of the 
solvent (γ0) and the surface tension of the surfactant solution measured at CMC(γCMC), can be 
represented by a formula [30, 31]: 

	 	 	–	  

A high value of the parameter indicates a higher efficiency of lowering the surface tension. 
The obtained results indicate that the efficiency of reduction of surface tension do not present 
significant differences and range between 42.9-43.83 mN/m. However the highest was 
observes for the reference shampoo.  

One of very important property, especially for shampoos is wetting ability. The contact 
angle was measured for two concentrations of intimate hygiene liquids: 0.1% and 0.01% 
(Table 7). It is assumed that if the size of the contact angle is in the range from 47° to 60° for 
1% solutions of shampoo, which quantity is characterized by partially wetting liquids. 
However results of contact angle obtained for 0.01% showed that only shampoo C has good 
wetting properties and this liquid can be classified as partially wetting. Results obtained for 
the other shampoos were higher than 90°.  
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Table 7.  Value of contact angle of aqueous solutions of shampoos 
Tabela 7. Kąt zwilżania roztworów wodnych szamponów  
 

 
Shampoo 

1% 0.01% 
contact angle [°] 

A 59.97 104.95 
B 47.73 98.58 
C 47.78 85.63 
D 51.14 101.64 
E 50.81 104.84 

 
 

 
Fig. 3.  The degree of skin hydration depending on time 
Rys. 3.  Stopień nawilżenia skóry w zależności od czasu 
 

The investigated shampoos were tested on the forearm skin by determination of hydration 
and transepidermal water loss degree of epidermis before their application and after 30, 60 and 
120 min., respectively.  

As can be seen in Figure 3, the degree of hydration after 30 min. increased, and after that 
time decline is observed. Shampoos A, C and D caused deterioration of skin hydration after  
2 h, which is not beneficial for the skin, while shampoo B and shampoo C did not affect the 
hydration degree in analyzed time. Results of transepidermal water loss showed for all 
shampoos a slight improved values of this parameter after 2 h.  

As can be seen in Figure 4 in all tested shampoos, the value of the TEWL coefficient after 
120 minutes decreased compared to the measured value before applying the products to the 
skin. The largest decrease in the water loss rate was observed in the case of shampoo D with 
the addition of raspberry extract. A decrease in the TEWL value is a desirable phenomenon, 
because when the amount of water in the human body and skin is normal, there are no 
disorders of epidermis renewal. Dehydrated skin loses elasticity and firmness and can lead to 
wrinkles and irritation. 

The measurement of total phenol content was performed in the aim to investigate the 
beneficial effect of addition of fruit extract to the cosmetic product. The results presented in 
Table 8 showed that the content of phenolic compounds in the extracts (expressed as the gallic 
acid equivalent, GAE ) is high. Based on the study, it can be concluded that raspberry extract 
has the highest content of phenolic compounds. Next in order are pomegranate and 
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blackcurrant extracts. However, the study showed a very low content of phenolic compounds 
in mango extract. 
 

 
  
Fig. 4.  Values of transepidermal water loss (TEWL) depending on time 
Rys. 4.  Transepidermalna utrata wody (TEWL) w zależności od czasu 
 
 
Table 8.  Total phenolic compounds content in the extracts  
Tabela 8.  Zawartość związków fenolowych w ekstraktach 
 

Ekstract gGAE/ml 

Punica Granatum (Pomegranate) Fruit Powder 1221.0 ±50.7 

Ribes Nigrum (Black Currant) Fruit Powder 1141.1 ±151 

Mangifera Indica (Mango) Fruit Powder 115.8 ±22 

Rubus Idaeus (Raspberry) Extract Powder 1491.1 ±107.4 

 

Conclusions 

5 shampoos composed with addition of fruit extract were examined in the aim to determine 
basic quality characteristics. On the measurements conducted it can be concluded that addition 
of extracts can modify the pH of final products, thus the amount of such extract added must be 
controlled. Moreover the use of other cosmetic pH regulators is limited. Addition of fruit 
extract effects the viscosity, and can both reduce and increase the value of viscosity. After 
analyzing the results, it can be concluded that the addition of fruit extracts to the base 
shampoo reduced the ability to foam. Measurements performed to determine the surface and 
wetting properties showed that addition of the fruit extract to the composition can both 
improve and aggravate surface activity and wetting ability of final product. As the results 
showed the addition of the fruit extract can be beneficial in term of phenolic compounds 
content, and can improve antioxidant ability of composed product. It can be concluded that 
addition of fruit extract and improve the quality of shampoo, however this addition must be 
under strict control taking into account the interaction with other components of the product. 
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Summary 

Hair shampoos are considered one of the most popular and important products in the 
cosmetics market. They are mainly used to remove all kinds of dirt from the scalp and hair to 
restore a healthy and natural look as well as softness, shine and elasticity of fair. The shampoo 
base ingredients consists of water and surfactant. In addition to base ingredients, we can 
distinguish, among others, viscosity regulating substances, fragrances, healing agents, 
conditioning or clarifying substances. 

On the cosmetics market, you can find many cosmetics containing plant extracts. The 
beneficial effects of plant and herb extracts on skin, hair and human health have been known 
for centuries. They have moisturizing, soothing, toning, astringent, antibacterial properties 
and, above all, are a source of polyphenolic compounds. 

The aim of the study is to evaluate and compare selected functional and physicochemical 
properties of hair shampoos containing various fruit extracts, as well as to evaluate fruit 
extracts in terms of phenolic content. 
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WŁAŚCIWOŚCI UŻYTKOWE SZAMPONÓW DO WŁOSÓW Z DODATKIEM 
EKSTRAKTÓW OWOCOWYCH 

Streszczenie 

Celem pracy jest ocena i porównanie wybranych właściwości użytkowych i fizy-
kochemicznych szamponów do mycia włosów, zawierających różne ekstrakty owocowe,  
a także ocena ekstraktów owocowych pod względem zawartości związków fenolowych.  

Szampony do włosów uznaje się za jedne z najpopularniejszych i najważniejszych produk-
tów na rynku kosmetycznym. Stosowane są głównie w celu usuwania wszelakich zabrudzeń  
ze skóry głowy i włosów, by przywrócić zdrowy i naturalny wygląd oraz miękkość, blask  
i sprężystość. Bazą szamponu jest woda i związek powierzchniowo-czynny. Oprócz składni-
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ków bazowych wyróżnić można m.in.: substancje regulujące lepkość, substancje zapachowe, 
środki o działaniu leczniczym, substancje kondycjonujące czy też klarujące.  

Na rynku kosmetycznym można znaleźć wiele kosmetyków zawierających ekstrakty  
roślinne. Dobroczynny wpływ ekstraktów z roślin i ziół na skórę, włosy i zdrowie człowieka 
jest już znany wieków. Działają nawilżająco, łagodząco, tonizująco, ściągająco, przeciwbakte-
ryjnie, a przede wszystkim są źródłem zwiążzków polifenolowych.  
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1. Introduction 

Cosmetics manufacturers are trying to offer 
consumers new and more attractive products, 
characterized by high quality, safety of use and high 
effectiveness, very often based on natural ingredients. 
Thanks to the dynamic development of new 
technologies and, in particular, the achievements of 
biotechnology, it is possible to synthesize substances 
that occur on a daily basis in insect venom, snail 
secretions or birds. In recent years, ingredients such as 
bacterial metabolism products, colostrum (mammary 
gland secretions) as well as plant stem cells have 
become extremely popular. This type compounds 
become active ingredients in emulsions, gels and masks. 

Cosmetic masks are preparations that quickly provide 
the skin with the necessary ingredients. The diverse 
composition and purpose means that they are 
recommended for people with skin problems or those 
who want to reduce the effects of skin aging. Consumers 
tempted by advertising and the prospect of quick repair 

effects willingly use cosmetic 
masks, especially those enriched 
with an ingredient that, according 
to the manufacturer and published 
information, guarantees an 
improvement in the appearance of 
the skin. Facial care preparations 
are worth using especially due to 
the need to moisturize the 
epidermis. Algae or snail mucus 
are ingredients that additionally 
provide valuable active 
substances. The studies described 
in the article were conducted 
towards the analysis of the quality 
of the proposed cosmetic masks 
and the consumer's assessment of 
the effectiveness of their 
performance. Consumer 
preferences are an extremely 
important parameter for better 
product design. 

2. Skin aging 

A visible sign of everyone's 
age is the appearance. One can be 
a young spirit as long as possible, 
but the effects caused by certain 
factors in the body cannot be 
avoided. With age our body does 
not regenerate as quickly as it 
used to be, we are less resistant to 
stress, the system adapts more 
slowly, and the activity of its 
cells decrease. Visible changes 
on the skin are caused by 
extrinsic factors (photoaging) and 
intrinsic factors (Ostrowska, 
Skrzydlewska 2008). 

Each of us ages at their own 
pace, according to genetic 
predisposition, sex, conditions 
and lifestyle, body care. The skin 
is the organ by which the effects 
of the passage of time can be 
seen most. There are  few skin 
aging. 

Genetic (intrinsic) aging is 
also called chronological aging. It 
is associated with chronological 
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changes that occur in the body over time. Mention may be made of the andropause and 
menopausal aging associated with hormonal changes occurring in the body. 

Myostasis – facial aging associated mainly with facial expressions. Aging occurring under 
the influence of extrinsic factors is mainly: photoaging associated with chronic exposure to 
ultraviolet radiation and the so-called smoker's skin, changes in which occur due to the effect 
on the skin of cigarette smoke. 

Skin aging types additionally overlap and enhance the process of skin etching, wrinkles 
etc. (Zegarska, Woźniak 2006). 

The face, neck and neckline are the most where the action of the endocrine aging are 
reflected. In these places, the skin is thin, not very elastic, and poorly nourished. Facial 
expressions cause the appearance of characteristic wrinkles. These wrinkles may be shallow or 
deep. They appear around the eyes, on the forehead, cheeks, lower part of the face, neck. Over 
time, the face oval falls, which is caused by impaired function of collagen, elastin and reticulin 
fibers. Aging is also dry skin. Older people are particularly vulnerable to these types of 
changes. Ischemia or pallor of the skin may be another symptom. Discoloration and spots (age 
spots) are formed as a result of dysfunction and distribution of melanocytes. Vascular 
weakness can cause telangiectasias. More radical skin aging can lead to seborrhea, senile 
pruritus, precancerous conditions, and various types of cancers (mainly basal or squamous 
cell). Changes with age begin to occur rapidly. The number of Langerhans cells decreases, 
their dendritic projections are shortened, which causes weakening of the immune response and 
formation of disease states. The amount of 7-dehydrocholesterol, a precursor of vitamin D3, 
synthesized in the epidermis decreases (Zegarska, Woźniak 2006). 

Chronoaging can be delayed through widely understood prevention (care, supplements, 
cosmetic or medical treatments). Basic skin care is, above all, proper cleansing and 
moisturizing. Moisturizing the skin is a complicated phenomenon involving both the 
epidermis and dermis. Moisturizing the skin depends to a large extent on the water-lipid coat 
and the natural moisturizing factor. To reduce water loss through the skin, many moisturizers 
are used, including hydrophilic water-binding and penetrating the epidermis. Due to the 
difference in osmotic pressure water passes from the dermis through the epidermis, 
moisturizes it and evaporates to the environment. However, this process encounters a barrier 
in the form of water-binding substances, referred to as the natural moisturizing factor (NMF). 
In addition, there is a water-lipid coat on the surface of the epidermis which slows down the 
evaporation of water (Kędza, Wolski, 2019). 

3. Cosmetic mask 

Cosmetic masks are preparations that especially easily provide suitable components to the 
skin and improve its condition. They are an indispensable part of most treatments performed 
on the face and neck. On the market there are cosmetic masks for daily (home) care and for 
professional use, i.e. in beauty salons. Depending on the type of skin, they differ in type, form, 
composition and operation. 
Most often they appear in the form of a paste or cream. The main task of the mask is to 
provide the skin with a high dose of regenerative and nutritional ingredients. The effect of 
such action can be immediate. Facial skin becomes brighter and fresher, and thanks to 
moisturizing the deep layers of the skin, visibly smoother and younger (Dylewska- 
-Grzelakowska, 2013). 

The most popular are algae masks, rich in amino acids, polysaccharides, alginates, 
vitamins and microelements. They are used to nourish, moisturize and regenerate the skin, 
have a soothing and stabilizing effect, thanks to which the appearance of the skin is to be 
improved. Similar properties are presented by the moisturizing mask, which instantly softens 
the epidermis and, by making it more elastic, reduces fine lines. A lifting mask is used to 
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smooth out and smooth out deeper wrinkles. Thanks to the increase in skin tone, there is  
a large improvement in the oval of the face, the skin becomes fresher, and signs of fatigue 
disappear (Molski, 2014). 

4. Algae 

Algae are thalloid vascular plant organisms belonging to a huge group of aquatic 
organisms (self-nutrient, single- or multicellular) as well as prochlorophytes and bacteria. 
About 1.5 million tonnes of algae are mined in the Northern Hemisphere annually. Most are 
obtained off the coast of Hawaii, Brittany and Japan. 

The content of active ingredients in algae depends mainly on the purity of the waters in 
which they live, as well as the season, weather and the phase of the moon at the time of their 
extraction. Algae are rich in many valuable ingredients, among others micro- and 
macroelements, vitamins A, E, C and B group, polypeptides, polyphenols or polyhydric 
alcohols. A large number of ingredients allows them to be used in various industries, including 
in the food, cosmetics and pharmaceutical industries (Pielesz, 2010). 

In cosmetics, algae are used in creams, gels and face and hair care masks, as well as body 
lotions. Algae have a cleansing effect on the skin, eliminate the amount of toxins contained in 
it, relieve inflammation, smooth the surface of the epidermis, and improve skin tone. They are 
often used in acne therapy because they reduce the excessive amount of sebaceous glands. 
Algae extracts, flour, as well as isolated active substances are used as nutritional, moisturizing 
and firming preparations, e.g. in the treatment of cellulite. About 40 species of algae have 
found use in cosmetics. Cosmetics whose main components are brown, red and green algae 
are used in treatments including anti-aging and remineralisation (Debiagi et al., 2017). 

5. Snail mucus 

The snail of the species Helix aspersa produces two types of mucus. The first can be seen 
when the animal is moving. It leaves a pearly mark on the road he has traveled. The second 
one is produced in situations of biological stress. Obtaining high quality mucus is a demanding 
and difficult process because it must be non-invasive. If the snail feels threatened, it may 
begin to release unwanted toxins. To ensure mucus cleanliness, constant sanitary control is 
required. In research and practice, it has been clearly demonstrated that the mucus extract is an 
extremely hypoallergenic component, which brings great results in the care of even the most 
demanding skin. Due to its properties, Helix aspersa mucus has moisturizing, bactericidal, 
protective, antioxidant and regenerating effects. It contains glycoconjugates, i.e. factors that 
increase the activity of fibroblasts, which has a positive effect on skin function and structure, 
including induces collagen synthesis, ensures the right level of skin hydration or hyaluronic 
acid (Molski, 2014). 

Due to so many positive features, mucus as an active substance has been used in anti-
wrinkle and anti-aging creams, in medicinal creams, with such skin problems as acne and acne 
lesions, bothersome blemishes, discoloration, postoperative and burn scars and other 
dermatological problems. Preparations based on mucus in particular cause deep hydration and 
firming of the skin, as well as slowing down its aging process – smoothing wrinkles and 
preventing new ones. They also bring good results when treating both juvenile and rosacea 
acne. They support the treatment of varicose veins, wounds and various skin damages as well 
as the process of smoothing scars and stretch marks. Accelerate skin regeneration after 
sunburn or tanning. 

By adding completely different active ingredients to the mucus, such as Asian Pennywort, 
bisabolol, hydroxyprosilane, azeloglycine or rosehip oil, a very strong healing and 
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moisturizing effect is obtained, which is recommended for dehydrated, oily and dry skin 
(Molski, 2014). 

6. Active ingredients obtained from algae and snail mucus 

Algae and snail mucus are readily used in cosmetics, especially cosmeceutics (the presence 
of vitamins A, B, C and E) and pharmaceutical products (Ariede et al. 2017; Afroz et al. 2017 
Pereira, 2018). 

Algae are abundant in mineral salts in a very well absorbable form as organometallic or 
complex compounds (Fitton et al., 2007). Polysaccharides present in algae constitute about 
60% of all active substances. These include: hyaluronic acid, chondroitin sulfate, alginic acid 
and its salts, mannitol and sorbitol, carrageenans and agar (Fitton, 2007; Sava et.al., 2009; 
Kraan et al., 2012). From the group of proteins and amino acids in algae: glycoproteins and 
metalloproteins and exogenous amino acids: lysine, isoleucine, leucine, methionine, 
phenylalanine, threonine, tryptophan and valine (Pielesz, 2011; Lamer-Zarawska et al., 2012). 
Algae also contain polyphenols and natural plant dyes: carotenoids, phycoerythrin, 
phycocyanin and chlorophyll (Fitton, 2007, Spolaore, 2006; Wijesekara, 2012). They are a 
rich source of essential unsaturated fatty acids (Spolaore, 2006; Pereira, 2018). Most studies 
on metabolites derived from algae have shown their good antioxidant, anti-inflammatory, 
immunomodeling, anti-cancer, anti-bacterial and anti-allergic, anti-fungal properties (Blunt et 
al., 2011, Dore et al., 2013, Pereira, 2018). 

Snail mucus consists mainly of a mixture of: proteoglycans, glycosaminoglycans, 
glycoproteins, enzymes, hyaluronic acid, antibacterial peptides and metal ions (Thomas, 
2013). This component is often present in cosmetic preparations to help eliminate scar marks 
due to stimulation of fibroblasts for collagen and elastin synthesis, indirect participation in 
skin cell renewal, protection against destructive free radicals activity (Thomas, 2013; Sri Harti 
et al., 2016). 

Mucus has antioxidant properties. It induces the proliferation of fibroblasts, promotes the 
formation of extracellular matrix (EMP) necessary for wound healing and improves tissue 
plasticity. In addition, cochlear mucus inhibits the production of extracellular matrix 
metalloproteinase (collagenase, MMP – matrix metalloproteinases) involved in the 
physiological and pathological processes of remodeling EMP components and their 
degradation. Due to such properties, mucus reduces the extent of damage during injury and 
scar formation (Brieva et al., 2008). Snail mucus appears to be reliable in epidermal 
regeneration and hence finds application in specialist pharmaceutical and cosmetic 
preparations. 

7. Experimental 

The aim of the study was to evaluate and compare the parameters of selected moisturizing 
masks with the addition of algae and snail mucus. Consumer opinion, analysis of the action of 
preparations during application and measurement of the degree of moisturizing and loss of 
water from the epidermis are selected tests used to verify the quality of the proposed 
cosmetics. 

Application-utility studies are one of the most valued among cosmetics manufacturers. The 
consumer group that tests the preparation is properly trained and analyzes its properties in a 
specific way and for a specified period of time. The test takers then fill out prepared surveys in 
which they express opinions on the effects of the cosmetics used. Consumers are most often 
asked about consistency, smell, absorption, ease of spreading, improvement of skin firmness 
or wrinkle reduction. The evaluation usually shows comments of female testers, which specify 
the pros and cons of the preparation used and indicate other characteristics of the preparation. 
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7.1. Material 

7.1.1. Moisturizing algae masks 

The study material consisted of four masks selected in terms of their popularity and price 
(various ranges): 
A – Moisturizing hydroplastic algae mask BIOCOSMETICS for dry skin, 
B – Moisturizing peel-off algae mask e-naturalne.pl for dry skin, 
C – Moisturizing peel-off e-FIORE algae mask for dry and damaged skin, 
D – Algorithm deeply moisturizing mask Dr Irena Eris for all skin types. 

7.1.2. Snail mucus masks 

The following commercially available snail slime masks were selected for analysis. Due to 
the form of the preparation, only an assessment of the application properties was carried out 
during the use of cosmetics. 
E – Moisturizing and soothing Korean Conny mask with snail mucus extract, 
F – TrianDe regenerative face mask with snail mucus, 
G – Moisturizing Korean skin79 mask with snail mucus, 
H – Botaniqe firming mask with snail mucus. 

7.2. Methods 

7.2.1. Sensory analysis 

Sensory analysis deals with measuring and assessing the properties of products during their 
use, using the senses of: smell, taste, touch of sight and hearing. Uniform standards are used 
for verification. It should be remembered that the main role during such examination is played 
by man, so it is important to constantly improve his sensory performance. 

Cosmetic preparations were tested by 10 women in two different age groups. The team 
was selected by checking the skin type and good health of the skin of female testers. Sensory 
analysis, evaluation of selected functional properties were performed and individual skin 
behavior during long-term use was tested. 

The evaluation panel consisted of 10 women – 5 in the 21-30 age group (group I) and 5 in 
the 51-60 age group (group II). The study lasted 3 months. The participants' task was to use 
each product twice a week in a designated area of the face. In order to provide an objective 
assessment, the subjects did not have information on which product they were analyzing, and 
the preparations were placed in small plastic containers marked with numbers. The sensory 
test was performed 3 times (at monthly intervals), always coding the samples differently. 

7.2.2. Degree of hydration  

The aim of the experiment was to check the degree of hydration of the epidermis and 
changes of transepidermal water loss after direct application of masks with the addition of sea 
algae. 

The measurement of the hydration level of the skin, mainly the stratum corneum,  is  
a basic for all cosmetic applications. The degree of the hydration of the corneal layer of the 
skin was determined on a group of 10 healthy probants. All measurements were performed at 
constant temperature (ca. 21°C) and constant humidity using the Corneometer® CM 825 
manufactured by Courage-Khazaka Electronic GmbH (Köln, Germany). The probe of the 
corneometer was connected to the Multi Probe Adapter System. 

The skin of the testers forearms was previously cleaned, and then masks were applied to it. 
Five women aged 21-30 took part in the study. 
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7.2.3. Transepidermal water loss 

The measurement of transepidermal water loss (TEWL) is the most important parameter 
characterizing the quality of the cosmetic samples applied to the skin, Experimentally the 
numerical value of the TEWL was measured directly by application of the probe to the skin 
using the Tewameter® TM 300 manufactured by Courage-Khazaka Electronic GmbH (Köln, 
Germany). The probe of the tewameter was connected to the Multi Probe Adapter System. 

Transepidermal water loss (TEWL) study was performed simultaneously with examination 
of the skin hydration. The same five women, at the age of 21-30 years (group I), participated 
in the study. Measurements were made after application of selected algae masks. 

8. Results and discussion 

8.1. Moisturizing algae masks 

8.1.1. Sensory analysis 

Table 1 summarizes the average ratings of parameters of tested masks. The rating scale 
was between 1 (bad) and 5 (very good). 

Analyzing consumers opinion, it can be concluded that the best rating was given to mask 
D. The algae mask C also met the expectations of potential consumers in terms of smoothing 
and moisturizing the skin. Mask A was rated significantly less well. Women participating in 
the study did not notice significant smoothing of the skin or improvement of its condition. The 
worst assessment were received by the B algae mask. The testers unanimously decided after 
the designated period of use that the masks used had not met any previously assumed 
expectations and that their skin condition had not improved. 

 
Table 1.  Results of sensory evaluation of masks with the addition of algae 
Tabela 1.  Wyniki oceny sensorycznej maseczek z dodatkiem alg 
 

Parameter 
Mask A Mask B Mask C Mask D 

I II I II I II I II 

pillow effect 1.8 1.6 1.6 1.6 2.0 1.8 3.4 3.8 

uniformity 4.2 3.2 1.4 1.2 4.2 4.2 5.0 5.0 

consistency 4.2 3.4 1.6 1.6 4.2 4.0 5.0 5.0 

viscosity 3.4 3.2 2.6 2.6 3.6 3.6 3.0 3.4 

lubrication 4.2 4.0 3.0 2.8 2.4 2.6 3.8 3.8 

distribution 3.4 3.2 2.2 1.8 3.6 3.6 5.0 5.0 

absorption 4.3 4.0 2.6 2.0 4.0 4.0 4.8 4.6 

smoothing 3.4 3.2 2.2 2.0 3.4 2.8 4.6 4.8 

adhesion 3.8 4.2 3.2 2.6 3.8 4.2 5.0 5.0 

cosmetic removal 1.8 1.2 4.6 4.8 2.6 2.6 5.0 5.0 

 

8.1.2. Degree of hydration  

Table 2 presents the average results of measurements of changes in skin hydration 
(arbitrary units (AU)) carried out for 5 people. In standard working conditions, the variations 
of the values of skin hydration degree for the middle area of the front side of the forearm are 
the following: under 30 AU – very dry, between 30 and 45 AU – dry, 45 AU – sufficiently 
hydrated. 

The obtained results prove that 3 out of 4 tested masks (A, B, C) do not have moisturizing 
properties, which are provided by manufacturers. Only the deeply moisturizing mask D has 
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such properties. After using the last of the mentioned products in 5 examined women. the level 
of hydration of the epidermis increased significantly. 

The measurement taken after 1 hour showed a downward trend in all tested products in 
relation to the first measurement. The Dr Irena Eris brand is considered a luxury brand on the 
cosmetics market, and its products are characterized by a much higher price, which may also 
indicate a better quality of the cosmetic and in the case of the tested product may be 
synonymous with a better level of skin hydration. 
 
Table 2.  Skin hydration degree after applying algae masks  
Tabela 2.   Stopień nawilżenia naskórka po aplikacji masek z algami 
 

Measurement 
 

Mask A Mask B Mask C Mask D 

A.U. 

Before application 42.70 42.70 42.70 42.70 

After 15 min 45.54 44.36 46.34 70.98 

After 30 min 44.90 43.92 46.92 67.10 

After 45 min 43.98 43.26 44.38 63.28 

After 1 hour 43.02 42.76 43.50 59.72 

 

8.1.3. Transepidermal water loss 

Table 3 shows the results of the TEWL test given in units of gram per square meter per 
hour (g/m²h). A value of up to 25 g/m²h is taken as the correct result, while a value above  
30 g/m²h indicates an epidermal barrier abnormality. 

 
 
Table 3.  Transepidermal water loss degree after the application of algae masks 
Tabela 3.  Stopień przeznaskórkowej utraty wody po aplikacji masek algowych 
 

Measurement 
 

Mask A Mask B Mask C Mask D 

g/m²h 

Before application 11.84 11.84 11.84 11.84 

After 15 min 14.00 14.12 14.70 15.54 

After 30 min 13.36 13.50 13.82 14.36 

After 45 min 13.02 12.92 12.78 12.64 

After 1 hour 12.56 12.26 11.66 11.56 

 
Analyzing the measurement results, it can be stated that 2 out of 4 masks tested have 

properties that reduce transepidermal water loss degree. TEWL value obtained for product C 
and D decreased over time (before using 11.84 g/m²h) to be 11.66 g/m²h and 11.56 g/m²h 
successively, and this was a desirable effect because it indicated that preparations inhibit water 
loss better. In A and B masks, TEWL value increased after an hour from applying the 
cosmetic, which indicates that these masks do not have good anti-water loss properties. 

8.2. Snail mucus masks 

8.2.1. Sensory analysis 

The study was started one month after testing algae masks. It lasted on average 2 weeks. 
The participants' task was to use each product once in two weeks. There was a 3-day break 
between each attempt. Female (group I)  received questionnaires in which they evaluated 
selected preparation features (1-bad, 5-very good) and could place comments related to their 
use. 
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Table 4.  Evaluation of selected utility parameters of snail mucus masks 
Tabela 4.  Ocena wybranych parametrów użytkowych masek ze śluzem ślimaka 
 

Parameter 
Mask E Mask F Mask G Mask H 

I II I II I II I II 

smell 3.2 3.4 4.6 4.4 4.8 4.6 4.0 4.2 

imposition 5.0 5.0 4.0 3.6 5.0 5.0 3.8 3.4 

hydration 3.6 3.2 3.6 4.0 4.4 4.0 2.4 2.2 

absorption 2.8 2.6 4.6 4.2 4.6 4.4 2.4 2.4 

smoothing 3.2 3.6 4.2 3.8 3.8 3.2 2.2 2.6 

effect of tight skin 1.2 1.2 4.2 3.8 4.6 4.4 1.8 1.4 

 
The obtained results showed that two out of four tested masks containing snail mucus met 

the expectations of consumers. Face masks of brands F and G had a pleasant smell, they were 
conveniently applied, the skin after taking them off was moisturized and smoothed, there was 
also no unpleasant feeling of skin tightness. 
However, after using the E and H masks, consumers did not feel a significant improvement in 
skin firmness, hydration or smoothing, and apart from convenient application, by testers 
opinion, the masks do not offer any properties that positively affect the skin condition. 

Conclusions 

All tested products are offered by manufacturers mainly as moisturizing preparations. On 
the other hand, consumers often see algae or snail mucus as anti-aging substances. According 
to the testers, the use of products did not give fully satisfactory results. On the one hand, the 
performance parameters were generally well evaluated, but the promised effect (skin 
hydration, smoothing) was not always achieved. 
 Sensory analysis of the selected four algae masks showed that e-fiore and Algorithm 

preparations met consumer expectations in terms of tested parameters. There were also no 
significant differences, taking into account the age range, in the evaluation of the 
preparations. Team I and II assessed the selected parameters very similarly. 

 Sensory analysis carried out on masks containing snail mucus Conny, TrianDe, skin79, 
Botaniqe showed that the masks of the brands TrianDe and skin79 met the expectations of 
consumers. However, when assessing Conny and Botaniqe masks, the testing found that 
they do not offer any properties that positively affect the condition of the skin. 

 Study of the level of skin hydration showed that 3 out of 4 tested masks (Biocosmetics,  
e-naturalnie.pl, e-fiore.pl) do not have moisturizing properties. Such properties possesses 
only mask Algorithm. 

 Analysis of degree changes of transepidermal water loss showed that 2 out of 4 masks 
tested (Biocosmetics and e-naturally) do not have water loss inhibiting properties, while  
e-fiore and Algorithm masks have such properties. 
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Summary 

Cosmetics with the addition of algae or snail mucus are products recommended especially 
as preparations rich in active substances, which are designed to provide the skin with adequate 
hydration and delay or reduce the effects of aging. The aim of the study was to analyze and 
compare specific parameters of selected cosmetic masks containing algae and snail mucus 
masks. The performance and application properties of tested preparations were assessed.  

The task of the analyzes was to verify the operation of masks whose main function is to be 
moisturizing the skin and assessing their sensory parameters. Consumer analysis in the case of 
masks with the addition of algae has been enriched by objective experiments using a 
corneometer and tewameter. The study was conducted over a period of several months on 
appropriately selected two testing groups. Experience allowed practically to assess the 
properties of the preparations and provided information on the quality of the tested samples. 
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Streszczenie 

Kosmetyki z dodatkiem alg czy śluzu ślimaka to produkty szczególnie polecane jako pre-
paraty bogate w substancje aktywne, których zadaniem jest zapewnienie skórze odpowiednie-
go nawilżenia oraz opóźnienie czy zniwelowanie efektów starzenia. Celem badań była analiza 
i porównanie określonych parametrów wybranych masek kosmetycznych zawierających  
w składzie algi oraz masek ze śluzem ślimaka. Dokonano oceny właściwości użytkowo- 
-aplikacyjnych testowanych preparatów.  

Zadaniem przeprowadzonych analiz było zweryfikowanie działania maseczek, których 
główną funkcją ma być nawilżanie skóry oraz ocena ich sensorycznych parametrów. Analiza 
konsumencka w przypadku masek z dodatkiem alg została wzbogacona o obiektywne ekspe-
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sie czasu na odpowiednio dobranych dwóch grupach probantów. Doświadczenie pozwoliło 
ocenić praktycznie właściwości preparatów oraz dostarczyło informacji na temat jakości te-
stowanych prób.  
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Introduction 

To prevent the fall of a person when walking on a 
slippery surface, various removable [1] and non-
removable [2, 3] devices for shoes have been developed 
and are being improved. However, their use for 
everyday footwear is limited, as removable devices 
should be worn on the footwear and then removed (for 
example, when entering the room). Non-removable 
devices require switch on/off manipulation, which is not 

always performed by wearers. 
Therefore, footwear the 
treading surface of which has a 
special antiskid relief are 
considered the most versatile 
and convenient for use. An 
example is the authors' 
patented design of the sole 
treading surface with a set of 
antiskid elements arranged in a 
certain way (protectors, 
cuvettes, notches, protrusions, 
grooves), giving it high 
antiskid characteristics [4]. 

It should be noted that the 
antiskid effect of the relief 
treading surface of the sole 
increases with the increase in 
the area contacting the ground. 
This contact area also depends 
on the heel height: it is 
maximum on low and 
minimum on high heels when 
other conditions are equal  
[5, 6].  However, at the time of 
stepping, the contact of the 
heel with the supporting 
surface is performed on a very 
limited area. With traditional 
designs of low and medium 
heels the contact is at the arc 
of their back ribs. When the 
heel material deforms, the 
contact area increases, but 
remains very small, so that 
high pressure on the 
supporting surface is formed 
in the contact area. Stepping 
on the icy ground can lead to a 
“skating effect” (a thin layer of 
water in the contact zone is 
formed), which significantly 
reduces the heel skidding 
friction coefficient of on the 
supporting surface. For this 
reason, many people fall on 
the icy ground when stepping 
on the supporting surface. 

In this paper, we would 
like to consider the method of 
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improving footwear antiskid properties by increasing the heel area contacting the supporting 
surface, and the implementation of antiskid elements on this surface. 

The configuration of the heel treading surface 

We proposed to modify the configuration of the heel back to increase the supporting area 
on which the stepping is performed, However, it should be taken into consideration that the 
position of the heel relative to the supporting surface at the time of stepping depends 
essentially on the individual characteristics of the person's gait and his stride length. Thus, the 
longitudinal angle of inclination of the treading surface of the heel to the ground plane is  
α = 50-140, and the transverse angle is in the range β = 0-200 [7] (see fig. 1). It is necessary to 
make the back of the heel treading surface convex to increase the actual contact area of the 
heel with the supporting surface, taking into account the individual features of the person's 
gait. Moreover, when stepping, the heel convex surface should contact the supporting surface 
at any angle value α and β, thus providing the antiskid effect for wearers with different 
individual gait features and different stride length. 

 

 

Fig. 1.  Heel position on the supporting surface at the moment of stepping 
Rys. 1.  Pozycja obcasa na powierzchni podparcia w momencie wchodzenia 

 
 

Fig. 2 shows the heel treading surface (without antiskid elements), which consists of a flat 
part 1 and a supporting area 2, which is a convex surface. Platform 2 is limited by line 3 of the 
rib which is the heel back part bevel and line 4 of its rear contour. The length of platform 2 on 
the axis 0-0 of the heel symmetry is determined by the footwear size and is in the interval  
l = 18-24 mm. Geometric parameters of the convex surface are explained by the longitudinal 
(along the axis 0-0) and transverse (perpendicular to the axis 0-0) sections (fig. 2). 

As we can see angles α1, α2, β1, β2 characterizing the convex surface, exceed the extreme 
values of angles α and β, which determine the position of the heel treading surface at the time 
of its contact with the supporting surface. Angle β2 therewith characterizes the slope of the 
convex surface towards the inner contour of the sole, resulting in the formation of zone 2a  
of slight convexity. Therefore, when angles α (αmin = 5° and αmax = 14°) and β (βmin = 0° and 
βmax = 20°) have extreme values, contact spots of the heel material with the supporting surface 
do not reach ribs 3 and 4 (see fig. 2). This increases (though slightly) the actual heel contact 
area with the supporting surface. However, it is more important to provide the conditions for 
self-installation of the heel on the supporting surface taking into account the individual 
characteristics of the wearer. This will increase the stability of the person when stepping on 
the ground. 
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Fig. 2.  Geometric parameters of the heel treading surface: 1 – flat part; 2 – supporting platform with convex 

surface; 2a and 2b – zones of slight convexity and lateral convex slope, respectively; 3 and 4 – lines 
limiting the contour of the supporting platform; 5 and 6 – inner and outer sides of the sole contour, 
respectively 

Rys. 2.  Parametry geometryczne powierzchni bieżnika obcasa: 1 – część płaska; 2 – platforma nośna z wypukłą 
powierzchnią; 2a i 2b – odpowiednio strefy o lekko wypukłym i bocznym wypukłym nachyleniu; 3 i 4 – linie 
ograniczające kontur platformy nośnej; 5 i 6 – odpowiednio wewnętrzna i zewnętrzna strona podeszwy 

 

The interaction of the heel with the supporting surface 

We carried out the evaluation of the contact spot size of the heel convex part with the 
supporting surface when stepping on it. An approximate calculation of this parameter can be 
performed, assuming that the convex surface is part of the elastic ball surface, and the 
supporting surface is a completely solid body. The scheme of the elastic ball deformation in 
contact with the plane is shown in fig. 3. In accordance with the accepted model, the 
calculation of radius r of the contact spot was done using the Hertz formula [8], which in the 
case of the elastic ball contact with a completely solid surface has the form: 

 
r = 0.88 (PR/E)1/3, 

 
where r is the elastic ball radius; P is the force acting on the ball; E is the conditional modulus 
of the ball material elasticity. 
 

It is necessary to point out that the calculation by the given expression is approximate, 
since the Hertz formula is valid only for small deformations of contacting bodies [8]. 

Let us find parameters R, P and E. The minimum radius of the curvature of the heel 
convex surface was determined by the graphical method, resulting in rmin = 49 mm. It can be 
seen from [9] that the force on the footwear heel when stepping on the supporting surface 
reaches the value of 52.2 kgf, so we used P = 52.2 kgf. The conditional modulus of elasticity 
of plantar thermoelastoplasts, which are most often used for winter casual footwear, is in the 
range of 4.6-20.0 MPa [10]. Then even with a minimum radius of curvature of the heel convex 
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surface a contact with spot radius rmin = 5.59 mm (at E = 4.6 MPa) is formed. This allows to 
place antiskid elements, further enhancing the antiskid characteristics of the heel, on the 
convex supporting area of the heel. 

 

 
 
Fig. 3.  Scheme of the elastic ball deformation when contacting the solid surface under the action of force P 
Rys. 3.  Schemat sprężystej deformacji kuli przy zetknięciu z powierzchnią stałą pod działaniem siły P 

 
Fig. 4 shows the heel with the increased antiskid properties. Its treading surface consists of 

a flat surface 1 and a convex platform 2, which has the shape of a sickle shifted towards the 
outer lateral contour of the sole. Antiskid elements patented by us are on the treading surface, 
including the convex platform [4]. They are cuvettes 3, in which protrusions 4 and grooves  
6 along the contour of the heel and on the side walls of the cuvette are in chess order. When 
the cuvettes are arranged, protectors 5 are formed, the surface of which is made of finely 
corrugated sole (see fig. 4). The shape and size of the cuvettes, as well as other antiskid 
elements can be different, and due to this, an ornament of treading surface relief is formed. 

   
 

 
 
Fig. 4.  The heel treading surface: 1 – flat part; 2 – supporting platform with the convex surface; 3 – cuvettes; 

4 – protrusions; 5 – protectors; 6 – grooves. 
Rys. 4.  Powierzchnia bieżnika obcasa: 1 – część płaska; 2 – platforma nośna z wypukłą powierzchnią; 3 – kuwety;  

4 – występy; 5 – ochraniacze; 6 – rowki 
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Experimental evaluation of antiskid properties 

We estimated the antiskid properties of the convex heel area when stepping on the 
supporting surface by determining experimentally the coefficient of its sliding friction on the 
icy surfaces of asphalt, paving tiles, and ice. Modeling of skidding of a contact spot of the heel 
convex part on supporting surface was performed in the following way. First, samples 
containing a complex of antiskid elements developed in [4] were molded from plantar 
thermoelastoplasts. The obtained samples were cut out into circles with radius rmin = 9.55 mm, 
corresponding to the contact spot size. Secondly, the heel back part of the molded soles from 
the thermoelastoplasts was cut off along the axis of heel symmetry at angles of 50, 100 and 140 
to its treading surface with the formation of a flat segment with an arrow of 20...25 mm. 
Finally, the cut-out samples in the form of circles were glued to the heel beveled back and the 
model of the contact spot of the convex heel area formed while stepping was obtained. 

For a comparative evaluation of the antiskid properties of the contact spot model, the 
sliding friction force of the heel back part without a supporting convex platform was 
determined. For experimental measurements, we made a special device (fig. 5), which consists 
of sledge 3, connected to cassette 2, in which sole 1 was fixed. 

 

 
 
Fig. 5.  Scheme for determining the sliding friction force of the heel part on the supporting surface: 1 – sole,  

2 – cassette; 3 – sledge; 4 – supporting surface; 5 – load; 6 – rod; 7 – sleeve; 8 – adjusting screw;  
9 – cable; 10 – contact spot model 

Rys. 5.  Schemat określania siły tarcia ślizgowego części obcasa na powierzchni nośnej: 1 – podeszwa, 2 – kaseta;  
3 – sanki; 4 – powierzchnia nośna; 5 – obciążenie; 6 – pręt; 7 – rękaw; 8 – śruba regulacyjna; 9 – kabel;  
10 – model miejsca kontaktu 

 
The sledge was installed on the supporting surface 4, on which the contact spot model 10 

was based. In this case, load 5 weighing 10 kg was mounted on the heel back part. This 
corresponds to the method of sliding friction determination according to Russian standard 
number 12.4.083-80. Angle α of the sole inclination to the supporting surface was regulated 
by the movement of rod 6 of cassette 2 in sleeve 7 fixed to sledge 3 after the weakening of 
screw 8. Sledge 3 with sole 1 was moved along the supporting surface 4 with the help of cable 
9 connected to the drive mechanism. 

Experimental measurements were carried out at a temperature of -100C...-120C on a 
modernized laboratory stand equipped with a thermostatic chamber to maintain the negative 
temperature of the objects of study [11]. 

When determining the sliding friction force of heel parts samples on the supporting 
surfaces, the sliding friction force of the sledge with the load without the sole installed on 
them was measured separately. The value of this force was subtracted from the results of the 
main measurements. Experimental studies showed that angle α of the heel treading surface 
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inclination to the supporting surface does not affect the force of sliding friction (the 
differences are within the statistical error of the measurements). 

The results of the calculation of the samples skid friction coefficients are presented in the 
table 1. 

 
 

Table 1.  Coefficients of sliding friction of the heel back parts samples 
Tabela 1.  Współczynniki tarcia ślizgowego próbek tylnych części obcasa 

 

The supporting surface  
of the heel 

The coefficient of sliding friction 

On the icy surface 
On ice 

Asphalt Paving tile 

Rib of the back part (without  
a supporting platform) 

0.109 0.088 0.048 

Supporting platform with 
antiskid elements 

0.203 (86.2)* 0.194 (120.5)* 0.098 (104.2)* 

 

* Note. The percentage exceeding the indicator over the indicator for samples without 
supporting platform are given in parentheses. 

 
 

It follows from the table that the supporting pad on the back of the running surface 
significantly increases the antiskid properties of the heel when stepping on slippery supporting 
surfaces.  

 

Conclusion 

The analysis of the street injuries indicates that a significant proportion of people’s falls 
occur at the time of stepping on a slippery supporting surface. However, the known antiskid 
footwear devices are intended mainly to prevent these falls. The method of increasing the 
antiskid properties of footwear is presented in this paper. 

The experimental evaluation of the efficiency of the proposed method showed a significant 
increase in the heel friction characteristics at the time of stepping on a slippery supporting 
surface. In addition, the possibility of changing the layout of antiskid elements gives 
opportunity to vary the decoration style of the sole treading surface and improve the aesthetic 
properties of footwear in general. 
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Summary 

The method of increasing antiskid characteristics of footwear by creating a convex 
platform containing a complex of antiskid elements on the back of the heel supporting surface 
is offered. The experiments showed that the convex heel area increases its antiskid 
characteristics and the stability of the wearer when stepping on the supporting surface. 
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Uniwersytet technologiczno-Humanistyczny w Radomiu 
Wydział Sztuki, Katedra Wzornictwa 
ul. Malczewskieo 22, 26-600 Radom 
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ZWIĘKSZENIE WŁAŚCIWOŚCI ANTYPOŚLIZGOWYCH POWIERZCHNI TOCZNEJ 
OBCASA 

Streszczenie 

     Zaproponowano metodę zwiększania właściwości przeciwpoślizgowych obuwia poprzez 
tworzenie wypukłej platformy zawierającej zespół przeciwpoślizgowych elementów z tyłu 
obcasa. Eksperymenty wykazały, że wypukła powierzchnia obcasa zwiększa swoje właściwo-
ści przeciwpoślizgowe i stabilność użytkownika podczas wchodzenia na powierzchnię pod-
parcia.  
 
 
 

 
prof. Petr STEPANOVICH  KARABANOV,  
prof. Ekaterina VLADIMIROVNA ZAUSHITSINA,  
prof. Valentina VLADIMIROVNA KOSTYLEVA, 
prof.  Galina ALEXANDROVNA BOROZDINA,  
prof. Elena VLADIMIROVNA KAZAKOVA 
Federal state budget educational institution of higher 
education «Russian state university named after A.N. 
Kosygin (Technology. Design. Art)» 
Sadovnicheskaya street 33, Moscow 
117997 Russian Federation 
p.s.karabanov@mail.ru, kafedratik@mail.ru,  
kostyleva.vv@mail.ru, el.kazackova@yandex.ru 
 
prof. Maria PAWŁOWA 
University of Technology and Humanities in Radom 
Faculty of Art 
Department of Design 
ul. Malczewskieo 22 
26-600 Radom 
m.pawlowa@uthrad.pl 
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X Międzynarodowa Konferencja  
z cyklu: 

 
„Rola towaroznawstwa w zarządzaniu 

jakością 
w warunkach gospodarki  

opartej na wiedzy” 
 

Gdynia, 4–6 listopada 2020 r. 
 

Konferencja odbędzie się w dniach  4–6 
listopada 2020 roku na Wydziale Przedsię-
biorczości i Towaroznawstwa Uniwersytetu 
Morskiego w Gdyni, a jej tematem przewod-
nim będzie:  

 
Zarządzanie jakością towarów i usług  
w aspekcie zrównoważonego rozwoju  

 
Patronat honorowy nad konferencją objął 

JM Rektor Uniwersytetu Morskiego w  Gdy-
ni prof. dr hab. inż. Janusz  Zarębski 
 

Konferencja będzie również okazją do 
uczczenia Jubileuszu 50-lecia pracy nauko-
wej prof. dr hab. inż. Piotra Przybyłowskie-
go. 

 
 

Organizatorzy Konferencji: 
 
 Wydział Przedsiębiorczości i Towaroz-

nawstwa UMG, 
 Polskie Towarzystwo Towaroznawcze 

Oddział Morski, 
 Polskie Towarzystwo Technologów Żyw-

ności Oddział Gdański. 
  

 
 
 
 
 
 
 
 
 

Komitet Honorowy 
 

 Prof. dr hab. Tadeusz Borys – UE Wro-
cław 

 Prof. UEK dr hab. inż. Andrzej Chochół – 
UE Kraków 

 Prof. dr hab. Wojciech Czakon – UE 
Kraków 

 Prof. dr hab. Andrzej S. Grzelakowski – 
UM Gdynia 

 Prof. dr hab. Zenon Foltynowicz – UE 
Poznań 

 Prof. dr hab. Jan Jasiczak – WSL Poznań 
 Prof. Marta Karkalikova – UE Bratysła-

wa, Słowacja 
 Prof. dr hab. Andrzej Korzeniowski – 

WSL Poznań 
 Prof. US dr hab. Barbara Kryk – US 

Szczecin 
 Prof. dr hab. Krystyna Lisiecka – UE 

Katowice 
 Prof. Maria Claudia Lucchetti – UR 

Rzym, Włochy 
 Prof. dr hab. Tadeusz Sikora – UE Kra-

ków 
 Prof. dr hab. inż. Stefan Smoczyński – 

UWM Olsztyn 
 Prof. dr hab. Bogdan Sojkin – UE Poznań 
 Prof. Nataliia Prytulska – KU Kijów, 

Ukraina 
 Prof. dr hab. Romuald Zalewski – PAN 

Poznań 
 Prof. dr hab. inż. Ryszard Zieliński – UE 

Poznań 
 Prof. dr hab. inż. Jerzy Żuchowski – UTH 

Radom 
 Prof. dr hab. inż. Ryszard Żywica – 

UWM Olsztyn 

 

 Informacje 
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Komitet Naukowy 
 

 Prof. dr hab. inż. Piotr Przybyłowski – 
przewodniczący 

 Dr hab. inż. Katarzyna Banach, prof. 
UWM 

 Dr hab. inż. Joanna Brzeska, prof. UMG 
 Prof. dr hab. inż. Ryszard Cierpiszewski 
 Dr hab. inż. Przemysław Dmowski, prof. 

UMG 
 Univ. Prof. Dr. Anna J. Keutgen 
 Dr hab. Joanna Kizielewicz, prof. UMG 
 Dr hab. inż. Wanda Kudełka, prof. UEK 
 Dr hab. Małgorzata Lotko, prof. UTH 
 Dr hab. inż. Alina Matuszak-Flejszman, 

prof. UEP 
 Dr hab. inż. Aneta Ocieczek, prof. UMG 
 Prof. dr hab. Irena Ozimek 
 Dr hab. inż. Stanisław Popek, prof. UEK 
 Dr hab. inż. Marzenna Popek, prof. UMG 
 Dr hab. Adam Przybyłowski, prof. UMG 
 Dr hab. inż. Renata Salerno-Kochan, prof. 

UEK 
 Dr hab. inż. Magdalena Skotnicka  
 Prof. dr hab. Maria Śmiechowska 
 Dr hab. inż. Tomasz Wasilewski,  

prof. UTH 
 Dr hab. inż. Aleksandra Wilczyńska, prof. 

UMG  
 

Komitet Organizacyjny 
 

 Dr hab. inż. Aleksandra Wilczyńska, prof. 
UMG – przewodnicząca 

 Dr hab. inż. Przemysław Dmowski, prof. 
UMG – zastępca przew. 

 Dr inż. Agnieszka Palka – sekretarz 
 Mgr inż. Natalia Żak – sekretarz 
 Dr hab. inż. Millena Ruszkowska, prof. 

UMG – członek 
 Dr inż. Aleksandra Heimowska – członek 
 Dr inż. Katarzyna Krasowaska – członek 
 Dr inż. Anita Kukułowicz – członek 
 Dr inż. Anna Platta – członek 
 Mgr inż. Anna Flis-Kaczykowska – członek 
 Mgr. inż. Paulina Wit – członek 

 

W programie Konferencji znajdą się na-
stępujące obszary tematyczne: 
 Rola innowacyjności w kształtowaniu 

jakości wyrobów i usług, 
 Towaroznawcze aspekty zarządzania 

produktem i marką, 
 Znaczenie społecznej odpowiedzialności 

biznesu w innowacyjnym przedsiębior-
stwie, 

 Bezpieczeństwo i kształtowanie jakości 
żywności, 

 Ekologiczne aspekty w towaroznawstwie, 
 Znormalizowane i zintegrowane systemy 

zarządzania w  praktyce, 
 Społeczne i ekonomiczne aspekty zarzą-

dzania w organizacjach.  
 
 
 

Strona konferencji:  

https://jakosc.wpit.umg.edu.pl/ 
 
 

 
Ramowy program konferencji: 

 
Środa, 04.11.2020 

 Rozpoczęcie konferencji 
 Nadzwyczajna sesja z okazji jubileuszu 

50-lecia pracy zawodowej prof. dr hab. 
inż. Piotra Przybyłowskiego 

 Bankiet 
 Pokaz filmowy w Gdyńskim Centrum 

Filmowym 
 

Czwartek, 05.11.2020 
 Sesje plenarne 
 Uroczysta kolacja 
 

Piątek, 06.11.2020 
 Sesje plenarne 
 Zakończenie konferencji 
 
 
Publikacja: recenzowane monografie nau-
kowe opublikowane w wydawnictwie z poz. I  
(80 pkt. za monografię/20 pkt. za rozdział) 
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Ważne terminy 
 

 10 kwietnia 2020 r.   –  rejestracja 
uczestnictwa oraz zgłaszanie abstraktów 

 10 czerwca 2020 r.   –  przesłanie peł-
nych tekstów artykułów 

 10 czerwca 2020 r.   –  wniesienie opłaty 
konferencyjnej  

 październik 2020 r.  –  wydruk monogra-
fii konferencyjnych 

 
Koszty uczestnictwa 

 
Uczestnik 1150 zł 
Uczestnik, członek PTT 1100 zł 
Doktorant 850 zł 
Publikacja bez uczestnictwa 450 zł 

 
Opłata konferencyjna obejmuje: 

 uczestnictwo w sesjach,  
 1 publikację (za dodatkową publikację 

dodatkowa opłata),  
 materiały konferencyjne,  
 bankiet powitalny,  
 przerwy kawowe,  
 2 obiady podczas obrad,  
 uroczystą kolację,  
 program kulturalny  

 

Oplata konferencyjna powinna być wniesiona 
na konto: 
 

20 1140 1153 0000 2235 4300 1049 
Uniwersytet Morski w Gdyni 

ul. Morska 81-87 
81-225 Gdynia 

 
z dopiskiem: 

 

KONFERENCJA JAKOŚĆ 2020, 
imię i nazwisko uczestnika, afiliacja 

 
Liczymy, iż Konferencja ta pozwoli na 

nieskrępowaną wymianę doświadczeń nau-
kowych i tym samym da jej uczestnikom 
szerokie możliwości rozwoju naukowego, 
poprzez liczne kontakty z przedstawicielami 
innych ośrodków badawczych oraz wzajemną 
inspirację uczestników. 
 
Serdecznie zapraszamy do udziału w tym 
wydarzeniu. 
  

W imieniu Komitetu Organizacyjnego 
 

Przewodnicząca, 
dr hab. inż. Aleksandra Wilczyńska,  

prof. UMG 
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Recenzentami prac w kwartalniku 
Towaroznawcze Problemy Jakości w 2019 roku byli: 

 
Dr hab. inż. Joanna K. Banach, prof. UWM, Uniwersytet Warmińsko-Mazurski w Olsztynie, 

Dr hab. inż. Joanna Brzeska, prof. UMG, Uniwersytet Morski w Gdyni, 

Dr hab. inż. Krzysztof Górski, prof. UTH, Uniwersytet Technologiczno-Humanistyczny 
w Radomiu,  
 

Dr hab. inż. Monika Kapituła-Modzelewska, prof. UWM, Uniwersytet Warmińsko-Mazurski 
w Olsztynie, 

Dr hab. inż. Joanna Klepacka, prof. UWM, Uniwersytet Warmińsko-Mazurski w Olsztynie, 

Dr hab. inż. Dorota Kręgiel, prof. PŁ, Politechnika Łódzka, 

Dr hab. inż. Iwona Konopka, prof. UWM, Uniwersytet Warmińsko-Mazurski w Olsztynie, 

Dr hab. Małgorzata Koszewska, prof. PŁ, Politechnika Łódzka 

Dr hab. Małgorzata Kowalska, prof. UTH, Uniwersytet Technologiczno-Humanistyczny  
w Radomiu, 

Dr hab. Wojciech Kozak prof. UEP, Uniwersytet Ekonomiczny w Poznaniu 

Dr hab. inż. Wanda Kudełka, prof. UEK, Uniwersytet Ekonomiczny w Krakowie, 

Dr hab. Tomasz Lech, prof. UEK, Uniwersytet Ekonomiczny w Krakowie, 

Dr hab. inż. Anna Lewandowska, prof. UEP, Uniwersytet Ekonomiczny w Poznaniu, 

Dr hab. Marta Ligaj, prof. UEP, Uniwersytet Ekonomiczny w Poznaniu, 

Dr hab. inż. Marcin Łukaszewicz, prof. UWr, Uniwersytet Wrocławski, 

Prof. dr hab. Ewa Marcinkowska, Uniwersytet Ekonomiczny w Krakowie, 

Dr hab. inż. Joanna Michalak, prof. UWM, Uniwersytet Warmińsko-Mazurski w Olsztynie, 

Dr hab. Piotr Miller, prof. SGH, Szkoła Główna Handlowa, 

Prof. dr hab. Jan Niemiec, Szkoła Główna Gospodarstwa Wiejskiego w Warszawie 

Dr hab. inż. Aneta Ocieczek, prof. UMG, Uniwersytet Morski w Gdyni, 

Dr hab. inż. Stanisław Popek, prof. UEK, Uniwersytet Ekonomiczny w Krakowie, 

Dr inż. Ryszard Rafałowski, Uniwersytet Warmińsko-Mazurski w Olsztynie, 

Dr hab. Urszula Samotyja, prof. UEP, Uniwersytet Ekonomiczny w Poznaniu, 

Prof. dr hab. Barbara Sawicka Uniwersytet Przyrodniczy w Lublinie, 

Dr hab. inż. Tomasz Sawoszczuk, prof. UEK, Uniwersytet Ekonomiczny w Krakowie, 

Dr hab. inż. Marcin Sobczak, prof. WUM, Warszawski Uniwersytet Medyczny, 

Prof. dr hab. Henryk Szymusiak, Uniwersytet Ekonomiczny w Poznaniu, 

Prof. dr hab. Maria Śmiechowska, Uniwersytet Morski w Gdyni, 

Dr hab. inz. Andrzej Świderski, prof. ITS, Instytut Transportu Samochodowego, 
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Prof. dr hab. inż. Ryszard Świetlik, Uniwersytet Technologiczno-Humanistyczny w Radomiu, 

Dr hab. inż. Anna Sylwia Tarczyńska, prof. UWM, Uniwersytet Warmińsko-Mazurski 
w Olsztynie, 
 

Prof. dr hab. Maciej Urbaniak, Uniwersytet Łódzki, 

Dr hab. inż. Tomasz Wasilewski, prof. UTH, Uniwersytet Technologiczno-Humanistyczny  
w Radomiu, 

Dr hab. inż. Aleksandra Wilczyńska, prof. UMG, Uniwersytet Morski w Gdyni, 

Dr hab. inż. Rafał Wołosiak, prof. SGGW, Szkoła Główna Gospodarstwa Wiejskiego 
w Warszawie, 

Dr hab. inż. Agnieszka Wójtowicz, prof. UP, Uniwersytet Przyrodniczy w Lublinie, 

Dr hab. inż. Katarzyna Wybieralska, prof. UEP, Uniwersytet Ekonomiczny w Poznaniu, 

Dr hab. inż. Grzegorz Zając, prof. UP, Uniwersytet Przyrodniczy w Lublinie, 

Prof. dr hab. inż. Ryszard Zieliński, Uniwersytet Ekonomiczny w Poznaniu, 

Dr hab. inż. Hanna Żakowska, prof. COBRO, Instytut Badawczy Opakowań w Warszawie, 

Prof. dr hab. inż. Ryszard Żywica, Uniwersytet Warmińsko-Mazurski w Olsztynie.

 
 
 
 
 

 


