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Introduction
Current Trends in Commodity Science: Cosmetic Products Development
Monograph, contains articles focused on the properties and application
of active compounds in cosmetic formulations. First group of articles concerns
researches related to the development of cosmetics for children and young
consumers. It is crucial for the producers to know which features
of the product will fulfill the consumers needs. Cosmetics for children should
contain compounds of the highest quality and safety, therefore the attempt
to develop a gentle body products for children was in the centre of interest.
Moreover, some crucial parameters were tested in prepared formulations.
In the article concerning cosmetics for young consumers, authors presented
the results of the studies on preferences of consumers in the age group
of 18-35 years old. Some key factors important for this group of consumers
and their purchasing decisions towards cosmetics are selected.
Next group of articles refers to the subject of surfactants. These
compounds play an important role in many different products such
as cosmetics, pharmaceuticals or detergents. Application of these compounds
as skin penetration enhancers or their use in the green chemistry is discussed.
An increasing interest in the possibility of creating new surfactants based
on natural materials was uderlined. It shows new and alternative trends
in surfactants market. One of presented articles concerns on the computation
of the partition coefficient of cationic and amphoteric surfactants between
octanol and water. Another article is related to the subject of surfactants
toxicity against microorganisms living in aquatic environment, which is useful
for the selection and application of appropriate surfactants with low impact
on the environment.
Globalization of cosmetic production on one hand increase the access
to varied cosmetic products but it enhance also the awareness of the impact
of cosmetic additives on human health and the environment. Meeting
consumers expectations on the global cosmetic market different active agents
as palmitoyl hexapeptide-12, talc, hydrolyzed elastin and keratin, gelatin,
hyaluronic acid were tested towards shaping of varied properties of different
personal care products. According to the authors, addition of tested
compounds influenced on properties of prepared formulations. The results of
antimicrobial activity of products containing surfactants are also extensively
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discussed in one of the following articles. The introduction of betaine
surfactants effected the surface and antimicrobial properties of tested products.
Nowadays, the trend to use natural cosmetics without chemical additives
is observed, therefore two next articles are covering the topics of flower and oat
straw extracts as valuable cosmetic products ingredients. The authors observed
that flower as well as oat straw extracts may be a potential source of natural
antioxidants with beneficial effect on skin and they could be very valuable
ingredients of cosmetic formulations. Finally the last article presents
the capabilities of addition of enzymatically modified turkey fat in model
emulsions. Physicochemical properties and usability of emulsion with this
addition were tested
We hope that this compilation of articles will be interesting both
to scientists and to consumers. We wish you all a pleasant reading.

Daniela Gwiazdowska
Katarzyna Marchwińska

6

RESEARCH ON THE DEVELOPMENT OF SAFE
COSMETICS FOR CHILDREN
Emilia Klimaszewska
Department of Chemistry, Faculty of Materials Science and Design,
University of Technology and Humanities in Radom, 26-600 Radom, Poland
e.klimaszewska@uthrad.pl

Abstract: In view of marked differences between the skin of children
and adults special attention must be paid to the composition of cosmetics
intended for children. Such cosmetics should contain materials of the highest
quality and safety, at optimal concentrations. In order to meet these
requirements, manufacturers search for new safe materials, often based
on natural ingredients. One such group comprises plant oils which, on account
of their multiple valuable properties, have enjoyed a high popularity
on the market for children’s cosmetics. The above observation was adopted
as a foundation for a more in-depth exploration of the topic.
The study was an attempt to formulate and prepare gentle body care
cosmetics for children conforming to the COSMOS (Cosmetic Organic
Standard) requirements. A total of four formulations were developed
and prepared: one reference cosmetic containing Helianthus Annuus
(Sunflower) Seed Oil and three test formulations of body care products
containing different plant oils: Oeonthera Biennis (Evening Primrose) Seed
Oil, Prunus Amygdalus Dulcis (Sweet Almond) Oil and Oryza Sativa (Rice)
Bran Oil. Taking into account available literature reports on properties
associated with these plant oils, and particularly their composition
approximating that of the intercellular cement, it was decided to verify their
effect on the physicochemical and functional properties of children’s
cosmetics. The parameters tested were: stability, dynamic viscosity, yield
stress and consistency. The findings of the study demonstrate that the choice
of plant oil type has an effect on different properties of children’s cosmetics.
Keywords: cosmetics for children, plant oils, quality
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INTRODUCTION
Children’s cosmetics are a group of products which, similarly to all other
cosmetics, is subject to Regulation (EC) No. 1223/2009 of the European
Parliament and of the Council of 30 November 2009. In accordance with
the Regulation and the Commission Implementing Decision 2013/674/EU,
cosmetics for children under three years of age require a detailed safety
assessment. The above provision is due to differences in skin structure between
children and adults. In children the epidermis is thin and loosely bound
to the dermis. The dermis is also thin, with sparse collagen fibres and a virtual
absence of elastic fibres. The subcutaneous tissue is poorly developed as well.
Compared with adults, children have fewer cells responsible for melanin
production, so their degree of natural protection against sunlight is weaker.
The total skin surface area to body weight ratio in children is two to three times
higher than in adults. Consequently, the quantity of substances potentially
absorbed through children’s skin is larger than in adults per body weight.
Furthermore, the skin of children contains relatively little of the natural
moisturizing factor (NMF), and transepidermal water loss (TWL) in this group
is high [Harpin and Rutter 1983; Giusti et al. 2001; Regulation (EC)
No. 1223/2009; The SCCS Note of the Testing of Cosmetic Ingredients 2015;
Nikolovski et al. 2008; Walters et al. 2008; Kamińska 2010].
Therefore, a very important factor in the development of cosmetic
formulations for children is the selection of mild-acting and safe ingredients.
Formulations of this type should be designed on the basis of knowledge of skin
physiology and childhood dermatoses [Nasir 2005; Walters et al. 2008;
Regulation (EC) No. 1223/2009; Kamińska 2010; Worwood 2012; Karaduman
2014; The SCCS Note of the Testing of Cosmetic Ingredients 2015].
For example, Stamatas et al. [Stamatas et al. 2010] drew attention
to the important role of lipids, particularly ceramides and fatty acids,
in the functioning of children’s skin. They are known to improve the skin
moisture level (NMF, Natural Moisturizing Factor), incorporate into
the intercellular cement and maintain proper epidermal barrier function.
The intercellular cement has a number of components including ceramides
(40%), sterols (25%), free fatty acids (18%) and hydrocarbons (18%).
Unfortunately, the lipid content in the skin often becomes reduced. The first
visible clinical signs of lipid deficiency are skin lesions presenting, among
others, as atopic dermatitis (AD) which occurs very frequently in children
nowadays. AD is a disease leading to excessively dry skin, skin lesions
8

manifested as exudative papules of inflammatory origin and severe pruritus
[Callard and Harper 2007; Pigatto et al. 2010; Stamatas et al. 2011; Visscher
and Geiss 2014].
One method of replenishing lipid deficiency in the intercellular cement
is the addition of plant oils to children’s cosmetics. Many constituents
of the intercellular cement occur naturally in plant oils [Anwar 2005; KacalakRzepka et al. 2008; Jaworska, Sikora and Ogonowski 2011; Ficheux
et al. 2016]. They include, for example, rice bran oil, evening primrose oil
and sweet almond oil.
Rice bran oil is a source of vitamin E, and also contains vitamin
K and fatty acids (oleic, linoleic and palmitinic) [Anwer and Mahmood 2005;
Goffman, Pinson and Bergman 2003]. Hu et al. [Hu et al. 2003] in their studies
confirmed that black rice contained anthocyanins – a group of compounds
possessing bioactive (antioxidant and antiinflammatory) properties.
An important component of rice bran oil, as Scavariello and Arellano report
[Scavariello and Arellano 1998], is also gamma-oryzanol, a natural
antioxidant. Rice bran oil is recommended to individuals with dry and sensitive
skin, in the treatment of cutaneous diseases [Jariwalla 2000; Alanen, Nuutinen
and Nicklén 2004; Patel and Naik 2004; Kong, Lee 2010]. In their in vivo
studies, Bernardi et al. [Bernardi et al. 2011] showed a high level of moisture
in the skin after the application of nanoemulsions containing 10% of rice bran
oil. They also noted a low irritant potential after the application of this type
of cosmetic. The authors concluded that a nanoemulsion containing rice bran
oil might be useful in the treatment of atopic dermatitis and psoriasis.
Evening primrose oil is a rich source of polyunsaturated fatty acids
and, in particular, the rarely occurring γ-linolenic acid [Fieldsend and Morison
2000; Deng et al. 2001; Ghasemnezhad, Honermeier 2007; Senapati, Banerjee
and Gangopadhyay 2008]. As shown by Montserrat-de La Paz
et al. [Montserrat-de La Paz et al. 2014], evening primrose oil also contains
a number of acids: linoleic, oleic, palmitinic and stearic, as well
as phytosterols, enzymes, vitamin E, and other substances. Nogala-Kalucka
et al. [Nogala-Kalucka et al. 2010] in their research confirmed a high
antioxidant activity of evening primrose oil.
Sweet almond oil contains over 90% of esters of unsaturated fatty acids
(oleic and linoleic), vitamins (A, D, E, B1, B2, B5 and B6) and a wide range
of minerals including K, Ca, Mg, Fe, P, S [Ahmad 2010; Moayedi et al. 2011;
Özcan et al. 2011]. The chemical composition of oils derived from various
9

almond species was studied, among other researchers, by Moayedi
et al. [Moayedi et al. 2011] and Özcan et al. [Özcan et al. 2011]. Kodad
et al. analyzed the content and concentration of tocopherols in oil extracted
from different almond varieties in their study [Kodad et al. 2011]. In addition,
almond oil contains polyphenols which exhibit antioxidant properties [Chen,
Lapsley and Blumberg 2006]. Almond oil smoothes and softens the skin
texture, and supplies the skin with moisture. It is recommended especially
for delicate and sensitive skin types [Chen, Lapsley and Blumberg 2006;
Ahmad 2010].
Taking into consideration the available literature data on plant oils,
and in particular their composition which is similar to the intercellular cement,
an attempt was made in the present study to formulate and produce gentle
cosmetics for children, complying with the COSMOS (Cosmetic Organic
Standard) requirements, based on the plant oils discussed. The key aspects
in the formulation of cosmetics of this type are the physicochemical
and functional properties of the resulting products. Therefore, the study
involved an assessment of the basic physicochemical and functional
characteristics of children’s body care cosmetics enriched with plant oils.
MATERIALS AND METHODS
Raw Materials
As ingredients of skin care cosmetics for children detergents following
materials were used:
 Cetearyl Olivate/Sorbitan Olivate, Olivem 1000 from B&T Srl
 Cetearyl Alcohol, Lanette O from Basf
 Caprylic/Capric Triglycerides, Crodamol GTCC from Croda SA,
 Glycerin, Cremerglyc Refined Glycerine Organic from Cremer (active
mater 99,5%)
 Helianthus Annuus (Sunflower) Seed Oil from Seatons Sunflower Oil
from Croda SA
 Oeonthera Biennis (Evening Primrose) Seed Oil, Cropure Evening
Primrose LQ from Croda SA
 Prunus Amygdalus Dulcis (Sweet Almond) Oil, the raw materials
from STANDARD S.A.
Oryza Sativa (Rice) Bran Oil , the raw materials from ECOSPA


 Lactic Acid from P.O.Ch,
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 Sodium benzoate (and) potassium sorbate, KEM BS from Pol Nil SA
(conncentation of active matter 50%)
 Aqua.
Methods
Stability
Stability is one of the key quality indicators of cosmetics for children.
The stability of the formulations was assessed by performing two types of tests.
The first test involved a visual assessment of ointments stored
at the temperature of 40°C in a ST-68 incubator for two weeks. At the end
of the storage period, changes to the appearance of the formulations were
assessed.
In order to identify phenomena which could not be observed visually,
ointment samples were examined by means of a Turbiscan Lab Cooler analyzer
from Formulation, a device which allows the characterization
of physicochemical processes and phenomena at a very early stage.
The cosmetics for children samples were stored at the temperature of 40°C
for a period of two weeks. The test was performed immediately after cosmetics
for children preparation and after two weeks.
Viscosity
The measurements of dynamic viscosity were conducted using the viscometer
Brookfield HA DV III Ultra. The tests were conducted with a Helipath spindle
set. The measurements were made at the temperature of 20oC at the speed of 10
rpm. The average from 5 independent measurements was assumed as the final
result.
Yield stress
Yield stress is the lowest value of shear stress at which a substance begins
to flow. Yield stress thus characterizes the plasticity of a system. Cosmetics
which are characterized by a lower yield stress have a lighter consistency
and spread more easily on the skin. The yield stress of the cosmetics
for children under study were determined with a Brookfield HA DV III Ultra
viscometer equipped with a set of vane spindles. Measurements were
performed at a constant rotational speed of the spindle (1 rpm). Measurement
results were recorded and analyzed using EZ-Yield Software.
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Consistency test
Consistency was determined with a Brookfield CT3 texture analyzer. The test
makes it possible to assess and objectively compare a range of qualities which
are typically evaluated using the senses, including hardness, stickiness,
brittleness and elasticity. The parameters translate into the ease of spreading
cosmetics for children on the skin and cosmetics for children adhesion.
The tests were performed using a TA43 spherical probe made of nylon, with
a diameter of 25.4 mm. The depth of probe penetration was 10 mm at the head
movement speed of 0.1 mm/s. The results were recorded by the Texture Pro
CT software. Texture profile analysis (TPA) involved an assessment
of the following properties: hardness (maximum force recorded during a single
test cycle) of the formulation and the adhesive power which determines the
adherence of the formulation to the probe.
RESULTS AND DISCUSSION
Based on the literature reports, market research and own experience [Zięba
et al. 2015; Klimaszewska and Małysa et al. 2016; Klimaszewska
and Wasilewski et al. 2016; Klimaszewska and Ogorzałek et al. 2017], four
formulations for children’s natural body care cosmetics were developed.
The formulations were made with the following ingredients: Cetearyl
Olivate/Sorbitan Olivate, Cetearyl Alcohol, Caprylic/Capric Triglycerides,
Glycerin, Lactic Acid, Sodium Benzoate (and) Potassium Sorbate and Aqua.
Each of the final formulations contained another plant oil. The following oil
types were used: sunflower oil (reference cosmetic), rice bran oil, sweet
almond oil and evening primrose oil. Sunflower oil was selected
as the reference cosmetic because of its routine application in cosmetics
for children. Sunflower oil contains linoleic acid, waxes, phospholipids,
carotenes and vitamin E. In addition, it reinforces the epidermal barriers,
and softens and smoothes the skin [White et al. 2008; Alibe and Inuwa, 2012;
Nasir 2015]. The choice of sunflower oil was dictated by its practicality
and widespread use in cosmetic industry applications.
The formulations of body care cosmetics for children are shown
in Table 1.
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Table 1. Formulations of prototypical body care cosmetics for children
INCI NAME

[% w/w]
Formula I

Formula II

Formula III

Ceteary Olivate/Sorbitan
Olivate

2

Cetearyl Alcohol

5

Caprylic/Capric
Triglycerides

5

Glycerin

3

Helianthus Annuus
(Sunflower) Seed Oil
Oryza Sativa (Rice) Bran
Oil

5
5

Prunus Amygdalus Dulcis
(Sweet Almond) Oil
Oeonthera Biennis
(Evening Primrose) Seed
Oil
Lactic Acid
Sodium Benzoate (and)
Potassium Sorbate
Aqua
Source: own research

Formula IV

5
5
up to pH = 5.5
q.s.
up to 100

The ingredients of the water and lipid phases were weighed, heated
to 65–70°C and mixed separately. In the next step, the oil phase was added
to the water phase, while stirring vigorously. The resulting emulsion
was simultaneously stirred and cooled down to a temperature of 55°C. Next,
the emulsion was homogenized (Silent Crusher-M homogenizer, Heidolph)
at the rotational speed of 10,000 rpm for five minutes. After cooling to 30°C,
a preservative was added. To complete the procedure, the pH was adjusted
to ca. 5.5 with lactic acid.
Two commercial preparations were used, marked with the symbols: CPI
and CPII.
Cosmetics for children CPI- INCI composition: Aqua, Petrolatum,
Glycerin, Butylospermum Parkii Butter, Cetearyl Alcohol, Paraffinum
Liquidum, PEG-20 Stearate, PVP, Benzyl Alcohol, Potassium Sorbate, Citric
Acid, Parfum.
Cosmetics for children CPII - INCI composition: Aqua, Paraffinum
Liquidum, Glycerin, Caprylic/Capric Trigliceride, Cetearyl Alcohol, Glyceryl
13

Stearate Citrate, Dimethicone, Cera Microcristallina, Octyldodecanol,
Butylospermum Parkii Butter, Sodium Carbomer, Ethylhexylglycerin,
Piroctone Olamine, Phenoxyethanol, Parfum.
Stability
Stability is an elementary prerequisite for the launch of children’s cosmetics
to the market. All prototypical body care cosmetics for children as well
as commercial products (CPI and CPII) were subjected to an elevated (40°C)
and reduced (5°C) temperature, followed by tests performed with a Turbiscan
analyzer. As the test products demonstrated complete stability, they were
approved for further tests.
Sample test results obtained using a stability tester for concentrated
emulsions, suspensions and foams are shown in Fig. 1.

Fig. 1. Correlation of transmittance (T) and light scattering (BS) to sample height
determined for the body care cosmetic with rice bran oil stored at 40°C for 14 days
(Turbiscan)

Viscosity
Dynamic viscosity is another important indicator of the quality of children’s
products. Cosmetics of this type should have an appropriate viscosity, so that
they can be applied on children’s skin quickly and easily. An excessive
viscosity may contribute to problems with dispensing the product from
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Dynamic viscosity [mPa·s]

its packaging. The results obtained in viscosity measurements performed
for children’s body care cosmetics are shown in Fig. 2.
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

Formula I

Formula II Formula III Formula IV

CPI

CPII

Fig. 2. Dynamic viscosity of prototypical body care cosmetics for children
(Formulations I, II, III and IV) and commercial products (CPI and CPII)

The type of plant oil used in body care cosmetics for children was found
to have an effect on the level of dynamic viscosity in products of this type.
For the reference cosmetic (with sunflower oil, Formulation I) the η value
was 8,000 mPa·s. The incorporation of other plant oils into the prototypical
body care cosmetics under study increased the parameter by 10–32%
compared to the reference product. The dynamic viscosity results
can be ranked as follows in order of decreasing values: Formulation III (sweet
almond oil) > Formulation IV (evening primrose oil) > Formulation II (rice
bran oil). Moreover, the test results obtained for the majority of prototypical
body care cosmetics for children are within the range determined for their
commercially available equivalents.
Yield stress
The rheological properties of children’s cosmetics can be described by yield
stress. Generally, it is recognized that the lower the yield stress, the “lighter”
the consistency of a given cosmetic product and the better its spreadability
on the skin. The value of the parameter should not be too low, as otherwise
15

the product may flow off the skin surface during application. Furthermore,
determining the optimum yield stress value is helpful for the selection
of an appropriate packaging type and method of dosage for cosmetics.
The yield stress values determined for the studied body care cosmetics
for children are shown in Fig. 3.
100

90

Yield stress [Pa]

80
70
60
50

40
30
20
10
0
Formula I

Formula II

Formula III

Formula IV

CPI

CPII

Fig. 3. Yield stress of prototypical body care cosmetics for children (Formulations I,
II, III and IV) and commercial products (CPI and CPII)

The stress yield values determined for the children’s cosmetics under
study vary from 39.5 to 57.5 Pa. The results obtained for the formulated
cosmetics for children were found to be within the same range as commercial
products. The yield stress value determined for the reference cosmetic
containing sunflower oil is 42.5 Pa. The value of the tested parameter
for the cosmetic formulated with rice bran oil was shown to be only slightly
higher (46.5 Pa). The addition of other oils (evening primrose oil and sweet
almond oil) to children’s body care cosmetics increases the yield stress value
by approximately 23–35% compared to the reference cosmetic. The results
obtained in the study thus correlate well with the findings obtained for dynamic
viscosity.
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Consistency test
The results of the analysis focused on the consistency of the children’s body
care cosmetics under study are shown in Fig. 4. The adhesive power
and hardness measurements were performed in order to assess and objectively
compare the product features which are typically evaluated in a subjective
manner, using the senses.
20
hardness

adhesion

Parameter value[g]

15
10
5
0
Formula I Formula II FormulaIII FormulaIV

CPI

CPII

-5
-10

Fig. 4. Hardness and adhesive power values determined for prototypical body care
cosmetics for children (Formulations I, II, III and IV) and commercial products (CPI
and CPII)

The results of the tests outlined above warrant the conclusion that
the choice of plant oils for the formulations of body care cosmetics for children
has only a slight effect on the values of hardness and adhesive power.
The hardness values determined for the cosmetics under study ranged from
12 to 15 g. The lower the hardness level, the “better” the spreadability
of cosmetics on the skin. The lowest value of the tested parameter was recorded
for the commercial product CPI and for the cosmetic formulated with rice bran
oil. The highest value (15.5 g) was found for the cosmetic enriched with sweet
almond oil.
With regard to adhesive power, which is a parameter reflecting among
others the adherence of cosmetics to the skin, there were no significant
differences. The test results varied between -6 and -5 g. The commercial
17

cosmetic CPI was the only one with a notably lower value (-4 g) which
may indicate its “weaker” adherence to the skin compared to other products
tested. The results obtained are thus coherent with the results recorded
in dynamic viscosity and yield stress tests.
CONCLUSIONS
The study involved the development and preparation of formulations for gentle
and safe body care cosmetics for children based on materials conforming to the
COSMOS-standard. The main focus when designing cosmetics of this type
was the physiology of children’s skin. According to studies reported
in the literature, several materials were selected for tests on the basis of their
valuable dermatological properties in the studied group of target consumers.
The ingredients were: Oeonthera Biennis (Evening Primrose) Seed Oil, Prunus
Amygdalus Dulcis (Sweet Almond) Oil and Oryza Sativa (Rice) Bran Oil.
Other key factors that need to be taken into consideration
in the formulation of natural cosmetics for children are physicochemical
and functional properties determining the ease of application of such products
– including stability, viscosity, yield stress and consistency.
The study revealed the following findings:
 All the body care cosmetics for children formulated and prepared
in accordance with the COSMOS-standard display a level of stability
that is appropriate for this type of products.
 The type of plant oil used in the prototypical body care cosmetics
for children was found to influence the level of dynamic viscosity
in products of this type. Dynamic viscosity can be ranked as follows
in order of decreasing values: Formulation I (sunflower oil) >
Formulation II (rice bran oil) > Formula IV (evening primrose oil) >
Formula III (sweet almond oil).
 The stress yield values determined for the prototypical cosmetics
for children range from 42.5 to 57.5 Pa. The lowest value, correlated
with the ease of application of cosmetics on the children’s skin, was
obtained for the products enriched with sunflower oil and rice bran oil.
 The selection of plant oils for the formulations of body care cosmetics
for children only slightly affects the values of hardness and adhesive
power. The lowest values of the tested parameters were obtained
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for the cosmetic formulated with rice bran oil, and the highest –
for the cosmetic enriched with sweet almond oil.
 The results obtained for the majority of formulated cosmetics
for children are within the same range as that found in commercial
products.
Summing up, the substitution of sunflower oil for rice bran oil
and evening primrose oil makes it possible to obtain cosmetics with similar
properties. When sunflower oil is substituted for sweet almond oil,
the resulting products have higher viscosity, yield stress, hardness
and adhesive power values, which may translate into less favourable
spreadability of the cosmetics on children’s skin.
The findings of the study may be useful for the formulators of COSMOScompliant body care cosmetics for children.
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STRESZCZENIE
Z uwagi na fakt, iż skóra dziecka różni się znacznie od skóry dorosłego
człowieka należy zwracać szczególną uwagę przy doborze składu tego typu
kosmetyków. W skład kosmetyków dla dzieci powinny wchodzić bezpieczne
surowce (o optymalnym stężeniu) i najwyższej jakości. Producenci
kosmetyków, aby móc sprostać tym wymaganiom poszukują nowych,
bezpiecznych, często opartych na naturalnych składnikach surowców. Duża
popularnością na rynku kosmetyków dla dzieci cieszą się oleje roślinne,
z uwagi na ich cenne właściwości. Stanowiło to asumpt do podjęcia niniejszej
tematyki.
W artykule podjęto próbę opracowania i wytworzenia delikatnych,
zgodnych ze standardami COSMOS (Cosmetic Organic Standard)
kosmetyków pielęgnacyjnych dla dzieci. Opracowano i wytworzono kosmetyk
referencyjny zawierający w swym składzie Helianthus Annuus (Sunflower)
Seed Oil oraz 3 formulacje kosmetyków pielęgnacyjnych różniące
się zastosowanym olejem roślinnym: Oeonthera Biennis (Evening Primrose)
Seed Oil, Prunus Amygdalus Dulcis (Sweet Almond) Oil, Oryza Sativa (Rice)
Bran Oil. Mające na uwadze dane literaturowe dotyczące właściwości tego
typu olejów roślinnych, a w szczególności podobny skład do cementu
międzykomórkowego, postanowiono zweryfikować ich wpływ na właściwości
fizykochemiczne i użytkowe kosmetyków dla dzieci. Zbadano: stabilność,
lepkość dynamiczną, granicę płynięcia oraz teksturę. Uzyskane wyniki
wskazują, że rodzaj oleju roślinnego wpływa na poszczególne właściwości
kosmetyków dla dzieci.
Słowa kluczowe: kosmetyki dla dzieci, oleje roślinne, jakość
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Abstract: Cosmetics for body washing are used by consumers every day. Their
use not only allows for keeping cleanliness and body hygiene, but also ensures
the sensation of freshness and comfort. Producers are releasing into the market
more and more products in different shapes and forms, e.g. solid soaps
and liquid gels. The article presents the results of the survey research
on preferences of consumers in the age group 18-35, referring to cosmetics
they apply while bathing and body washing.
Young people consider themselves as conscious consumers in cosmetic
industry. When selecting cosmetics they key factor for them is the price
and the brand, they also attach importance to their friends and family's opinion.
The place most frequently selected for buying cosmetics is the drugstore, while
the form of promotion most preferred by consumers is the price reduction
of a given product. The respondents, especially women, are keen to select
new products for body washing. Regarding bar soap, consumers usually decide
on toilet sodium soap. When applying soap in daily care they want it to have
delicate scent, natural color and not to contain allergens. Most consumers
are aware that soap, aside from washing properties, can also have curative
properties. The preferred qualities of shower gel are delicate scent and proper
density. As for a desired effect of gel on the skin, consumers expect it to have
moisturizing, refreshing and nutritious effects. Less than a half
of the respondents use bath salt, which probably results from the fact that
it is used when taking a bath, while the respondents more frequently take
a shower. The majority of consumers prefer natural additives to salt, i.e. honey,
milk, oatmeal and essential oils.
Keywords: soap, shower gel, bath salt, personal hygiene
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INTRODUCTION
According to the Act on cosmetics of 30 March 2001 "(...) a cosmetic
is any chemical substance or mixture designed for external contact with human
body: skin, hair, lips, nails, external genitals, teeth, mucous membranes
of the oral cavity, whose sole or primary purpose is to keep them clean, their
care, perfuming, changing the appearance of the body or improvement
its odor". Today in the market there are available numerous cosmetics for body
washing. Consumers are encouraged by advertisements in the press
and TV commercials to buy different kinds of soaps, gels and other cosmetics
designed for daily use in order to keep hygiene. According to Karczewski
[2002], hygiene means health and cleanliness associated with it should
be identified with action whose purpose is to maintain and strengthen health.
Personal hygiene has a positive effect on not only health and development
of man, but also his well-being [Grono et al. 2013]. However, the providing
of hygiene is not the only function of body washes. Their producers, taking
into account constantly increasing consumers' demands and strong competition
in the market, are releasing improved or brand new products with various
desired features.
The range of bath products designed to maintain body hygiene is very
broad and includes among others bar soaps (traditional soaps), liquid soaps,
shower gels and bath salts [William and Schmitt 1992; MarcinkiewiczSalmonowiczowa 1995; Brud and Glinka 2003; Sarbak, Jachymska-Sarbak
and Sarbak 2013]. Soaps are sodium salts or less often potassium (grey soaps)
of higher fatty acids, most commonly with 12-20 carbon atoms per molecule,
e.g. of palmitic, stearic, oleic or lauric acid produced in the saponification
process (hydrolysis) of fats. They are included to anionic surfactants [CzumakBieniecka; Jamróz-Piegza and Bonczar 2010; Molski 2012; Lasoń et al. 2013].
The consistency of soap depends on the kind of the fatty acid applied
in its production. Thanks to the addition of specific active ingredients soaps
can perform the following functions: disinfecting, moisturizing, oiling,
deodoring or even curative [Molski 2012]. Depending on their function
and specific properties there can be distinguished numerous types of soaps,
including soaps dedicated for children, cream soaps, protective soaps,
perfumed soaps, anti-acne soaps and limestone soaps [Peters 2002].
While traditional bar soaps are still popular, especially in the case
of elderly people, more and more frequently they are being replaced
by detergent soaps (with enriching additives), fully imitating real soaps,
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and more functional liquid hygienic preparations. From the mid-20th century
the term "soap" referred to body wash preparations on synthetic detergents
based on carbon and petroleum-like compounds. They have nothing
to do either with chemical structure or natural origin of classical soap. Liquid
soaps are detergent solutions of synthetic origin; these are usually highly
degreasing sodium salts of lauryl alcohol sulfate. In comparison with bar soaps
they contain less oil phase and more water, they are also slightly milder for skin
due to their lower pH and the addition of ingredients soothing surfactants'
effect. These preparations are often used in public places due to their hygienic
and aesthetic properties. Leaving aside its valuable utility properties, the term
"soap" can be misleading for a consumer, as most consumers are not aware
of what the classical soap really is [Brud and Glinka 2003].
Consumers tend more and more often to appreciate the advantages
of liquid body wash preparations, i.e. their comfortable application as well
as their delicate scent and attractive packaging. A popular group among body
washes are shower gels which can be either clear or slightly opalescent. Those
preparations, apart from removing dirt from the skin surface, also play other
functions, such as moisturizing or oiling, when additionally providing
the sensation of freshness and pleasant scent after the bath [Hunting 2000].
The research proves that they easily dissolve in water and have high abilities
of fat emulsification and reducing surface tension [Kowalik and Szyrej 2016].
They are frequently selected by consumers who prefer active style of life. They
can be associated with high efficiency (usually dense consistency) and high
concentration of washing and active substances due to dense foam produced
when washing [Vogt and Ogonowski 2016 after Patidar et al. 2014].
The term "bath salt" refers to perfumed and colored salt bases softening
water and facilitating the spread of fragrance and dyes. Bath salts do not reveal
curative but cosmetic properties [Fey and Petsitis 2004]. The bath salts most
commonly used are natural sea salts, hydrated magnesium sulfate (bitter salt),
sodium bicarbonate and kitchen salt - fine and coarse salts. Additionally,
in the recipe of bath salt there are used surfactants, such as sodium lauryl
sulfate or succinate, resulting in better foaming, washing and water softening
properties, while the use of fatty acid ethanol amides and fatty acid esters
provides a pleasant sensation of skin smoothness after the bath. Fragrances,
such as essential oils or other natural supplements (milk, oatmeal, dried flower
petals) are added to these cosmetics. With the addition of appropriate active
substances, the salts can have a relaxing, sedative, soothing, bactericidal
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or anti-allergic effect [Malinka 2004; Glinka and Glinka 2008; Marzec 2009;
Lasoń et al. 2013].
The aim of the article was to present the results of the survey research
on the preferences of young consumers concerning bath cosmetics and body
washes.
QUESTIONNAIRE SURVEY
The aim of the survey research was to meet the preferences of young
consumers regarding body washes. The research was conducted by the use
of a paper direct survey and the eBadania.pl service enabling the preparation
and conducting the survey online. In the research there participated 116
persons, women and men, from the Malopolska district. The research was fully
anonymous and the selection of respondents was random.
The survey contained 23 questions, of both single- (17 questions)
and multiple-choice (6 questions). In none of the questions the respondents
could provide their own answers. The first five questions allowed for gathering
general information about the respondents. Commencing from question 6,
the consumers could express their own opinion and preferences regarding body
washes they use.
Characteristics of respondents
The first five questions in the survey referred to sex, age, place of residence
and education level of the respondents and the average sum of money they
spend on cosmetics monthly.
The survey was filled in by 74 women (64%) and 42 men (36%).
The majority of the respondents (85%) were in the 18-25 age group, while
the remaining 15% were in the 26-35 age group. Regarding the place
of residence, the largest number of respondents (36%) reside in cities with
the population of over 500,000 people. 33% of the respondents come from
villages, and 23% of them - from the towns of up to 50,000 people.
The remaining 8% of the respondents come from towns of 50,000 - 500,000
people.
A big difference could be observed in education level of the respondents.
90 people, constituting about 78% of the total, had secondary education, while
23 respondents (20%) had higher education. Two people marked vocational
education, and 1 person marked the option of "basic education". Taking into
account the amount of money the respondents spend on cosmetics in a month,
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about half of them (59 people) declared that they spend on average 50-100
PLN. Fewer than 30% of the respondents spend less than 50 PLN on this
purpose, and 20 persons (around 17%) can spend on cosmetics up to 100-250
PLN a month. Only 3 people buy cosmetics in a month for more than 250 PLN.
Results and discussion
After completing the first five questions, the respondents went on to question
6 where they were asked to determine if they considered themselves
as conscious consumers in the cosmetic industry. 84 respondents (72%),
including 55 women (74%) and 29 men (69%), said ‘yes’ to that question.
The remaining 32 respondents (28%) answered that they did not consider
themselves to be conscious consumers (19 women - 26% and 13 men - 31%).
In question 7 (of multiple choice) the respondents were asked
to determine what factors draw their attention when choosing cosmetics.
The answers are shown in Figure 1. 83% of the respondents marked the price,
which indicates that the price is the key factor when buying cosmetics.
For 67% of the respondents this factor is the brand name. Consumers attach
great importance to the opinions of family and friends, as this response was
chosen by more than a half of respondents (53%). The information on the
packaging is important for 45% of the respondents, 28% of them take into
account specialists’ recommendations, 23% - the packaging and 20% - the
weight. Only 3% of young consumers pay attention to advertisements in the
media, which allows for stating that advertising does not play a key factor when
choosing cosmetics.

Fig. 1. Factors determining the choice of cosmetics
Source: own research
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In Table 1 the answers were analyzed regarding the sex
of the respondents. For more than 80% of consumers of both sexes the price
is an important factor when choosing a cosmetic. The brand is slightly more
important for men (76%), when compared to women (62%). The information
on the packaging is more often read by women (55%) than men (26%).
Also the opinion of friends or family is more often taken into account
by women (59%), compared to men (40%). 32% of women and 21% of men
take into account specialists' recommendations. Men pay more attention
to packaging (36%) in comparison with women (16%). When it comes
to weight, it is equally important for both men and women when choosing
a cosmetic. Only 1% of women and 5 % of men participating in the survey take
into account advertising in the media.
In the next - single-choice question - the respondents were asked
to answer if the appearance of cosmetics is important to them (Figure 2). 35%
of the respondents said that it is “quite significant”, 29% chose the option
“important” and 29% of the respondents marked “not very important”.
The lowest number of respondents selected extreme answers, i.e. “very
important” – 4% of the respondents and “completely irrelevant” – 3%.
Table 1. Factors determining the choice of cosmetics by women and men
Figures

Percentage [%]

Package
Women
Men

12
15

16
36

Weight
Women
Men

15
8

20
19

Price
Women
Men

61
35

82
83

Brand
Women
Men

46
32

62
76

Advertising in the media
Women
Men

1
2

1
5

Information on the packaging

30

Women
Men

41
11

55
26

Friend/ family opinion
Women
Men

44
17

59
40

24
9

32
21

%

Specialists’ recommendations
Women
Men
Source: own research
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Fig. 2. Importance of cosmetic appearance
Source: own research

In question 9 the respondents answered if they usually use the same
cosmetics or rather choose products newly appearing in the market. 36%
of the respondents said that they have been using the same cosmetics for years,
whereas 64% of them like changes and choose new products. Regarding
the sex, it can be observed that a slightly smaller group of men (48%) choose
the same cosmetics when compared to a group selecting new products (52%).
In the case of women, significantly more – 70% of the respondents –
experiment when choosing cosmetics, while only 30% use the same cosmetics
all the time.
When answering question 10 (the place of buying cosmetics),
the respondents could give several responses. The results are presented
in Figure 3. The largest percent of people, both for women (81%) and men
(70%) chose the drugstore as the most common place of buying body washes.
More women (34%) choose the pharmacy in comparison with men (14%).
The shop (hypermarket) was marked by 41% of men and 30% of women. 17%
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of men and 11% of women buy cosmetics online. Only women are interested
in individual or catalog sale (around 10%), no man marked this option
as the place of buying body washes.

Fig. 3. Places of buying body washes
Source: own research

%

In question 11 the respondents were asked to present their preferences
regarding the methods of cosmetics promotion. Each of the participants
to the survey could mark only one out of 6 suggested answers. As it was shown
in Figure 4, a half of the respondents chose the lower price as the best method
of promotion. 23% of the respondents marked the larger capacity at the same
price, while 1/5 of the surveyed preferred a free gift. Less attractive
for consumers are free samples attached to a product (4%), discount coupons
(2%) and free samples attached to a newspaper (1%).
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Fig. 4. The preferred method of promoting cosmetics
Source: own research
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In Table 2 the answers were analyzed regarding the sex
of the respondents. In the female group the most preferred method
of promoting cosmetics was a lower price (53%). A free gift and a larger
capacity at the same price were seen as less important – (23%) and (18%)
respectively. The remaining options were chosen far more rarely. Also
in the male group (Table 2) the lower price was marked as the best method
of promotion. Many respondents chose also the answer “a larger capacity
at the same price” (33%). A free gift was indicated by 6 respondents (14%).
The remaining examples of promoting cosmetics were chosen by very
few respondents. No man selected the option “free samples attached
to a newspaper”.
Table 2. The preferred method of promoting cosmetics by women and men
Lower price
Women
Men
Free gift
Women
Men
Larger capacity at the same price
Women
Men
Free samples attached to a product
Women
Men
Free samples attached to a newspaper
Women
Men
Discount coupon
Women
Men
Source: own research

Figures

Percentage [%]

39
19

53
45

17
6

23
14

13
14

18
33

3
2

4
5

1
0

1
0

1
1

1
2

In question 12 the respondents were asked to choose the method of daily
care they usually apply. The significant majority of the respondents (72%)
marked “shower”, while 28% of them marked “bath in a bathtub”. The shower
was indicated by 68% of women and 79% of men. In question 13
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the participants were asked to choose the most commonly used body wash. 4/5
of the respondents (81% of women and 81% of men) marked a shower gel,
10% of the respondents use a bar soap and 9% - liquid soap.
The next question in the survey referred to the kind of a preferred bar
soap. The most popular is well-foaming toilet sodium soap, indicated by 77%
of the respondents (a similar number of answers in both female (76%) and male
(79%) group was observed). Grey soap, poorly foaming (potassium), was
indicated by 13% of consumers, while glycerin, transparent soap – by 10%.
In question 15 the respondents were asked about the preferred soap
features. There was the possibility of selecting more than one option out of 10
suggested. The results obtained in this question are shown in Figure 5. Young
consumers prefer soap with delicate scent (66%), hypoallergenic (32%) with
natural color (30%). The least people chose soap with intense color (11%)
or colorless (10%) as well as odorless (3%).

Fig. 5. Preferred features of soap
Source: own research

Question 16 provided answers regarding the shape of a bar soap
preferred by the respondents. 46% of the respondents chose a traditional bar,
45% of them indicated an ergonomic shape easily adjustable to hand, whereas
only 9% of the consumers prefer sophisticated shapes of soap (e.g. heart
or star). It allows for the conclusion that the respondents chose soaps easier
to handle, especially when remembering how easily they slip out of hand.
The respondents were asked if in their opinion, aside from washing properties,
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soaps can be attributed with curative properties. 67% of the respondents gave
a positive answer, while approx. 1/3 of them responded negatively.
In question 18, which referred to the preferred features of a shower gel,
the respondents could choose several answers out of fourteen suggested.
As it was presented in Table 3, an important factor is a proper consistency
of shower gel – 47% of the respondents prefer dense gel. Also the intensity
of scent is important – 45% of the respondents indicated delicate scent. Female
respondents prefer dense milk gels with delicate scent and color. Also
in the case of men dense gels are preferred, but when it comes to scent
it can be either delicate or intense.
Table 3. Preferred features of shower gel
Properties, additions
Clear
Milk
Pearl
Intense color
Delicate color
Colorless
Hypoallergenic
Intense scent
Delicate scent
Odorless
With additives (eg. peeling)
Without additionals
Dense
Rare
Source: own research

All
12
31
13
12
25
3
21
29
46
5
22
6
47
1

Women
%
11
38
16
10
30
1
24
26
50
7
24
5
49
0

Man
14
19
7
17
17
5
14
36
38
2
17
7
45
2

Answers obtained in question 19 (of multiple-choice) present
the expectations of consumers regarding the effect of a shower gel on the skin.
The respondents expect it to have a skin moisturizing effect (73%), refreshing
effect (50%) and nutritious effect (44%) (Figure 6). These three features
of a shower gel were most frequently indicated by both women and men
(Table 4).
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Fig. 6. Expected effect on the skin of shower gel
Source: own research

Table 4. Expected effect on the skin of shower gel by women and man
Regenerating
Women
Men
Moisturizing
Women
Men
Curative
Women
Men
Aromatherapeutic
Women
Men
Nutritious
Women
Men
Epidermis exfoliating
Women
Men
Refreshing
Women
Men
Source: own research

Figures

Percentage [%]

23
17

31
41

64
21

87
50

11
5

15
12

9
3

12
7

29
22

39
52

12
3

16
7

35
23

47
55

36

%

Question 20 presents the preferences of the respondents regarding
the packaging of shower gel. A bottle with a pump was indicated by the largest
number of the respondents (46%), slightly fewer chose a bottle (43%), while
only 11% of them prefer a tube. Figure 7 shows the preferences of consumers
concerning the packaging of shower gel separately by women and men.
In a male group the most popular was a bottle (50%), whereas in the female
group – a bottle with a pump (58%).
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Fig 7. Preferences fo.r the packaging of the shower gel
Source: own research

In question 21 the respondents were asked if they use bath salt. 40%
of them gave a positive answer, while 60% answered negatively. 43% female
respondents and 33% of male respondents use bath salts. Those consumers
(46 persons) who gave a positive answer in question 21 were further asked
about the form in which they apply bath salt. As it was shown in Figure 8,
the respondents most frequently use coarse salt (39%), then bath balls (28%)
and fine-grained salt (22%). Bath cubes and powders are very rarely used
by consumers.
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Fig. 8. The preferred form of bath salts used
Source: own research

Those respondents who use bath salt were further asked (question 23 –
of multiple choice) about the features of salts and additives used in them.
The largest number of consumers prefer natural additives to salt (honey, milk,
oatmeal) – 48%, as well as essential oils – 44%. 41% of the respondents
indicated additives providing salts with intense scent, while 30%
of the respondents
chose
sparkling
ingredients.
Intense
dyes,
moisturizing/oiling oils and dry flower petals are less popular with consumers
(Figure 9). It can result from the fact that these additives are harder to remove
from the bathtub surface.

Fig. 9. Consumers’ preferences for features and additives in bath salts
Source: own research
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SUMMARY AND CONCLUSIONS
The conducted survey research provided preliminary information
on consumers' preferences concerning body washes they use. Most of young
consumers consider themselves to be conscious consumers in the cosmetic
industry. For most of them the key role when selecting cosmetics plays
the price and the brand, also the opinion of friends and family is important.
The appearance of cosmetics is differently rated by purchasers of bath
cosmetics and not necessarily important. The place most frequently selected
for buying body wash cosmetics is the drugstore. Individual and catalog sale
are the least popular. The method of promotion most preferred by respondents
is the reduced price of a given product, whereas free samples and discount
coupons are of the least interest. More than a half of the respondents, especially
women, follow the latest trends when choosing products.
As for the preferences when selecting a bar soap, consumers most
frequently decide on the purchase of toilet sodium soap (with good foaming
properties). When applying soap in everyday care they would like it to have
delicate scent, natural color and to be allergens-free. The respondents choose
soaps which are easy to handle (a bar, ergonomic shape easily adjustable
to hand), especially remembering how easily it can slide out of hand. Most
of them are aware that soap, apart from washing properties, can also have
curative ones.
The significant majority of the respondents maintain the body hygiene
by taking a shower and using a shower gel. The preferred qualities of shower
gel are delicate scent and properly high density, thanks to which gel is seen
as more efficient in use. As for the desired effect of gel on skin, consumers
expect it to have moisturizing, refreshing and nourishing properties. Regarding
the packaging, the most popular among men was an ordinary bottle, whereas
in the case of women - a bottle with a pump.
Less than a half of the respondents use salt for bathing, which is probably
due to the fact that it is used for bathing in the bath, while the respondents more
often take a shower. The most commonly selected form of bath salt is coarseand finegrained salt. Bath balls are also popular, as opposed to bath cubes
and powder. Most consumers prefer natural additives given to salt, i.e. honey,
milk, oatmeal as well as essential oils. As opposed to soaps, in the case of salt
intense scent is desired.
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STRESZCZENIE
Kosmetyki do mycia ciała stosowane są przez konsumentów każdego dnia.
Ich użycie pozwala na zachowanie czystości i utrzymanie higieny ciała,
zapewnia również uczucie świeżości i komfortu. Producenci wprowadzają
na rynek coraz to nowsze produkty pod różnymi postaciami i w różnych
formach np. mydła w postaci stałej, płynne żele. W artykule przedstawiono
wyniki badań ankietowych preferencji konsumentów w wieku 18-35,
dotyczących kosmetyków stosowanych przez nich do kąpieli i mycia ciała.
Młodzi klienci uważają się za świadomych konsumentów w branży
kosmetycznej. Przy wyborze kosmetyków największą rolę dla większości
z nich odgrywa cena oraz marka, ważna jest również opinia znajomych,
czy rodziny. Najczęściej wybieranym miejscem zakupu kosmetyków
jest drogeria, zaś najbardziej preferowanym przez konsumentów sposobem
promocji jest obniżenie ceny danego produktu. Ankietowani, szczególnie
kobiety chętnie sięgają po nowe produkty do mycia ciała. Jeśli chodzi
o preferencje w wyborze mydła w kostce, to konsumenci najczęściej decydują
się na zakup mydła toaletowego sodowego. Stosując mydło w trakcie
codziennej toalety chcieliby aby miało ono delikatny zapach, naturalny kolor
i nie zawierało składników alergennych. Większość konsumentów
jest świadoma, że mydło oprócz właściwości myjących może mieć również
właściwości lecznicze. Preferowane cechy żelu pod prysznic to delikatny
zapach i odpowiednio duża gęstość. Jeśli chodzi o pożądane działanie żelu
na skórę konsumenci oczekują nawilżenia, odświeżenia i jej odżywienia.
Niespełna połowa ankietowanych używa soli do kąpieli, co prawdopodobnie
wynika z faktu, iż stosuje się ją w przypadku kąpieli w wannie
zaś odpowiadający częściej biorą prysznic. Najwięcej konsumentów preferuje
naturalne dodatki do soli tj. miód, mleko, płatki owsiane, jak również olejki
eteryczne.
Słowa kluczowe: mydło, żel pod prysznic, sól do kąpieli, higiena osobista
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Abstract : The skin functions as a barrier between our body and our
surroundings. The upper layer of skin, the stratum corneum, is a subtissue that
very efficiently limits penetration of active compounds from pharmaceuticals
and cosmetic formulations. When designing a formulation for topical
application, one must understand the possible interactions between
the formulation and the skin. The stratum corneum exhibits selective
permeability and permits solely comparatively lipophilic compounds to diffuse
into the lower layers. Substance transport across this layer is primarily
by passive diffusion in accordance with Fick's Law. Over the years scientists
have attempted to find compounds or systems that will allow overcoming this
barrier and interaction with deeper subtissues. It is now clear that there
are ways to allow permeation of compounds to and through the skin. The focus
has shifted toward understanding the microstructure of the skin, as well
as the mechanism of action of penetration enhancers, including surfactants.
Surfactants play an important role in many products, including
pharmaceuticals, cosmetics, and food formulations as solubilizers, detergents,
wetting agents, adhesives, emulsifiers and suspending agents. It is recognized
that nonionic surfactants possess the least toxicity and skin irritation potential,
and therefore they have been widely investigated as skin penetration
enhancers. The enhancing ability of surfactants is governed by several factors,
including their functional groups, hydrocarbon chain length, degree
and position of unsaturation, physicochemical properties of permeants, nature
of the vehicles, and whether the surfactants are used alone or in combination.
Keywords: active ingredient, emulsion, percutaneous penetration, permeation
enhancer, surfactant, vehicle
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INTRODUCTION
Cosmetic formulations for topical application are multifaceted and can range
from simple liquids, e.g. aqueous solutions and suspensions, to semisolids,
e.g. gels, emulsions and ointments, to solid systems, e.g. powders
and transdermal patches. The interaction between cosmetic ingredient and skin
cells determines efficiency of the product. Due to the compact structure
the skin outlayer (stratum corneum, SC) prevents skin water loss and protects
human body from outer substances influence [Estrada et al. 2003; Prausnitz,
Mitragotri and Langer 2004]. Physicochemical properties of the active
ingredients (i.e. molecular mass, polarity, lipophilicity), type of emulsion,
the droplet size of dispersed phase, kind of emollients, surfactant/co-surfactant
system and presence of permeation enhancer may affect the percutaneous
absorption [Moser et al. 2001; Yamashita and Hashida 2003]. Different classes
of penetration enhancers including alcohols and polyols (ethanol, propylene
glycol), surfactants (Tween, Span, SLS), fatty acids (oleic acid), amines
and amides (Azone, N-methylpyrrolidone), terpenes (limonene) sulfoxides
(dimethylsulfoxide), esters (isopropylmyristate) were developed over the past
two decades [Nanda, Nanda and Khan Ghilzai 2006]. The emulsions
are widely used as vehicles, because of their excellent solubilizing properties
for lipophilic and hydrophilic active ingredients. Lipophilicity of a molecule
is defined using many theoretical and experimental methods which allow
to predict cosmetic ingredients assimilation [Lyman, Reehl and Rosenblatt
1982]. Moreover, cosmetic base composition and the presence
of the penetration enhancers (promotors) also affect active ingredients
absorption through the skin [Dayan 2005; Otto, Plessis and Wiecherst 2009].
Skin penetration enhancers are molecules which reversibly remove the barrier
resistance of the stratum corneum (SC). They allow cosmetic ingredients
to penetrate more readily to the viable tissues and possibly enter the systemic
circulation [Barry 1987a]. Usually, surfactants are added to formulations
in order to solubilize lipophilic active ingredients, so they have potential
to solubilize lipids within the SC [Williams and Barry 2004]. Surfactants
induce a concentration-dependent biphasic action with respect to alteration
of skin permeability. At low concentrations, surfactants increase
the permeability of the skin to many substances probably because they
penetrate the skin and disrupt the skin barrier function [Piret et al. 2000].
Surfactants are low to moderate molecular weight amphipathic compounds
which contain one hydrophobic part, which is readily soluble in oil
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but sparingly soluble or insoluble in water, and one hydrophilic (or polar) part,
which is sparingly soluble or insoluble in oil but readily soluble in water.
The non-polar hydrophobic portion usually is a straight or branched
hydrocarbon or fluorocarbon chain containing 8-18 carbon atoms, which
is attached to a hydrophilic portion. The hydrophilic portion can be nonionic,
ionic or zwitterion. This article reviews the status of surfactants as permeation
enhancer for farmacologically and cosmetically active compounds.
PATHWAY OF TRANSDERMAL PERMEATION
Stratum corneum (SC) as a skin barrier
Skin is multilayered tissue consisting of epidermis, dermis and hypodermis.
Outermost layer of epidermis is SC layer. These are compacted, flattened,
dehydrated, and keratinized cells. They are inactive and are continuously shed
with constant replacement of epidermis layer. They have the water content
of only 20 %. So, SC layer is the main barrier layer for permeation of drugs
and bioactive cosmetic ingredients, hence permeation through this layer
is the rate limiting step. There are following two major routes of penetration
(Figure 1 and 2): (i) Transcorneal penetration, which includes intra cellular
penetration and inter cellular penetration (Trans cellular) and (ii)
Transappendegeal penetration [Barry 1987a]. In intra cellular penetration
bioactive molecule passes through the cells of the SC, especially in case
of hydrophilic ingredients. As SC hydrates, water molecules accumulate near
the outer surface of the protein filaments. Polar molecules appear to pass
through this immobilized water. Non-polar substances permeate rather through
intercellular penetration. These lipophilic molecules dissolve in and diffuse
through the non-aqueous lipid matrix imbibed between the protein filaments
[Dhamecha et al. 2009]. In transappendegeal penetration (shunt pathway)
the drug molecule may transverse through the hair follicles, the sebaceous
pathway of the pilosebaceous apparatus or the aqueous pathway of the salty
sweat glands (Figure 1). The transappendegeal pathway is considered
to be of minor importance because of its relatively smaller area (less then 0.1%
of total surface). This route may be of some importance for large polar
compounds [Heisig, Wittum and Mazurkevich 1996]. The route through which
permeation occurs is largely dependent on physico-chemical characteristics
of penetrant most important being the relative ability to partition into each skin
phase.
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Mechanism of action of penetration enhancer
In general, the penetration enhancers operate in one or more of three main ways
[Smith and Maibach 2005]:
Lipid action: The enhancers disrupts lipid organization within the SC,
making it more permeable and increasing the penetrant’s diffusion coefficient.
Many enhancers operate mainly in this fashion (e.g., azone, fatty acids
and DMSO). They may or may not mix homogeneously with the endogenous
lipids. Good solvents such as DMSO and ethanol, as well as micellar solutions,
may also extract lipids, making the horny layer (SC) more permeable
as aqueous channels form.
Route of penetration
Sweat pores

Stratum corneum
1

2

3

Viable
epidermis
Sub
epidermal
capillary

Sebaceous
gland

Sweat duct

Sweat gland
Dermal
papilla

Figure 1. Simplified representation of skin showing routes of penetration: 1. through
the sweat ducts; 2. directly across the stratum corneum; 3. via the hair follicles.
Adapted from Mathur et al. [2010]

Protein alteration: Compounds such as ionic surfactants,
decylmethylsulfoxide and DMSO can open up the dense keratin structure
in corneocytes (Figure 2), increasing its permeability by again raising
the appropriate diffusion coefficient. Such molecules also modify peptide
or protein material in the bilayer domain and even split the SC, a clinically
unacceptable process.
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Partitioning promotion: The entry of solvent into the SC alters
the chemical environment and thus may increase partitioning of a companion
molecule (substance, coenhancers or cosolvent) into the horny SC layer. Many
chemical enhancers combine these three LPP (lipid - protein - partitioning)
mechanism. For example, DMSO (above 60%) disturbs intercellular
organization, extracts lipids, interacts with keratin and promotes partitioning
of lipid drug.
In addition, penetration enhancement can be indirect by [Williams
and Barry 2004]:
1. Modification of thermodynamic activity of the vehicle. Rapid
permeation of a good solvent from the donor solution, such as ethanol,
can leave the permeant in a more thermodynamically active state than
when the solvent was present - even to the point of supersaturation.
2. It has been suggested that solvent permeating through the membrane
could „drag‟ the permeant with it, though this concept is somewhat
controversial and remains to be proven.
3. Solubilising the permeant in the donor (e.g. with surfactants),
especially where solubility is very low as with steroids in aqueous
donor solutions, can reduce depletion effects and prolong drug
permeation.
The viable tissue layer and the capillaries are relatively permeable
and the peripheral circulation is sufficiently rapid. Hence diffusion through
the SC is the rate-limiting step. The SC acts like a passive diffusion medium.
Most molecules penetrate through skin via intercellular microroute
and therefore many enhancing techniques aim to disrupt or bypass this
molecular architecture.
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Figure 2. Diagrammatic representation of the stratum corneum and the intercellular
and transcellular routes of penetration. Adapted from Mathur et al. [2010]

Mechanisms of chemical penetration enhancement
According to Barry‘s Lipid-Protein-Partitioning theory [Barry 1991]
penetration enhancers basically employ one or more of the following
mechanisms:
1. Disruption of the ordered intercellular lipids in the SC
2. Interaction with the protein components inside the corneocytes
3. Enhanced partitioning of the drug into the SC
The enhancer act by altering one of three mentioned pathways. The key
to altering the polar pathway is to cause protein conformational change
or solvent swelling. The fatty acid enhancers increase the fluidity of the lipid
protein portion of the SC. Some enhancers act on both polar and nonpolar
pathway by altering the multilaminate pathway for penetration. Enhancers
can increase the molecules diffusivity through skin proteins. The type
of enhancer employed has a significant impact on the design and development
of the product. A useful way to consider factors affecting drug/active
ingredient permeation rate through the SC via the simple equation for steady
state flux was proposed [Pathan and Setty 2009]. If we plot the cumulative
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mass of diffusant, m, passing per unit area through the membrane, at long time
the graph approaches linearity and its slope its yield the steady flux, dm/dt:
dm/dt = D Co K /h

(1)

Where C0 is the constant donor drug concentration; K is the partition
coefficient of a solute between membrane and bathing solution;
D is the diffusion coefficient; and h is the membrane thickness.
From equation 1, the ideal properties for a molecule in order to penetrate
SC well would be the following [Prakash et al. 2016]:
 Low molecular mass, preferably less than 600Da, when D tends to be high.
 Adequate solubility in oil and water in order to achieve a high membrane
concentration gradient, which is the driving force for diffusion (C0 is large).
 High, but balanced (optimal) K , since a too high coefficient may inhibit
clearance from viable tissues. This parameter is very important
in establishing a high initial penetrant concentration in the first layer
of the SC. Molecules showing intermediate partition coefficients (log
Koctanol/water of 1-3) have adequate solubility within lipid domains of the SC
(to permit diffusion through this domain) whilst still having a sufficiently
hydrophilic nature to allow partitioning into the viable epidermis.
 Low melting point, which correlates with good solubility as predicted
by the ideal solubility theory.
When a substance possesses ideal physicochemical properties,
transdermal delivery is feasible. If the substance does not match these ideal
characteristics, manipulation of the substance or vehicle to enhance diffusion
is necessary and/or penetration enhancement techniques are used.
The following classes of compounds have been tested for their enhancer action
[Pandey et al. 2014]: water, hydrocarbons (alkanes and alkenes); alkanols and
alkenols; acids; esters; alkyl amino esters; amides; ureas; amines and bases;
sulfoxides; terpenes, steroids; dioxolanes; pyrrolidone and imidazole
derivatives; laurocapram (Azone) and its derivatives. Other approaches
to enhancement include the use of enzymes, natural oils, phospholipid
micelles, liposomes, niosomes, polymers, isopropyl myristate, nicotinic acid
esters, ethanol, hydrogenated Soya phospholipids, essential oils, n-octanol and
decanol, surfactants.
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Desired quality of chemical penetration enhancers
Ideally, penetration enhancers reversibly reduce the barrier resistance of
the SC without damaging viable cells [William and Barry 2004]. Some of the
more desirable properties for penetration enhancers acting within the skin have
been given as:
 They should be non-toxic, non-irritating and non-allergenic
 They would ideally work rapidly; the activity and duration of effect should
be both predictable and reproducible.
 They should have no pharmacological activity within the body.
 The penetration enhancers should work unidirectionally, i.e., they should
allow therapeutic agents into the body whilst preventing the loss
of endogenous materials from the body.
 When removed from the skin, barrier properties should return both rapidly
and fully to normal.
 They should be cosmetically acceptable with an appropriate skin feel.
No such material that possesses the above ideal properties has yet been
discovered although some chemicals demonstrate several of the above
attributes.
SURFACTANTS AS CHEMICAL PENETRATION ENHANCERS
Surfactant-Skin Interaction
A variety of surfactants have been used as skin penetration enhancer [Karande,
Jain and Mitragotri 2004; Karande, Jain and Arora 2007; Som, Bhatia
and Yasir 2012; Shokri, Akbari Java and Ghadermazi 2014]. These include
anionic, cationic and non-ionic surfactants. Surfactant activity depends
on hydrophilic to lipophilic balance, charge and lipid tail length. They are able
to concentrate at phase interfaces, leading to a reduction in interfacial tension,
and this can lead to alterations in permeability characteristics. The ability
of surfactants to adsorb at interfaces and bind through hydrophobic or polar
interactions may lead to desirable or undesirable effects on the skin depending
on the surfactant concentration, the type of exposure, the duration of contact,
and the individual response [Smith and Maibach 2005]. The selection
of a surfactant as a penetration enhancer should be based not only
on its efficacy in enhancing skin permeation but also on its low dermal toxicity
and its physicochemical and biological compatibility with other components
[Allen, Popovich and Ansel 2005].
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Interaction of surfactants with skin proteins
To interact with the deeper protein - rich regions in a normal corneum,
surfactant molecules must diffuse through the lipid region
[Ananthapadmanabhan et al. 1996]. After binding to the proteins, surfactants
may cause denaturation of the protein, leading to the swelling of SC [Barel,
Paye and Maibach 2009]. Rhein et. al. [1986] investigated swelling of isolated
SC when exposed to various single surfactant solutions and showed that
the swelling was concentration and time dependent up to the critical micelle
concentration (CMC) before leveling off. Ionic interactions between
the anionic head groups and the cationic sites of the proteins are a basic
requirement to induce strong hydrophobic interactions between surfactant
molecule and the protein; interactions will ultimately lead to protein
denaturation [Somasundaran and Hubbard 2006]. Anionic surfactants are able
to solubilize the less soluble proteins such as zein, or can themselves remain
on the skin due to formation of chemical compounds with skin keratin. They
promote the dissolution of the proteins out of the skin, cause release
of sulfhydryl groups from the sclera proteins, react upon various enzymes
of skin and finally denaturize. Nonionic surfactant binds to proteins only
via weak hydrophobic interaction [Gloxhuber and Kunstler 1992].
Interaction of surfactants with the intercellular skin lipids
The highly organized lipid layers located between the cells of SC form
the protective lipid barrier of skin. Surfactants can integrate into lipid bilayers
to disorganize them and alter skin barrier function. Fulmer and Kramer [1986]
studied significant changes in SC lipid composition caused by sodium dodecyl
sulfate, where the distribution of certain ceramide species was found
to be altered. It was shown that low concentrations of surfactant may emulsify
SC lipids and improve permeability, but higher concentrations promote
the formation of micelles in the vehicle that trap the permeant and decrease
permeability [Jantharaprapap and Stagni 2007]. It was found that sodium lauryl
sulfate (SLS) enhances penetration into the skin by increasing the fluidity
of epidermal lipids what may allow SLS molecules to diffuse in all directions.
Once the lipid barrier of skin has been disrupted or weakened, monomers
of surfactant can reach the living part of the epidermis and interact
with keratinocytes and langerhans cells. It was found that short-term treatment
of skin with SLS (0.5% v/v) disorganized the SC, induced maturation
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of langerhans cells, and did not result in epidermis thickening [Huang et al.
2006].
Anionic surfactants. Skin-irritation and damage to skin barrier
is associated with sodium lauryl sulphate (SLS) [Van der Valk et al. 1985].
The reported causes are interaction of SLS with lipids and keratin in the skin
[Robbins and Fernee 1983] and effects on epidermal differentiation [Denda
2001].
Cationic surfactants. Many cationic surfactants have ability to act
as penetration enhancer. Maximum enhancement effect were observed at alkyl
chain lengths of 12 or 14 carbon atoms. Some cationic surfactants are reported
as skin irritants e.g. Benzalconium chloride [Basketter, Marriott and Gilmour
2004]. These compounds are not hopeful as candidates for penetration
enhancement.
Non-ionic surfactants. These are less irritating than ionic surfactants.
Tweens and brij are the most extensively investigated compounds in non-ionic
surfactants [Ashton, Hadgraft and Stevens 1986]. Disc scanning colorimetric
studies revealed that the surfactant interacted with skin to destructure lipids
and thus increase permeability; however the ability of surfactant to influence
skin permeation was dependent on the physicochemical properties
of permeant.
Factors determining the activity of surfactant as a penetration enhancer
Critical micelle concentration
The effects of surfactants on cell membranes can lead to alterations
in permeability. The effects describe an apparent concentration-dependent
biphasic action, such that an increase in membrane permeability occurs at low
surfactant concentrations. However, this decreases at higher concentrations,
generally above the CMC of the surfactant because above the CMC,
the surfactant exists as micelles in the solution and micelles are too large
to penetrate the skin [Scheuplein and Ross 1970]. The structure of micelles
is such that in aqueous solution the monomers are aligned with their
hydrophobic parts towards the centre and their hydrophilic parts outwards
towards the aqueous bulk.
Chain length of carbon atoms
The permeability enhancement also depends on the carbon chain structure
of the enhancer. Maximal enhancement is generally attained for enhancers
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with a carbon chain length in the range of 10-14. This optimal range was found
for anionic, cationic and neutral enhancers [Mitragotri 2000].
Transdermal gradient
The driving force for penetration into the skin is the so called “transdermal
gradient” caused by the difference in water content between the relatively
dehydrated skin surface (approx 20% water) and the aqueous viable epidermis
(close to 100%) [Benson 2005].
Hydrophilicity of surfactant head (Laughlin’s hypothesis)
Surfactants with hydrophilic head groups more effectively enhance
the percutaneous penetration of polar molecules, while those of lesser
hydrophilicity are less effective. This is in agreement with Laughlin’s
hypothesis [Laughlin 1978]. For example, cetyltrimethyl-ammonium bromide
(log Poct < 1) which is more hydrophillic than benzalkonium chloride
(log Poct=1.9) is less effective in enhancing lorazepam skin penetration
[Nokhodchi et al. 2003].
Steric forces
Steric repulsive forces are caused by the reduced conformational freedom
of adsorbed molecules and change in molecule/solvent interactions as two
surfaces are approached. They are present in both surfactant and polymer
systems and increase in magnitude and range with the size of the adsorbed
molecules [McIntosh et al. 1995].
Selected studies
Surfactants are used in most cosmetic formulations as emulsifiers, wetting
agents and solubilizers. However, they have the potential to irritate the skin.
Topical application of surfactants may lead to inflammation induced
by the direct interaction of the surfactants with epidermal keratinocytes.
Moreover, protein denaturation and swelling of the SC may also result
from the interaction of surfactants with keratin [Rhein et al. 1986]. Surfactants
may also deplete intercellular lipids from the SC resulting in the dehydration
of the SC [Imokawa 2004]. Different effects of surfactants on the skin
(inflammation, direct cytotoxic effects, lipid extraction) can impair the skin
barrier function [De Fine Olivarius 1993]. The effect of surfactants on skin
permeation depends on the type and the concentration of the surfactants,
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e.g. the permeation of diazepam across skin was more enhanced by ionic
surfactants than by non-ionic surfactants and the enhancement ratio increased
with an increasing surfactant concentration in the water-propylene glycol
vehicle [Shokri et al. 2001]. Incorporation of nonionic surfactants
(polyoxyethylene nonylphenyl ether) in an aqueous solution reduced the skin
permeation of benzocaine and the flux of benzocaine was inversely related
to the surfactant concentration. This result was attributed to the solubilization
of benzocaine in surfactant micelles as the flux was proportional
to the concentration of free benzocaine (not solubilized in micelles)
in the vehicle [Dalvi and Zatz 1981]. As it was earlier stated, surfactants
exhibit a biphasic concentration effect: the percutaneous absorption is
increased at low surfactant concentrations (below CMC) whereas the
absorption is decreased at higher concentrations (above CMC) [Florence and
Gillan 1975]. This effect can be attributed to two opposing effects of the
surfactants on skin permeation. Surfactants can interact with the skin
disrupting the skin barrier (predominantly at lower concentrations); however,
surfactants can also solubilize the permeant in micelles and therefore
decreasing the thermodynamic activity in the vehicle. This finding is in
agreement with another study investigating the effect of vehicle composition
on the CMC of two non-ionic surfactants (polysorbate 20 and polysorbate 60)
and determining the influence of the concentration of surfactant monomers
(or CMC) on the percutaneous absorption of lidocaine [Sarpotdar and Zatz
1986]. It was found that with a high concentration of propylene glycol
in the vehicle, the CMC increased as well as the permeation of lidocaine.
It is assumed that only the surfactant monomer is capable of penetrating
the skin, changing its barrier resistance. These two examples showed that
the effect of surfactants on permeation does not only depend on the type
and concentration of the surfactant but also on the vehicle.
Surfactants are frequently used as emulsifiers in formulations for dermal
application. They are added in order to solubilize lipophilic compounds within
the formulations. Surfactants have the potential for the solubilization of the SC
lipids and thus act as penetration enhancers. Keratin interactions are also
thought to explain the penetration-enhancing effects of surfactants. Normally,
cationic surfactants are more effective as penetration enhancers than anionic
or nonionic compounds. The potential for skin irritation is connected
with the penetration-enhancing
effects
of the surfactants.
Therefore,
in formulations for dermal application, mostly nonionic surfactants are used,
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which tend to be regarded as more safe. Surfactants with an analogue structure
to the SC bilayer lipids have low skin-irritating potentials, but unfortunatelly
low skin penetration-enhancing effects [Trommer and Neubert 2006]. This
is caused by surfactant monomer integration into the bilayers instead of micelle
formation of the lipids. Among the nonionic surfactants, sucrose fatty acid
esters temporarily alter membrane barrier properties. Additionally, these
compounds show many desired advantages as penetration enhancers,
e.g. biodegradability and lack of toxicity. Sucrose oleate and sucrose laureate
were shown to promote the in vivo percutaneous penetration of the model
permeant 4-hydroxy-benzonitril [Ayala-Bravo et al. 2003]. In study
of Cazares-Delgadillo et al. [2005], the effects of sucrose esters
on the permeation of lidocaine were investigated as a function of vehicle pH.
The results suggest that sucrose laureate enhanced the penetration
of the ionized form of the compound (12-fold greater flux than control),
whereas sucrose oleate was more effective in promoting the nonionic species.
Also the fatty alcohol ethers of polyoxyethylene are frequently used
as nonionic surfactants for the promotion of the skin penetration of therapeutic
substances. Shin et al. [2005] showed the best enhancing effect
of polyoxyethylene-2-oleyl ether for enhanced transdermal delivery from
bioadhesive carbopol gels containing tretinoin, among various enhancers
tested in the study. Polyoxyethylene-2-oleyl ether also showed the best
enhancement among several enhancers tested for the atenolol transdermal drug
delivery from an ethylene vinyl acetate matrix [Cho and Shin 2004]. Another
group of nonionic surfactants which can be used for skin penetration
enhancement are the partial fatty acid esters of sorbitan. Sorbitan monolaurate
20 (Span 20) has been tested as a potential skin penetration enhancer
in transdermal matrix type patches using diclofenac diethylamine as the active
agent. With Span 20, an enhancement of skin permeation of the drug
of up to 30% was measured [Mukherjee et al. 2005].
In general, it seems that anionic surfactants have a more pronounced
penetration enhancement effect than non-ionic [Williams and Barry 2004; Raut
et al. 2014]. Sodium lauryl sulphate (SLS) acts on the horny layer
in a concentration-dependant manner. At 1%, SLS was shown to markedly
disrupt both lipid and protein components of the SC in an at least partially
reversible manner [Barry 1987b]. Barry [1987b] proposed that the surfactant
imbibes water, causing expansion of the intercellular spaces, with subsequent
disruption of the lipid structures. Baby et al. [2006] examined the effect
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of surfactant charge on SC water content. The authors found that anionic
surfactants were able to cause an increase in water content within the SC. Rat
skin, pretreated with SLS (0.5% w/w) was found to reduce the lag time
for cyclosporin A penetration into deeper skin layers, and enhance the amount
of the compound retained in the skin, compared to control. Furthermore,
the surfactant was shown to enhance the amount of drug permeated across rat
skin 2-fold after 12 hours [Liu et al. 2006]. The influence of non-ionic (Tween
80), cationic (benzalkonium chloride and cetyltrimethyl-ammnonium bromide
(CTAB)), and anionic (SLS) surfactants on the penetration of lorazepam across
excised rat skin was studied. The greatest enhancement effect was observed
at 1% for Tween 80 (3.75-fold over control) and benzalkonium chloride (7.66fold over control). Reduction in permeation rate above 1% was attributed
to the formation of surfactant micelles. Incorporation of lorazepam into these
micelles was suggested to reduce the thermodynamic activity of the drug
and decrease drug flux. CTAB and SLS exhibited maximum permeation
enhancing effect at 5% surfactant concentration. However, the authors
proposed that this increase was due to the surfactants damaging the skin
[Nokhodchi et al. 2003].
The effect of surfactant in altering the skin barrier also depends
on the surfactant molecule structure. In a study it was reported that surfactants
having a linear alkyl chain greater than C8 and an ethylene oxide chain length
of less than E14 caused significant increase in the flux of methyl nicotinate
while those having branched or aromatic moieties in the hydrophobic portion
were ineffective [Walters, Walker and Olejnik 1988]. In another interesting
study it was found that double-chained cationic surfactants n-dimethyldialkyl
ammoniums with relatively shorter alkyl chains, which form either vesicles
with looser molecular packing or micelles and appear to be present
as surfactant monomer in higher ratios than those with longer alkyl chains,
favor the interaction with skin [Kitagawa, Kasamaki and Hiyama 2001].
Surfactants with a similar hydrophilic group will show maximum membrane
activity if they possess a decyl or dodecyl alkyl chain. It was reported that
the enhancers containing the ethylene oxide chain length of 2-5, HLB value
of 7-9 and an alkyl chain length of C16-C18 were effective promoters
of ibuprofen flux [Park et al. 2000]. The parabolic relation between
the piroxicam absorption and the polyoxyethylene length of non ionic
surfactant was observed, where polyoxyethylene length from 5 to 15 was found
to enhance percutaneous absorption to a greater extent [Okuyama et al. 1999].
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The
influence
of
polyoxyethylene
chain
(POE)
length
of polyoxyethylenenonphenyl ether on penetration of benzocaine through skin
from the aqueous solution system was studied and it was found that
the maximum flux was obtained by POE(9) followed by POE(12), POE(30),
POE(50) [Dalvi and Zatz 1981]. In the same study sorbitan monooleate (HLB
4.3) and polyoxyethylene n-lauryl ether (HLB 12.8) were found to interact with
the human epidermis in degrees which were dependent on the polarity
of the surfactant. Penetration of lidocaine through human epidermis
by incorporating cationic surfactants of varying alkyl chain length from three
classes: alkyl dimethylbenzyl ammonium halides, alkyl trimethyl ammonium
halides, and alkyl pyridinium halides was studied by Kushla and Zatz [1991],
where peak surfactant enhancement effects were seen at alkyl chain lengths
of 12 or 14 carbons. Of course, the nature of the enhancer head group also
greatly influences cutaneous barrier impairment. Tween 20 (log P oct = 3.72)
which is more hydrophilic than Span 20 (log Poct = 4.26) was found to be less
effective in enhancing 5-fluorouracil skin penetration. Span 20 was found
to affect the intercellular lipids by making them more fluid and enhancing
the diffusivity [Lopez et al. 2000]. It is worth to note that SLS was found
to remove detectable levels of lipids only above its CMC. At high
concentrations the surfactant removed only very small amounts of cholesterol,
free fatty acid, the esters of those materials, and possibly squalene. Below
the CMC, sodium lauryl sulfate irritates the SC [Som, Bhatia and Yasir 2012].
PENETRATION ENHANCEMENT WITH SPECIAL FORMULATION
(DRUG-VEHICLE BASED) APPROACHES
The approaches are mainly based on the usage of colloidal carriers.
Submicron-sized particles are intended to transport entrapped active molecules
into the skin. The carriers include liposomes, transferosomes, ethosomes,
niosomes, nanoemulsions, and solid-lipid nanoparticles [Daniels 2004].
Liposomes are microscopic bilayer vesicles and are usually made
of phospholipids and cholesterol. They can serve as carriers for both polar
as well as nonpolar drugs. The liposomes become trapped within the top layer
of SC cells and interact with skin lipids to release their drug [Barry 2001].
Transferosomes are modified liposomes that possess an increased power
of penetration through the skin. They consist of phospholipids, cholesterol,
and additional surfactant molecules such as sodium cholate. The surfactant
molecules act as “edge activators”, conferring ultradeformability
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on the transferosomes which allows them to squeeze through pores of the SC
that are less than one-tenth of their diameter. Transferosomes have been used
as a carrier for many proteins, immunomodulators and corticosteroids [Singh
et al. 2002]. Ethosomes are liposomes composed mainly of phospholipids,
alcohol in relatively high concentrations, sometimes glycols, and water. They
are capable of enhancing penetration to deep tissues and the systemic
circulation. It is proposed that alcohol fluidizes the ethosomal lipids and SC
intercellular lipids, allowing the soft, flexible ethosome to penetrate the SC.
They provide enhanced skin permeability for various compounds and have
been reported to effectively deliver acyclovir, minoxidil, and testosterone
transdermally [Jajn et al. 2004; Nikalje and Tiwari 2012]. Niosomes
are vesicles composed of nonionic surfactants that have been evaluated
as carriers for a number of drug and cosmetic applications [Vora, Khopada and
Jain 1998].
Another formulation approach aiming to enhance skin penetration
is the preparation of microemulsions. They consist of water, oil, and surfactant
which yields a transparent thermodynamically stable liquid. Properties
of microemulsions include optical transparency, thermodynamic stability,
and solubility of both hydrophobic and hydrophilic components. Penetration
enhancement from microemulsions is mainly due to an increase in drug
concentration which provides a large concentration gradient from the vehicle
to the skin [Schmalfurs, Neubert and Wohlrab 1997]. In the formation
of microemulsion the surfactant may be ionic or non-ionic, which determines
the stabilizing interactions of the hydrophilic end of the surfactant
with the aqueous phase. While a non-ionic surfactant is stabilized by dipole
and hydrogen bond interactions with the hydration layer of water
on its hydrophilic surface, an ionic surfactant is additionally stabilized
by the electrical double layer. Thus, the effect of salt concentration
on the stability of an emulsion or a microemulsion is more profound in the case
of ionic surfactant than non-ionic surfactants. However for cosmetic
applications, ionic surfactants are not preferred due to toxicological concerns
[Strickley 2004]. Non-ionic surfactants in commercially available solubilized
formulations include polyoxyl 35 castor oil (Cremophor EL), polyoxyl 40
hydrogenated castor oil, polysorbate 20 (Tween 20), polysorbate 80 (Tween
80), d-α-tocopherol polyethylene glycol 1000 succinate (TPGS), sorbitan
monooleate (Span 80), polyoxyl 40 stearate, and various polyglycolyzed
glycerides [Narang, Delmarre and Gao 2007]. It is generally accepted that low
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HLB (3-6) surfactants are favoured for the formulation of w/o microemulsion,
whereas surfactants with high HLB (8-18) are preferred for the formation
of o/w microemulsion. Surfactants having HLB greater than 20 often require
the presence of co-surfactants to reduce their effective HLB to a value within
the range required for microemulsion formation [Sarkhejiya 2013].
Nanoemulsions are isotropic dispersed systems of two nonmiscible
liquids. It consists of an oily system dispersed in an aqueous system,
or an aqueous system dispersed in an oily system by forming droplets.
Nanoemulsions are thermodynamically unstable and are susceptible
to incorporate hydrophobic and hydrophilic drugs. They are nontoxic
and nonirritant systems so that they have been utilized in the cosmetic field.
Currently, transdermal nanoemulsion formulations are not developed due
to the stability problems [Divya 2015].
Water as a penetration enhancer
Water is the most natural penetration enhancer. Hydration of the SC is one
of the primary measures to increase the penetration of both hydrophilic
and lipophillic permeants. Free water within the tissue could alter the solubility
of a permeant in the SC and hence, could modify partitioning from
the permeant vehicle into the membrane. Increased skin hydration may swell
and open up the compact structure of the SC, leading to an increase
in penetration [Benson 2005]. It was also suggested that the swollen
corneocytes in the hydrated SC lead to a distortion in the SC‘s mortar-andbrick structure and consequently to new connections [Raut et al. 2014]. These
“pores” could be responsible for the faster permeation of molecules.
CONCLUSIONS
Skin permeation enhancement technology is a new and rapidly developing
field. The search for the ideal skin penetration enhancer has been the focus
of considerable research effort over a number of decades. Although many
potent enhancers have been discovered, in most cases their enhancement
effects are associated with toxicity, therefore limiting their practical
application. Research in this area has proved the use of surfactants
on the enhancement of permeation of various substances through skin.
Majority of studies reported indicate that the chemical structure of surfactants
plays an important role on the permeation enhancement. A better
understanding of the interaction of surfactants with the stratum corneum
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and the development of structure-activity relationships for surfactants will aid
in the design of enhancers with optimal characteristics and minimal toxicity.
Therefore, further studies are needed in the areas of evaluation of skin
permeation enhancement vis-a-vis skin irritation in order to choose
the surfactants which possess optimum enhancement effect with no skin
irritation. A judicious selection of a surfactant as penetration enhancer would
be very helpful in the successful development of topical and transdermal
cosmetic products. The drug-vehicle based approaches of penetration
enhancement technique does not compromise skin barier function
as do chemical penetration enhancement technique and hence it can serve
as the better alternative.
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STRESZCZENIE
Skóra stanowi barierę między naszym ciałem i naszym otoczeniem.
Najbardziej zewnętrzną warstwę skóry stanowi warstwa rogowa, która bardzo
skutecznie ogranicza przenikanie aktywnych składników z preparatów
farmaceutycznych i kosmetycznych. Przy projektowaniu składu preparatu
stosowanego na skórę należy uwzględniać możliwe oddziaływania między
jego składnikami a skórą. Warstwa rogowa wykazuje selektywną
przenikalność i tylko względnie lipofilowe składniki mogą przenikać
do głębszych warstw skóry. Przenikanie substancji przez warstwę rogową
odbywa się wyłącznie na drodze biernej dyfuzji zgodnie z prawem Ficka.
Od wielu lat naukowcy próbują odkryć substancje lub techniki, które pozwolą
na przekroczenie tej bariery i otworzą możliwość oddziaływania na głębsze
warstwy skóry. Wysiłki skupiają się na poznawaniu mikrostruktury skóry
oraz mechanizmów działania promotorów przenikania przezskórnego, w tym
surfaktantów. Surfaktanty są szeroko stosowane w wielu produktach
farmaceutycznych, kosmetycznych i spożywczych, gdzie pełnią rolę
solubilizatorów, detergentów, substancji nawilżających, substancji wiążących,
emulgatorów i zagęszczaczy. Przyjmuje się, że surfaktanty niejonowe
charakteryzują się najniższą toksycznością i właściwościami drażniącymi.
Dlatego są szeroko badane pod względem zastosowania jako promotory
przenikania. Skuteczność surfaktantów jako promotorów przenikania zależy
od wielu czynników, między innymi od funkcjonalnych podstawników,
długości łańcucha węglowego, liczby i położenia wiązań nienasyconych,
właściwości fizykochemicznych kosmetycznie aktywnych składników
preparatu, natury nośników oraz od tego czy surfaktanty stosowane
są pojedynczo czy w formie mieszaniny.
Słowa kluczowe: składnik aktywny, emulsja, przenikanie przezskórne,
promotor przenikania, surfaktant, nośnik
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Abstract: The possibilities of surfactant utilisation have been analyzed
in almost every way. Nevertheless, with the passing of years and technological
progress, preferences, needs and requirements of consumers are changing.
Over the past several years, the interest in the possibility of creating new
surfactants based on natural raw materials has increased. According to popular
belief, surfactants derived from natural sorbents are more easily biodegradable
and often have better properties than conventional surfactants. In addition,
it is now possible to see a fairly widespread tendency for sustainable
production, for instance by the use of renewable, natural raw materials instead
of synthetic ones or petrochemicals. Commercial surfactants are not always
readily biodegradable, and their presence in the environment can sometimes
be detrimental to the environment or to human health. Because natural
surfactants are manufactured from renewable raw materials, they are easy
to extract and clean which can reduce production costs. At the same time,
the production process results in low-toxic products. It is therefore
an increasingly common view that natural, biodegradable and non-toxic
surfactants can present an alternative to modern high-quality synthetic
compounds.
Keywords: sugar-based surfactant, green surfactants, green chemistry
INTRODUCTION
Surfactants are compounds that due to the presence of hydrophilic
and hydrophobic groups are able to remain between the water and lipid phase.
They lower the surface tension of aqueous solutions, as well as interface
tension, which facilitates solid surface wetting by the liquids. They allow
for mixing of two immiscible liquids and form micelles [Salager 2002;
Zieliński 2009; Varga et al. 2012]. All these various characteristics
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of surfactants have resulted in them being applied practically everywhere.
Soaps and detergents are the most well-known surfactants, but these
compounds are widely employed in cosmetics, cosmoceuticals, body care
products, pharmaceuticals, agrochemicals, food products and paints, as well
as in medicine [Hill and Rhode 1999; Salager 2002; Holmberg 2003; Rosen
and Kunjappu 2012]. Oftentimes they also constitute a key element
of industrial processes such as cleaning of semiconductors, oil drilling,
extraction of shale gas and textile processing [Piispanen 2002; Zieliński 2009].
The surfactant industry is developing fast, as the needs of consumers increase
and the quality of end products improves.
Sustainable development is the main driver of innovation and appearance
of new trends. Hence, enterprises develop continuously in order to keep
up with the needs of the market. The value of the global surfactant market
amounted in 2015 to ca. 30.65 billion USD, and its growth rate in the European
Union has been reported as 4.4%. By 2021, the value of the market will reach
36.69 billion USD, only to reach the sum of 45.24 bn USD in 2024 [Market
Report Global Surfactant Market 2016]. Both the utilisation of surfactants
for various end products and the increased visibility of bioactive surfactants
regulate the size and dynamics of the global surfactant market. The demand
is driven by various factors: firstly and foremostly by increased availability
of shale gas, but also by growing interest in ecological substrates
and development of the personal care industry [Market Report Global
Surfactant Market 2016]. Both scientific studies and the market are turning
towards natural, organic and environmentally-friendly products that would
be more efficient and safer, in line with constantly growing number of laws
and regulations. Synthetic surfactants produced nowadays are becoming
an environmental problem. Typically, most of active ingredients
are not biodegradable and may remain in the environment for a long time some of them for up to 70 years. Besides, numerous surfactant heads are toxic
to people and other organisms [Holmberg 2003, 2001; Foley et al. 2012;
Salimon et al. 2012]. Not only functionalities, but also biodegradability
and biocompatibility of surfactants are becoming a very important and in fact
crucial requirement. Greater concern for the environment and consumer
consciousness have led to increased interest in natural surfactants. They
are produced directly from natural animal or plant sources obtained
via extraction, precipitation and distillation [Holmberg 2001; Banno
et al. 2013]. The high cost of manufacturing is one of the reasons
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why investments in natural surfactants are still limited. A good solution
to the problem could be biosurfactants, namely compounds produced
by microbes, extracted from biomass or obtained via biotransformation [Md
2012; Vijayakuma and Saravanan 2015]. The compounds are of different
structure depending on microorganisms, various substrates used
in bioprocesses and the conditions of the fermentation processes [Md 2012].
Polyglycosides,
fatty-acid
esters,
aminoacid-based
surfactants
and polyglycerol esters of fatty acids are also classified as natural surfactants
obtained from natural sources. Such surfactants may only be produced
via amidation, etherification and esterification [Hill and Rhode 1999;
Holmberg 2001; Ruiz 2009; Foley et al. 2012; Banno et al. 2013; Mańko
and Zdziennicka 2015].
GREEN CHEMISTRY – REQUIREMENTS FOR GREEN
SURFACTANTS
The fast economic development aiming at improvement of plant protection
and manufacturing of better commercial products or drugs has also brought
along unintentional harm for the environment. Widely used chemicals
are suspected of causing - or may be directly related to - harmful impact
on human health and the environment. Hence, regulations have been globally
introduced that concern production and elimination of industrial waste
and emissions.
The Environmental Protection Agency (EPA) established in the USA
in 1970 had the task of protecting people's health and the environment, through
introduction and enforcement of environmental laws. EPA's mandate
was taken a step further with the concept of 'Green Chemistry' presented
by Anastas in 1991. Its aim was formulating methods and processes that would
be environmentally friendly [Puchała 2014]. Such methods need to replace
traditional reactions that use organic solvents, require a lot of energy and bring
about undesirable by-products and / or waste. 'Green Chemistry' has opened
a new chapter in the history of chemistry and engineering. Its main purpose
is to design the chemical reactions, processes and end products so that the use
and production of dangerous substances is reduced or eliminated [Höfer
and Bigorra 2007; Lancaster 2016; Green Chemistry Definition 2017]. Anastas
and Warner [2000] described the twelve principles of Green Chemistry
so as to explain how to implement them for chemistry to be compatible with
human health and the environment [Anastas and Eghbali 2009]:
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a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

Prevention
Atom Economy
Less Hazardous Chemical Syntheses
Designing Safer Chemicals
Safer Solvents and Auxiliaries
Design for Energy Efficiency
Use of Renewable Feedstocks
Reduce Derivatives
Catalysis
Design for Degradation
Real-time analysis for Pollution Prevention
Inherently Safer Chemistry for Accident Prevention [12 Principles
of Green Chemistry 2017].
Creation of environmentally-friendly chemicals and end products
is perceived positively by the consumers. The chemical industry is ascribed
the major contribution to environmental pollution. Surfactants, since they
are active ingredients of many products, are produced in enormous amounts
every year. They accompany almost each and every daily activity. After
application, they are washed with water and enter the sewage
or the environment directly. Such large emissions are harmful and affect
the cleanliness of surface waters and soil. The physical characteristics
and toxicity of surfactants are major reasons for their harmful impact
on the environment and living organisms. Products that include surfactants
usually do not undergo fast break down and are difficult to remove
from the sewage systems. The increasing amounts of such substances inhibit
the self-purification of water [Höfer and Bigorra 2007; Perosa and Zecchini
2007; Banno et al. 2013; Lichtfouse et al. 2014; Hanno et al. 2015]. Therefore,
in order to save energy resources and decrease the negative environmental
impact of surfactants, they should be chemically recycled, especially after they
had been used by the industry. Current stand of affairs requires constant search
and development of surfactants that would be easily biodegradable
and recyclable. Renewable energy sources must be used so that the efficiency
of surfactants grows, while consumption levels decrease. According
to the rules of Green Chemistry, the concept of green surfactants should
be based on [Banno et al. 2013]:
1. Renewable resources - biomass
2. High efficiency
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3. Chemical recycling
4. Biodegradation and biocompatibility
5. Environmentally-friendly processes

SUGAR-BASED SURFACTANTS
Surfactants with sugar head groups have resulted from development
of chemical products on the basis of natural and renewable resources. They
stem from continuous search for new, improved surfactants surpassing
the classical compounds [Hill and Rhode 1999; Piispanen 2002]. Additionally,
in the recent years the dominating trend has been aiming at more sustainable
production with utilisation of natural renewables instead of petrochemical
or synthetic resources [Piispanen 2002]. As subject literature indicates, sugarbased surfactants may respond to the needs of contemporary producers
and consumers who want to obtain products from natural resources so that they
are more environmentally-friendly and biodegradable, as well as less toxic
[Hill and Rhode 1999].
This paper characterises selected surfactants containing sugar head
groups. It also describes their main applications in various fields [Michocka
2013]. In contrast to classic surfactants, sugar-based surfactants contain sugar
heads in their structure . The number and range of sugar resources forming
the base for this relatively new group of surfactants is continuously growing.
The main objective behind that would be more environmentally-friendly
production and wider application possibilities [Söderlind et al. 2003]. Sugar
resources that are available and often utilised include [Piispanen 2002; Kjellin
and Johansson 2010]:
 monomeric compounds such as glucose, fructose and sorbitol
(derivative of glucose)
 dimeric compounds such as sucrose and lactose
 polymer compounds, for example starch, cellulose, pectin, chitin,
polysaccharides, dextrins and starch hydrolysates. Additionally,
literature (mainly patents) describe also the use of xylose,
hemicellulose and food processing discards.
All these materials may constitute the polar head of a sugar-based molecule.
The connection between the hydrophilic (sugar) group with the alkyl chain
of appropriate length may result in unique characteristics, sometimes much
different than in the case of classic surfactants [Stubenrauch, 2001].
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Linkages most often introduced between the sugar group
and the hydrophobic group in the structure of sugar-based surfactants
are [Stubenrauch 2001; Piispanen 2002; Ruiz 2009]:
 ether groups
 amine groups
 ester groups
 amide groups
Other encountered connectors are thioether groups, acetals and urethanes.

OH
O
HO

O
HO

O
OH OC

OH

HO
HO

O
OCH 3

a - ether group

b - ester group,

NH

H
N

H2C
OH

O

H 2C
OH

HO

HO

OH

OH

OH

OH

CH2OH

CH2OH

c - amine group,

d - amide group

Fig. 1. Examples of main connectors between the hydrophilic and hydrophobic groups
in the structure of sugar-based surfactants

Figure 1 presents examples of connections between hydrophilic
and hydrophobic groups. The type of chemical bond between the polar
and hydrophobic residues is important in the context of subsequent essential
characteristics of the compounds. On the one hand, the bond should
be chemically stable (hydrolysis and thermally resistant), while on the other
there should be certain freedom as regards the rotation of the bonds. It allows
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for efficient density of surfactant molecules on the solution surface (significant
for the adsorption and surface properties) or in the micellar structure
(significant for emulsifying, washing, cleaning and solubilizing properties).
Ether groups form strong bonds that allow for free rotation of molecule groups
against each other. However, they do not decompose easily in the natural
environment. Amine groups bond well with protons in an acid environment
and thus act as cationic surfactants. Owing to ester, sulfate and phosphate
bonds, surfactants may undergo biodegradation easily, yet sometimes they
are easily hydrolysed during application (e.g. compounds with sulfate groups)
[Piispanen 2002; Kjellin and Johansson 2010]. The amide group forms stable
bonds between the hydrophilic head and the hydrophobic chain. It is resistant
to alkaline hydrolysis and quite resistant to acid hydrolysis processes. Due
to relatively strong and tight bond, the group may increase the crystallization
ability of the surfactant, simultaneously decreasing its solubility in water
[Piispanen 2002].
SURFACTANTS WITH GLYCOSIDIC GROUPS
Available scientific literature (mainly patents) provides information
on surfactants or other compounds with glycosidic groups. Such substances
are usually divided into derivatives of oxygen (O-Alkyl glycosides), of sulphur
(S-Alkyl glycosides) and nitrogen (N-Alkyl aminoglycosides). Until now, only
O-glycosides have achieved practical importance - especially alkyl
polyglucosides which are often used in modern cosmetic formulations.
Anionic surfactants that are chemical modifications of glucosides
include sodium salts, namely:
a. sodium salts of alkyl glucoside carboxylic acids
COO HO
HO

O

OH
O

b. sodium salts of alkyl glucoside sulfates
OSO3HO
HO

O
OH
O
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c. sodium salts of alkyl glucoside orthophosphates
OPO
3

O

HO
HO

OH
O

Cationic surfactants that are chemical modifications of alkyl
polyglucosides include:
a. chlorides or hydrogen sulphates of quaternary ammonium salts
OH

+
N

O

O

HO
HO

OH
O

b. quaternary ammonium salts, derivatives of aminosorbitol
CH2OH
OH
H
H
H
OH
HO

H

OH

R1
N R
+
R2

Non-ionic sugar-based surfactants with glucoside groups include sodium
salts of the following substances:
a. alkyl polyglucosides
HO
HO
HO
HO

OH
HO

O

O
HO
O

O

n
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b. esters of methylglucosides
RCOOCH2
O H

H
H
OH

H
OCH3

HO
H

OH

The equivalents of O-alkyl glucosides containing a nitrogen atom
are surfactants that belong to:
a. esters of N,N-diglucoside of urea
O

RCOOCH2

H

OH

O NH-C-NH

H
H
OH

H

H

OH

H

HO

H
OH H
HOCH2
H O
OH
H

b. N-Alkyl-aminoglucosides
H

CH2OH
O
H
H
OH

H, NHR

HO
H

HO

SURFACTANTS FROM THE N-ALKYL GLYCOSIDE GROUP
The first documented attempt at chemical modification of glucose
via introduction of a nitrogen atom to its glycoside group was conducted
in 1893 already [Lobry de Bruyn and Franchimont 1893; Lobry de Bruyn
1895; Lobry de Bruyn and van Leent 1896]. At that time, Lobry de Bruyn
and his colleagues obtained β-D-glucopyranosylamine via the reaction
of D-glucose with ammonia solution in methanol; the chemical structure
of the product was not known yet, then. In 1913, J.C. Irvine and his colleagues
[Irvine et al. 1913] replaced ammonia with ethylamine in an analogous
reaction, obtaining N-ethylamino-D-glucoside. Further, Votoček and Valentin
[1934] described reactions of glucose, but also of several other
monosaccharides with aliphatic amines with 1 to 7 carbon atoms per molecule.
They also characterised the chemical structure of the products. In 1951,
W. Pigman with colleagues [Pigman et al. 1951] obtained an analogous
derivative of lactose with chain containing 12 carbon atoms, and described
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the synthesis
of
N-dodecyl-[4-O-(β-D-galactopyranosyl)-α,β-Dglucopyranosyl]amine. However, they report was of purely theoretical
chemical importance. The paper did not indicate any potential applicability
of those derivatives in synthesis of surfactants. Only in 1964 were the possible
surfactant properties of such groups reported, by Schneider and Greyer
who obtained several long-chained derivatives of glucose and lactose
[Schneider and Geyer 1964]. However, those compounds were of no practical
use, mostly due to low water solubility and volatility in water solutions,
especially in high temperature conditions. Therefore, for the last 50 years
a procedure has been available that allows for production of materials needed
in manufacturing of surfactants. These materials might be also obtained from
renewable sources. With certain modifications to their structure and production
methodology, new surfactants could be obtained: thermally stable and watersoluble nitrogen analogues of glucosides. Literature reports that reactions
of both D-glucose and D-lactose with aliphatic amines give N-alkyl-α,β-Dglucopyranosylamines and analogous N-alkyl-[4-O-(β-D-galactopyranosyl)α,β-D-glucopyranosyl]amines. In the post-reaction mixtures, the compounds
occur most often as mixtures of α or β anomers, with clear predominance
of β anomers. Setting aside the matter of low water solubility of higher
derivatives, available literature indicates also that N-Alkyl derivatives
of glucose and lactose are both relatively sensitive to hydrolysis, especially
in high temperatures. It has also been observed that long-term heating
of the compounds is accompanied by change in colours of the solution: from
untinted, via yellow, to brown. The change is related to ongoing Amadori
rearrangement, typical for nitrogen derivatives of aldoses. The end products
of the rearrangement are alkyl derivatives of respective aldoseamines.
For instance, in case of N-Alkyl aminoglucoside the product is an N-Alkyl
glucosylamine. Illustration 2 presents schematic Amadori rearrangement
(Yaylayan and Huyghues-Despointes, 1994) with derivatives of glucose
as examples.
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Fig. 2. The mechanism of Amadori rearrangement of products of D-glucose
condensation with aliphatic amines

The Amadori rearrangement initiates a whole chain of reactions, called
Maillard reactions, in the group of N-Alkyl aminoglucosides and mixtures
of glucose or other reducing sugars. The products of these reactions
are the reason for the characteristic taste and smell of various fried, baked
or barbecued foods. Chemically speaking, N-Alkyl glucosylamine obtained
via Amadori rearrangement belongs to the group of 1-alkylamino-1-deoxy-2ketoses. The derived products are very stable.
CONCLUSION
The possibility to replace synthetic, oil-based surfactants with renewable
and natural resources is of global importance. The crucial matter will
be to analyse and resolve issues such as biodegradability, utilisation
of by-products and amount of available biological resources. Hence,
it is a challenge for scientists, chemists and manufacturers to develop
resources and products that fulfill the requirements of green chemistry
production.
Currently, most surfactants are produced with crude oil components,
a non-renewable resource. Therefore, they constantly require new regulations,
laws and control systems, all over the world, due to low biodegradability
and toxicity.
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Substitutes developed and implemented continuously and on a global
scale are an excellent alternative to traditional surfactants. Nowadays, green
surfactants constitute a separate group among all surfactants. Contrastively
to synthetic surfactants, the green ones are easily biodegradable, water-soluble,
and environmentally friendly. Further, they are characterised by low toxicity,
high efficiency and performance, as well as excellent washing and cleaning
properties. In difficult conditions, sugar-based surfactants are more stable
and just as effective as their already well-known counterparts. These excellent
characteristics and features of green surfactants have led manufacturers
of environmentally-friendly consumer products to embrace the concept
of green chemistry.
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STRESZCZENIE
Możliwości zastosowania surfaktantów zostały przeanalizowane już niemal
pod każdym względem. Natomiast nieustannie wraz z upływem lat i postępem
technologicznym zmieniają się preferencje i potrzeby oraz wymagania
konsumentów względem nich. W ciągu ostatnich kilkunastu lat zwiększyło
się zainteresowanie możliwością otrzymywania nowych surfaktantów
opartych na surowcach naturalnych. Według powszechnej opinii surfaktanty
otrzymane z surowców naturalnych są łatwiej biodegradowalne
i charakteryzują się często lepszymi właściwościami niż konwencjonalne
związki powierzchniowo czynne. Ponadto, obecnie można zauważyć dość
rozpowszechnioną tendencję dążenia do zrównoważonej produkcji,
wykorzystania
odnawialnych,
naturalnych
surowców
zamiast
petrochemicznych czy otrzymywanych syntetycznych. Istniejące na rynku
komercyjne surfaktanty nie zawsze są łatwo biodegradowalne, a ich obecność
w środowisku może niekiedy szkodliwie wpływać na środowisku lub zdrowie
człowieka. Ponieważ do otrzymywania surfaktantów „naturalnych”
wykorzystuje się surowce odnawialne, które łatwo można pozyskać
i oczyszczać, co może obniżać koszty produkcji. A jednocześnie czynić
je może niskotoksycznymi. Dlatego coraz częściej rozpowszechniony
jest pogląd, że naturalne, biodegradowalne i nietoksyczne surfaktanty mogą
stanowić alternatywę dla współczesnych wysokie jakości syntetycznych
związków.
Słowa kluczowe: surfaktanty cukrowe, zielone surfaktanty, zielona chemia

82

COMPUTATION OF THE PARTITION COEFFICIENT
OF CATIONIC AND AMPHOTHERIC SURFACTANTS
BETWEEN OCTANOL AND WATER
Ryszard Zieliński
Department of Technology and Instrumental Analysis, Faculty of Commodity Science,
Poznan University of Economics and Business, 61-875 Poznań, Poland
r.zielinski@ue.poznan.pl

Abstract: When the aqueous solution of surfactant monomers is in a direct
contact with a nonpolar solvent then the partition phenomena of surfactant
monomers between water and the nonpolar solvent is observed. The intensity
of such a transfer of surfactant molecules between the two phases depends
mainly on a specific property of the surfactant molecule called
a hydrophobicity.
At present, n-octanol is the most widely used organic solvent to describe
hydrophobicity of organic molecules and it is used for predicting partitioning
of organic compounds between natural organic phases and water. Thus,
the partition coefficient (KO/W) of molecules between n-octanol and water
is also used to describe properties of surfactant molecules. It should be noted,
that experimental determination of log KO/W values is extremely difficult
since in contact with n-octanol phase the process of surfactant accumulation
in the interfacial n-octanol – water region is observed. To overcome this
problem occurring in direct measurement of log KO/W, in the literature one can
find many studies aimed to estimate the value of the log KO/W coefficient
for active substances in the system: n-octanol – water.
In this work we describe the method of log KO/W computation originally
proposed by Leo and Hansch and apply it to various groups of cationic
and amphotheric surfactants. We compare the computed log KO/W values
with the experimental data published in literature. We have found that
the computation method used in this work for several cationic and amphotheric
surfactants leads to the numerical values of the log KO/W coefficient being
in good agreement with the experimental values published in literature.
Keywords: cationic surfactants, zwitterionics, partition coefficient, toxicity

83

INTRODUCTION
Classical surfactant molecules can be regarded as some combination of two
main parts: hydrophilic head and hydrophobic tail. Sometimes those to parts
of surfactant molecules are connected directly or separated by a spacer
[Zieliński 2017]. Hydrophobic part of surfactant usually contains a long
hydrocarbon chain of unbranched or branched structure. It is responsible
for solubility of the whole molecule in nonpolar solvents. In turn,
the surfactant’s head group provides a solubility of the whole molecule
in water or other polar liquids. Surfactants can be divided into few groups
basing on various criterions. The most popular criterion used for such
a classification of surfactants is based on the ability of the surfactant polar head
group to dissociate into ions in aqueous solutions. According to this criterion
all surfactants can be divided into two main groups: nonionics and ionics.
Among the ionic surfactants one can distinguish: anionics, cationics,
zwitterionics, catanionics and mesoionics [Zieliński 2017].
It is known that in aqueous solutions at low concentration surfactant
molecules exist in a monomeric form, while above a certain critical
concentration (CMC) they can form micellar aggregates being in a dynamic
equilibrium with monomers. When the aqueous solution of surfactant
monomers is in a direct contact with a nonpolar solvent then the partition
phenomena of surfactant monomers between water and the nonpolar solvent
is observed. The intensity of such a transfer of surfactant molecules between
the two phases depends mainly on a specific property of the surfactant
molecule called a hydrophobicity.
At present, n-octanol is the most widely used organic solvent to describe
hydrophobicity of organic molecules and it is used for predicting partitioning
of organic compounds between natural organic phases and water. Thus,
the partition coefficient (KO/W) of molecules between n-octanol and water
is also used to describe properties of surfactant molecules. It should be noted,
however, that experimental determination of the partition coefficient (KO/W)
is based on a direct or indirect measurement of the concentration of the tested
substance in the two immiscible phases being in a direct contact at steady state,
that is between the organic phase (n-octanol) and the aqueous phase.
The numerical values of KO/W coefficient determined obtained in such a way
for various compounds, including surfactants, are in a very wide range
of from ca. 10-7 to ca. 109. Therefore, in practice, instead of the KO/W value
the logarithm of the partition coefficient (log KO/W) is used.
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We have to note, that in contact with n-octanol phase the process
of surfactant accumulation in the interfacial n-octanol – water region
is observed. Therefore, to overcome this technical problem occurring in direct
measurement of log KO/W, in the literature, especially that related
to pharmaceutical science, one can find many studies aimed to estimate
the value of the log KO/W coefficient for active substances in the system:
n-octanol – water.
The value of log KO/W is frequently computed assuming that
the numerical value of the log KO/W coefficient for any substance can be treated
as an additive quantity. Nys and Rekker (1974) proposed that for a given
chemical structure the numerical value of the log KO/W coefficient
can be calculated by summing the numerical values ascribed
to the corresponding structural elements of the surfactant molecule.
Table 1 lists values of atoms and groups contributions to the value
of log KO/W coefficient proposed by Nys and Rekker (1974) which can be used
in for estimation the numerical values of the log KO/W coefficient for some
surfactant molecules. Looking for the numerical values of group contributions
listed in Table 1 it should be noted that some of the structural elements
may have different values depending on whether they are directly attached
to aliphatic residues or aromatic residues of a surfactant molecule. A positive
value of the fragmentary constant assigned to the functional group indicates
the contribution of this group in the hydrophobic properties, while a negative
value of the fragmentary constant of the functional group indicates
its participation in the hydrophilic properties of surfactant molecules. In order
to calculate the log KO/W coefficient for surfactants containing fluorocarbon
chains we must first calculate the value of log KO/W coefficient for a surfactant
having a hydrocarbon chain, and then add a correction of 0.18 for each
hydrogen atom present in this hydrocarbon chain which have be replaced
by fluorine atom in a structure of the corresponding fluorosurfactant.
The numerical values of group contributions to the value of the logarithm
of the partition coefficient (log KO/W) for selected polar groups of surfactants
proposed in literature [Leo and Hansch 1979; Hansch and Leo 1987; Hansch
and Leo 1995] and supplemented by some results of the author's research
are given in Table 2.
According to Roberts [2004] for surfactant with a branched hydrophobic
chain, first one have to calculate the value of log KO/W for a compound with
a suitable polar group, which comprises hypothetical straight aliphatic chains
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having the same total number of carbon atoms that exists in the real branched
chain of the surfactant. Then, to the obtained result one have to add a correction
for the position different branch-factor (PDBFj) taking into account
the presence of all "j" branching occurring in the aliphatic chains
of the surfactant molecule. For each type of the “j” branching present
in the branched aliphatic chain of surfactant, the correction can
be approximated by:
PDBF j  1,44  log( S j  1 ) ,

where Sj stands for the number of carbon atoms present in a shorter chain
of the “j” type branching
Table 1. Fragmentary constant values for selected atoms and groups to the value
of the logarithm of the partition coefficient log KO/W developed by Nys and Rekker
(1973)
Aliphatic group

f(X)

Aromatic group

f(X)

-H

0.193

-H

0.193

-CH3

0.890

-CH3

0.702

-CH2-

0.660

-CH2-

0.527

-CH<

0.236

-CH<

0.236

>C<

0.140

>C<

0.140

-CH=CH2-

0.930

-CH=CH2-

0.930

-CH=C<

0.510

-CH=C<

0.510

-O-

-1.536

-O-

-0.458

-OH

-1.440

-OH

-0.374

-COOH

-1.003

-COOH

0.000

-COO-

-1.281

-COO-

-0.400

-CONH-

-2.435 [A]

-CONH-

-1.34 [A]

-CONH2

-1.99

-CONH2

-1.26

-OCONH2

-1.405 [B]

-OCONH2

-0.967 [B]

-OCH2COOH

1.21

-OCH2COOH

-0.609

-NH-

-1.863

-NH-

-0.93

-NH2

-1.38

-NH2

-0.911

-NO2

-1.06

-NO2

-0.089

-CN

-1.13

-CN

-0.20
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-CHO

-0.991 [B]

-CHO

-0.334 [B]

>C=O

-1.69

-CH2-C6H5

2.51 [C]

-C6H5

1.896

-C6H4-

1.732

-C6H3<

1.477

-NC5H4

0.543

Source: A – [Rekker, ter Laak and Mannhold 1993]; B – [Ahmedi and Lanez 2009]; C – [Telez
2009]

Table 2. Numerical values of the group contributions to the value of the logarithm
of the partition coefficient (log KO/W) for selected polar groups of surfactants
Functional group X

f(X)

-SO3-

-5.87

Aromatic-SO3-

-4.53

Aliphatic

-OSO3-

-5.23

Aliphatic -COO-

-5.19

Aliphatic -O- (ether)

-1.82

Aliphatic -COO- (ester)

-1.49

Aliphatic

+

Aliphatic -N

-3.40

Aliphatic-N+ (Cl--)
+

--

-3.34

Aliphatic-N (Br )

-3.20

Aliphatic -OH

-1.64

-CH2CH2-O- (for nonionics)

-0.10

-CH2CH2-O- (for ionics)

-0.25

-CH(CH3)CH2-O- (for nonionics)

-0.10

-CH(CH3)CH2-O- (for ionics)

-0.14

Betaine system

-2.07*

Sulfobetaine system

-2.75*

Note: * authors research

It should be noted, however, that for surfactants with more than one polar
head group one have to add a correction proposed by Roberts and Costello
(2003) that takes into account the interaction between the polar groups present
in the surfactant molecule. Its numerical value depends on the structure
87

of the nature of the polar groups as well as on the length of the spacer located
between the first and second polar group. The numerical value of this
correction is obtained by multiplying the total contribution to the log KO/W
of the two polar groups present in the surfactant molecule by a coefficient
whose value depends on the number of carbon atoms present in the spacer
located between the polar groups of the surfactant molecule. The numerical
value of this coefficient is equal to: -0.42 for one carbon atom, -0.26 for two
carbon atoms and -0.10 for three carbon atoms present in the spacer between
the polar groups of the surfactant molecule. For spacers containing more than
three carbon atoms the introduction of such kind of correction is not necessary
[Roberts and Costello 2003; Roberts 2004].
When the values of fixed fragmentary two polar groups present
in the surfactant structure differ significantly, it is recommended to use
the correction values given in Table 3. These corrections take account
of the interaction between the polar groups present in the molecule, the value
of which depends on the number of carbon atoms separating the groups.
Table 3. Correction values for the calculation of the log K O/W coefficient
for surfactants, taking into account the interaction between two polar head groups
separated by spacers containing different number of carbon atoms between these
groups
Group 1

Group 2

1C

2C

3C

Sulfate
Sulfonate
Sulfonate
Sulfonate
Sulfonate
Sulfonate
Ester
Ether

Ether
Ether
Alcohol
Ester
Amid
Carboxylate
Carboxylate
Ester

1.49
2.71
4.37
1.49
1.37

1.48
1.54
1.43
1.34
1.99
2.71
1.29
0.86

0.61
0.64
0.61
0.58
0.79
1.04
0.55
0.33

MATERIALS AND METHODS
We have performed computation of log KO/W coefficient for 12 cationic
surfactants and 14 amphotheric surfactants. All calculations were performed
using data given in Tables 1-3 by means of Microsoft Excel 2016 spreadsheet.
For a given molecule of surfactant the numerical value of logarithm partition

88

coefficient (log KO/W) in the system: n-octanol – water was calculated using
the following formula:
log K O / W   N i  f i   N j  PDBF j ,
i

j

where: Ni stands for the number of functional groups of the “i” type,
fi is the value of the contribution of the “i” functional group, Nj is the number
of the „j” type branches in the hydrophobic chain of the molecule and PDBF j
is the position-different branch factor of „j” type.
Moreover, we have computed log KO/W values using EPI Suite Program
[KowWin 2012] and compared the results with experimental data available
in literature.
RESULTS AND DISCUSSION
Cationic surfactants
In the case of cationic surfactants Roberts (2004) assumed that in aqueous
solutions the cationic polar group is surrounded by a layer of hydration
consisting of water molecules and that the free energy of interaction of water
of hydration with the alkyl chain of the surfactant molecule is reduced
as a result of interactions of water molecules forming the layer with the
cationic head polar group. Moreover, he also assumed the magnitude of these
effects depends on the distance from the head group. In calculation of log KO/W
this is taken into account by adding the appropriate Fb corrections for all alkyl
chains attached to the cationic polar head group of cationic surfactants.
It is worth noting that the magnitude of this so-called shielding effect decreases
with the increase of distance of a given carbon atom within the alkyl chain
from the center of the polar head group of the cationic surfactant and does not
vary at the distance longer than 5 carbon atoms. The extent of hydration
of the hydrophilic surfactant molecules in a monomeric form which
is substantially consistent with the results of the adiabatic compressibility
measurements of aqueous solutions of alkyltrimethylammonium bromides
[Zieliński et al. 1987].
In order to calculate the value of the coefficient log KO/W for cationic
surfactants it is recommended to use the following rules:
 if the surfactant contains a cationic head group, you must first enter
the contributions of the polar head structure and a counter-ion),
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 then add the contributions of the constituent hydrophobic chain
(or chains),
 add the Fb correction value for the presence of the constituent alkyl
groups (CH3 and CH2). The numerical values of these corrections
depend on the number of bonds (x) describing the distance between the
component of the alkyl chain and the cationic polar head of cationic
surfactant. The corresponding corrections are as follows: F b(x=1) =
-0.90; Fb(x=2) = 0.60; Fb(x=3) = 0.45; Fb(x=4) = -0.35; Fb(x=5) = -0.31;
Fb(x>5) = -0.27;
 for cationic surfactant containing benzalkonium group, in calculation
of the correction value for interaction of benzene ring with ammonium
cation we have to use one the correction that carbon atom
of the aromatic ring (instead of all atoms present in the ring) which
is closest to the positive center of surfactant molecule,
 add corrections for in the unsaturated chains present in hydrophobic
chains of surfactant molecule (-0.55 per each double bond),
 add correction factors for all double bond present in the unsaturated
chains of hydrophobic moieties of the surfactant molecule (contribution
of -0.55 per each double bond).
 finally, we should to add the PDBF corrections for all branches
occurring in the hydrophobic chains of surfactant molecule.
Practical application of the described method is illustrated
by the following examples for calculation of the log KO/W coefficient for two
cationic surfactants: [C12H25NC5H5]+ Br- and [C12H25N(CH3)2-CH2-C6H5]+ Cl Numerical
example
for
dodecylpyridinium
bromide
+
([C12H25NC5H5] Br ):
log KO/W = 1. (-CH3) + 11 . `(-CH2-) + 1. (Nar) + 5. (CHar)
+ 1. (AliphN+ Br-) – 1. (AliphN+) + 3 . Fb(x=1) + 3 . Fb(x=2) + 2 . Fb(x=3)
+ 1 . Fb(x=4) + 1 . Fb(x=5) + 7 . Fb(x>5) = 1 . 0.89 + 11 . 0.66 + 1 . (-1.07)
+ 5 . (0.236) + 1 . (-3.20) - 1 . (-3.40) + 3 . (-0.90) + 3 . (-0.60) + 2 . (-0.45)
+ 1 . (-0.35) + 1 . (-0.30) + 7 . (-0.27) = 0.51.
 Numerical example for benzylhexadecyldimethylammonium chloride
([C16H33N(CH3)2-CH2-C6H5]+ Cl-):
log KO/W = 3. (-CH3) + 15 . `(-CH2-) + 1. (Ph-CH2-) + 1. (AliphN+ Cl-)
+ 4 . Fb(x=1) + 2 . Fb(x=2) + 1 . Fb(x=3) + 1 . Fb(x=4) + 1 . Fb(x=5) + 11.
90

Fb(x>5) = 3 . 0.89 + 15 . 0.66 + 1 . (2.51) + 1 . (-3.34) + 4 . (-0.90) +2 .
(-0.60) + 1 . (-0.45) + 1 . (-0.35) + 1 . (-0.30) + 11 . (-0.27) = 2.86.
Amphotheric surfactants
In literature there is only few works on experimental determination of the log
KO/W coefficient, so some reliable computational procedure is needed. For this
purpose one can adopt the method described above for cationic surfactants
by incorporation some idea proposed by Roberts [Roberts 2004, Roberts
and Costello 2003] for cationic surfactants. Finally our proposition
for estimation the numerical values of log KO/W coefficient for typical
amphotheric surfactants is as follows:
 If the amphoteric surfactant molecule contains fluorocarbon chain
in order to calculate the value of log KO/W coefficient initially treat each
CF3 group as the CH3 group and each CF2 group the CH2 group.
 If the surfactant contains the amphoteric polar head you must first enter
the total contribution of the amphotheric polar head (cation and anion)
and then add the contributions of the hydrophobic chain.
Add the Fb corrections for the -CH3 and -CH2- groups present
in the surfactant molecule. The numerical values of these corrections depend
on the number of the chemical bonds (x) describing the distance between
a given constituent of the alkyl chain and the cationic group of the surfactant
molecule. Here we use the same numerical values of F b corrections as those
proposed by Roberts [Roberts and Costello 2003; Roberts 2004].
 for cationic surfactants. The numerical values of the Fb corrections
are as follows: Fb(x=1) = -0.90; Fb(x=2) = -0.60; Fb(x=3) = -0.45;
Fb(x=4) = -0.35; Fb(x=5) = -0.31; Fb(x>5) = -0.27.
 Add a correction value for the length of a spacer between the cationic
and anionic groups of the amphotheric surfactant. The numerical value
of this correction can be obtained by multiplying the total contribution
of ionic groups forming the amphoteric moiety times -0.42 when the
spacer contains one CH2 group, -0.26 for a spacer containing two CH2
groups and -0.10 for the three CH2 groups present in the spacer.
For longer spacers the introduction of this correction is not necessary
as in the case of cationic surfactants.
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 Add correction factors for all double bonds present in the unsaturated
chains of hydrophobic moieties of the surfactant molecule (contribution
of -0.55 per each double bond).
 Next, we should to add the PDBF corrections for all branches occurring
in the hydrophobic chains of surfactant molecule.
 And finally, for fluorosurfactants one should add correction factors
for all fluorine atoms present in the hydrophobic chain of the molecule
(contribution of 0.18 for each fluorine atom).
Practical application of the described method is illustrated
by the following examples for calculation of the log KO/W coefficient for two
zwitterionic surfactants:
C8H17N+(CH3)2-CH2CH2CH2SO3- and C11H23CONHCH2CH2CH2N+(CH3)2CH2COO Numerical example for dimethyloctylammonium propanesulfonate
(C8H17N+(CH3)2-CH2CH2CH2SO3-):
log KO/W = 3 . (-CH3) + 10 .`(-CH2-) + 1 . (-N+-R-SO3- group) + 1.
correction for (N+-CCC-SO3- system) + 4 . Fb(x=1) + 2 . Fb(x=2) + 2 .
Fb(x=3) + 1 . Fb(x=4) +1 . Fb(x=5) + 3 . Fb(x>5) = 3 . 0.89 + 10 . 0.66 +
1 . (-2.75) + 1 . (-0.10) . (-2.75) + 4 . (-0.90) + 2 . (-0.60) + 2 . (-0.45) +
1 . (-0.35) + 1 . (-0.31) + 3 . (-0.27) + = -0.38.
Table 4. Logarithm of the partition coefficient (log KO/W) for selected cationic
and amphotheric surfactants
Surfactant
Cationic surfactants
[C5H5N+-C12H25] Br–
[C5H5N+-C16H33] Cl–
[C12H25N+(CH3)3] Cl–
[C14H29N+(CH3)3] Cl–
[C16H33N+(CH3)3] Cl–
[C12H25N+(CH3)2-CH2C6H5] Cl–
[C14H29N+(CH3)2-CH2C6H5] Cl–
[C16H33N+(CH3)2-CH2C6H5] Cl–
[(C8H17)2N+(CH3)2] Cl–
[(C10H21) (C8H17 )N+(CH3)2] Cl–
[(C10H21)2N+(CH3)2] Cl–
[C18H37NH+(CH3)2] Cl–
Amphotheric surfactants
C12H25N+(CH3)2-CH2COO–

Experimental

Computed

KowWin

0.44 [A]
1.71 [B]
0.36 [C]
0.70 [C]
1.81 [D]
0.59 [C]
1.67 [C]
2.97 [C]
0.28 [C]
1.54 [C]
2.56 [C]
2.69 [E]

0.51
1.93
0.28
1.06
1.84
0.91
1.69
2.47
0.82
1.60
2.38
2.60

0.84
2.80
0.95
1.22
2.20
2.93
3.91
4.89
2.69
3.68
4.66
3.62

-

2.19

0.47
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C6H13N+(CH3)2-CH2CH2CH2SO3–
-1.22 [F]
-1.16
-2.71
C6H13N+(CH3)2-CH2CH2CH2CH2SO3–
-1.08 [F]
-1.12
-2.22
+
–
C7H15N (CH3)2-CH2CH2CH2SO3
-0.97 [F]
-0.77
-2.22
C7H15N+(CH3)2-CH2CH2CH2CH2SO3–
-0.79 [F]
-0.73
-1.73
C8H17N+(CH3)2-CH2CH2SO3–
-0.06 [F]
-0.15
-2.22
+
–
C8H17N (CH3)2-CH2CH2CH2SO3
-0.35 [F]
-0.38
-1.73
C8H17N+(CH3)2-CH2CH2CH2CH2SO3–
-0.29 [F]
-0.34
-1.24
C10H21N+(CH3)2-CH2CH2CH2SO3–
0.57 [F]
0.41
-0.74
C12H25N+(CH3)2-CH2CH2CH2SO3–
1.19
0.24
+
–
C12H25N (CH3)2-CH2CH(OH)CH2SO3
-0.41
-1.30
C11H23CONHCH2CH2CH2N+(CH3)2-CH2COO–
1.52
0.69
Source: A – [Hansch and Leo 1987], B – [Moschner and Cece 1995] , C – [Hansch and Leo
1995] , D – [Ying 2006] , E – [Tolls and Sijm 1995], F – [Short et al. 2010]

– Numerical example for cocamidopropyl betaine
(C11H23CONHCH2CH2CH2N+(CH3)2-CH2COO–):
log KO/W = 3 . (-CH3) + 14 .`(-CH2-) + 1 . (-CONH-) + 1 . (-N+-R-COO- group)
+ 1 . correction for (-CH3) + 10 . correction for (-CH2-) + 4 . Fb(x=1) + 1 .
Fb(x=2) + 1 . Fb(x=3) + 1. correction for (N+-C-COO - system) = 3 . 0.89 +
14 . 0.66 + 1 . (-2.435) + 1 . (-2.07) + 1 . (-0.90) + 10 . (-0.12) + 4 . (-0.90) + 1
.
(-0.60) + 1 . (-0.45) + 1 . (-0.42) . (-2.07) = 1.52.
Results of our computation of log KO/W values for selected cationic
and amphotheric surfactants are shown in Table 4. In the second column of list
table 4 we list some experimental values of log KO/W coefficient published
in literature and compare them with numerical values of log KO/W obtained
by means of two computational methods for various cationic and amphotheric
surfactants. The numerical values of log KO/W coefficient listed in column 3
were obtained by means of the method described in this work while those given
in column 4 are results of computations carried out using KowWin program
[KowWin 2012].
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4,0

3,0

2,0

Computed

1,0

0,0
-3,0

-2,0

-1,0

0,0

1,0

2,0

3,0

4,0

-1,0

-2,0

-3,0

Experimental

Fig. 1. Comparison of experimental log K O/W values for several cationic (open
symbols) and amphotheric (filled symbols) surfactants and those computed using
the numerical procedure described in this work

Figure 1 shows a graphical comparison of available in literature
experimental data of log KO/W for 12 cationic surfactants and 14 amphotheric
surfactants and those computed using the numerical procedure described in this
work.
A can be seen in Figure 1 almost all experimental data and the computed
data for various both cationic and amphotheric surfactants are located near
the diagonal line of the plot with the slope close to unity (0.9852).
The determination coefficient for this set of the data is 0.9596 indicating that
the computational procedure described in this work gives numerical results
being in quite good agreement with available experimental values of the log
KO/W. This, in principle, allows also for estimation the toxicity of these groups
of surfactants. Since both experimental and computed values of log KO/W
for amphotheric surfactants are lower than those for cationic surfactants one
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can conclude that, in general, cationic surfactants are more toxic and also
probably more harmful to the environment than amphotheric ones.
CONCLUSION
In this work we describe the computation method originally proposed by Leo
and Hansch (1979) and apply it to various groups of cationic and amphotheric
surfactants. We compare the computed results with the experimental data
published in literature. We have found that the computation method used
in this work for several cationic and amphotheric surfactants leads to the
numerical values of the log KO/W coefficient being in good agreement with
the experimental values published in literature.
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STRESZCZENIE
Gdy wodny roztwór monomerów surfaktantów znajduje się w bezpośrednim
kontakcie z niepolarnym rozpuszczalnikiem, wówczas obserwuje się zjawisko
przenoszenia monomerów surfaktantów pomiędzy wodę i niepolarny
rozpuszczalnik. Intensywność takiego transferu cząsteczek surfaktantu między
dwiema fazami zależy głównie od właściwości surfaktantu nazywanej
hydrofobowością.
Obecnie,
n-oktanol
jest
najpowszechniej
stosowanym
rozpuszczalnikiem organicznym do opisu hydrofobowości cząsteczek
organicznych i jest używany do przewidywania podziału związków
organicznych pomiędzy fazę organiczną i wodę. Stąd, współczynnik podziału
(KO/W) cząsteczek między n-oktanol i wodę stosuje się również do opisu
właściwości cząsteczek. Należy zauważyć, że doświadczalne określenie
wartości log KO W jest bardzo trudne, ponieważ w kontakcie z fazą n-oktanolu
obserwuje się proces gromadzenia surfaktantu granicy faz n-oktanol - woda.
Aby rozwiązać ten problem pojawiający podczas bezpośredniego pomiaru
log Ko/w, w literaturze można znaleźć wiele prac mających na celu
oszacowanie wartości współczynnika log KO/W w układzie: n-oktanol - woda
w odniesieniu do surfaktantów.
W niniejszej pracy opisano metodę obliczeń współczynnika KO/W
pierwotnie proponowaną przez Leo i Hanscha i zastosowano ją do różnych
grup surfaktantów kationowych i amfoterycznych. Porównano wyniki
obliczone z danymi eksperymentalnymi opublikowanymi w literaturze.
Stwierdzono, że metoda obliczeniowa stosowana w tej pracy dla kilku
kationowych i amfoterycznych surfaktantów prowadzi do liczbowych wartości
współczynnika log KO/W będących w dobrej zgodności z wartościami
doświadczalnymi opublikowanymi w literaturze.
Słowa kluczowe: surfaktanty kationowe,
współczynnik podziału, toksyczność

surfaktanty

amfoteryczne,
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Abstract: Toxicity of organic pollutants is experimentally described by means
of EC50 value determined using some aqueous organisms such as Daphnia
magma. It is usually expressed as pEC50 index, where p denotes the negative
logarithm. Toxicity of organic compounds in aqueous environment
is frequently described in terms of their lipophilicity expressed by means
of the computed values of the logarithm n-octanol-water partition coefficient
(log KO/W).
In this work we study the effect of the chemical structure of several
anionic surfactants on their toxicity against organisms living in aquatic
environment which is expressed by means of some published in literature
experimental values of pEC50. We try to correlate the experimental pEC50
data with both computed log KO/W values and topological Wiener’s number
(WN) calculated for tested surfactants using both linear and root square
function of WN. All computations were performed for several sodium salts
of linear alkylbenzene sulfonates as well as various structural isomers
of sodium salts of sulfonated alkyl esters of various fatty acids.
We have empirically found a good correlation between experimental
and computed values of pEC50 for Daphnia magma in aqueous solutions
of sodium salts of 21 sulfonated alkyl esters of fatty acids having various
structures of both acidic and alcoholic parts of the molecules. The resulting
correlation equation obtained by means of the least squares method using
Solver add-in incorporated in MS Excel 2016 spreadsheet is as follows:
pEC50 = 0.0688 . WN1/2 + 0.4366 . log KO/W
Keywords: anionic surfactants, partition coefficient, topological index,
toxicity
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INTRODUCTION
Surface active agents (known also as surfactants) are amphiphilic chemical
structures consisting of two parts: hydrophilic head and hydrophobic tail.
The hydrophobic part of the surfactant molecule is responsible for solubility
of the whole molecule in nonpolar systems. It usually contains a long
hydrocarbon chain of unbranched or branched structure. In turn, the head group
provides a solubility of surfactant molecule in water or other polar liquids.
Based on the ability of the polar head groups to dissociate into ions all
surfactants can be divided into two main groups: nonionics and ionics. Among
a group of ionic surfactants one can distinguish: anionics, cationics,
zwitterionics, catanionics and mesoionics [Zieliński 2017].
Some legislation systems like Registration, Evaluation Authorisation
and Restriction of Chemicals (REACH) require a prediction of the fate
and potential harmful effect of surfactants in the aqueous environment Such
kind of successful prediction some information on hydrophobicity
of surfactants is needed.
Recently, the hydrophobicity of surfactants molecules is one of the most
popular properties which is frequently used to describe the relationship
between the chemical structure and the physicochemical properties
and biological activity of surfactants. The most commonly used indicator
of toxicity of surfactant molecules is the partition coefficient (KO/W) between
two immiscible phases: n-octanol and water. This solvent system has been
widely accepted as a model system and it is used in medicinal chemistry
and toxicology [Leo, Hansch and Elkin 1971, Leo and Hansch 1979, Hansch
and Leo 1987, Hansch and Leo 1995] for evaluation of the hydrophobicity
and the toxicity of various organic substances. In medicinal chemistry,
especially in pharmacy, the numerical value of the KO/W coefficient is routinely
used to estimate both oral [Lipinski et al. 1997] and skin [Edwards and Price
2010] bioavailability of drug candidates. It should be noted, however that also
ecotoxicologists use the numerical values of log KO/W coefficient in order
to model acute and chronic toxicity to aqueous species [Cronin and Mark 2006;
Kaiser and Esterby 2006] and potential for bioaccumulation [Bintein, Devillers
and Karcher 1993].
The numerical value of the partition coefficient (KO/W) is usually
determined experimentally. In such a case the determination of the KO/W
is based on a direct or indirect measurement of the concentration of the tested
substance in the two immiscible phases being in a direct contact at steady state,
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that is between the organic phase (n-octanol) and the aqueous phase.
According to available in literature information the experimental values
of KO/W coefficient determined in such a way for various compounds
are in a very wide range of from ca. 10-7 to ca. 109. Therefore, in practice,
instead of the KO/W value the logarithm of the partition coefficient (log KO/W)
is commonly used. The numerical value of KO/W is usually obtained by means
of the slow stirring used in Organization for Economic Co-operation
and Development Test No. 123 [OECD 123, 2006]. Another method
is the shake-flask method which is recommended by Organization
for Economic Co-operation and Development Test No. 117 [OECD 117,
1995].
Toxicity is experimentally described by means of EC50 value
determined using some aqueous organisms such as Daphnia magma.
It is usually expressed as pEC50 index, where p denotes the negative
logarithm. Toxicity of organic compounds is frequently described in terms
of their lipophilicity. That in turn is often described by means of the logarithm
of the partition coefficient (log KO/W). In a number of works published
in literature one can find some empirical correlations between pEC50
and log KO/W which usually follow a linear relationship such as that presented
in Figure 1 for few sodium salts of various sulfonated alkyl esters of fatty acids.
The experimental pEC50 data for Daphnia magma in the presence of aqueous
solutions of several linear sodium alkyl esters of fatty acids sulfonates
presented in Figure 1 were taken from Hodges et al. [2006] paper. Generally
toxicity test with Daphnia magma were performer in Standard Reference Water
according to the UNE-EN ISO 6341 guideline. It should be noted, however, that

the regression equation given in Figure 1 is slightly different than that given
above by Hodges et al. [2006].
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Fig. 1. Relationship between pEC50 for Daphnia magma and logarithm
of the octanol-water partition coefficient (log KO/W) for sodium salts of various
sulfonated alkyl esters of fatty acids

The small discrepancy in the value of the slope and that in the ordinate
of the plot is probably due to the fact that all numerical values of log KO/W
for surfactants described in this paper were computed according
to the procedure described in details in the recently published book
on structure, properties and applications of surfactants [Zieliński 2017].
The observed linear relationship between pEC50 and log KO/W suggests
that at least in the case of tested surfactants their toxicity seems to be related
to the lipophilic properties for surfactants expressed by the numerical value
of log KO/W. It should be noted, however, that in several cases different
experimental values of pEC50 given in Figure 1 correspond to the same values
of log KO/W. We have found that this is the case of various structural isomers
of surfactants having the same chemical groups but different chemical
structure. In our previous works [Zieliński 2015a, Zieliński 2015b] we have
used topological indices (such as Wiener number) to describe the effect
of the changes in the structure of various surfactants on their physicochemical
properties such as critical micelle concentration or viscosity of the solutions.
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Also in the case of surfactants a very similar relationships were
published. For example, for anionic surfactants we can find several empirical
correlations published by Hodges et al. (2006) for linear sodium alkylbenzene
sulfonates:
pEC50 = 0.77 log KO/W + 2.47
and by Hodges et al. (2006) for linear sodium alkyl esters of fatty acids
sulfonates:
pEC50 = 0.78 log KO/W + 1.37
It is known that the numerical value of log KO/W for surfactants having
the same total number of carbon atoms is the same. Therefore, as can be seen
in Figure 1 application of a such very simple linear relationship between
pEC50 and log KO/W for surfactants having the same total number of carbon
atoms leads to the unacceptable situation that several surfactants having
the same total number of carbon atoms exhibit various values of pEC50.
In this work we study the effect of the chemical structure of several
anionic surfactants on their toxicity against organisms living in aquatic
environment which is expressed by means of some published in literature
experimental values of pEC50. In order to improve the relationship between
experimental pEC50 and log KO/W we try to introduce the concept
of topological index using Wiener’s number (WN) as a topological indicator
of the differences in the chemical structure of various isomers of tested anionic
surfactants. Finally, we correlate the observed values of pEC50 and both
log KO/W and WN in order to get more reliable description of the toxicity
of the tested surfactants against organisms living in aquatic environment.
MATERIALS AND METHODS
Generally toxicity test with Daphnia magma were performer in Standard Reference
Water according to the UNE-EN ISO 6341 guideline were taken from Hodges et al.
[2006]. We have performed computation of log KO/W and Wiener’s number

for linear sodium alkylbenzene sulfonates with alkyl chains having 9 to 14
carbon atoms and sodium salts of various sulfonated alkyl esters of fatty acids
having 9 to 16 carbon atoms in the acid moiety and 1 to 7 carbon atoms
in the alcohol moiety of the esters. The obtained relationship is presented
in Figure 2.
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Fig. 2. Relationship between log KO/W and Wiener’s number for several linear sodium
alkylbenzene sulfonates

RESULTS AND DISCUSSION
In this work we study the effect of the chemical structure of several surfactants
of their toxicity expressed by means of published in literature experimental
values of pEC50. We try to correlate the experimental pEC50 data with both
log KO/W and topological Wiener’s number (WN) calculated for tested
surfactants using both linear and root square function of WN.
In order to test the applicability of Wiener number (WN) in description
of log KO/W for surfactants we have computed for several linear sodium
alkylbenzene sulfonates presented in Figure 2. The observed approximately
linear relationship indicates that such a topological index (WN) can
approximately describe effect of changes in the structure of surfactants on their
hydrophobicity as long as they have the same polar head group. Since
sometimes the correlation between physicochemical properties and WN
are much better if the properties are plotted as a function of WN
to the fractional power. We have found that if we put the root square of WN
(instead of WN) on the ordinate axis the resulting relationship is much better
approximated by linear equation. Such a relationship between log KO/W
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and WN1/2 for several linear sodium alkylbenzene sulfonates can be seen
in Figure 3.
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Fig. 3. Relationship between log K O/W and the root square of Wiener/s number
for several linear sodium alkylbenzene sulfonates
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Fig. 4. Relationship between pEC50 for Daphnia magma and the root square
of Wiener/s number for several linear sodium alkylbenzene sulfonates
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A very similar linear relationship between pEC50 and WN1/2 for several
linear sodium alkylbenzene sulfonates can be observed in Figure 4.
Detailed analysis of the experimental toxicity data (pEC50) for Daphnia
magma in aqueous solutions of sodium salts of alkyl esters of sulfonated
laurylic acid indicates that the data for the ethyl ester published in the paper
of Hodges et al. (2006) does not follow a straight line, presumable due to some
experimental error. Therefore, in the following part of this paper for this
surfactant we will use the extrapolated value of the pEC50 as can be seen
in Figure 5.
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Fig. 5. Relationship between pEC50 for Daphnia magma and the alkyl chain length
of the alcohol moiety in sodium salts of alkyl esters of sulfonated lauric acid
Note: The data of pEC50 for the ethyl ester is estimated.

Figure 6 shows the relationship between the experimental values
of pEC50 for Daphnia magma and Wiener’s number (WN) for sodium salts
of various sulfonated alkyl esters of fatty acids containing 12 carbon atoms
in the surfactant molecule. As can be seen in Figure 6 the obtained relationship
can be represented as a straight line indicating that the topological index
defined as the Wiener’s number can be used as a good theoretical descriptor
of the changes in the chemical structure of the surfactant molecule and that this
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parameter can be successfully applied for prediction of the toxicological effect
of this group of surfactants as long as various sulfonated alkyl esters of fatty
acids with constant total number of carbon atoms in the molecule
are considered.
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Fig. 6. Relationship between pEC50 for Daphnia magma and Wiener’s number
for sodium salts of various sulfonated alkyl esters of fatty acids containing 12 carbon
atoms in the molecule

Figure 7 shows the relationship between the experimental values
of pEC50 for Daphnia magma and Wiener’s number (WN) for sodium salts
sodium salts of various sulfonated alkyl esters of fatty acids (including also
those presented in Figure 6.
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Fig. 7. Relationship between pEC50 for Daphnia magma and Wiener’s number
for sodium salts of various sulfonated alkyl esters of fatty acids

As can be seen in Figure 7 the obtained relationship can be represented
as a straight line indicating that the topological index defined as the Wiener’s
number can be used as a good theoretical descriptor of the changes
in the chemical structure of the surfactant molecule. Nevertheless, continuing
our trials to improve correlation between the available data for the tested
anionic surfactants including various isomeric forms we plot the same pEC50
data against WN1/2 and the resulting relationship is given in Figure 8. In this
case we have also included the numerical data presented in Figure 6. As can
be seen in Figure 8, in this case the value of the Pearson’s correlation
coefficient (or determination coefficient) is even higher if the experimental
pEC50 data for Daphnia magma are plotted as a function of the root square
of the Wiener’s number.
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Fig. 8. Relationship between pEC50 for Daphnia magma and the root square
of Wiener’s number for sodium salts of various sulfonated alkyl esters of fatty acids

Table 1 contains some toxicological characteristics of several anionic
surfactants based on alkyl esters of sulfonated fatty acids. The structure of the
surfactants presented in Table 1 is noted in the following form: “m-n”, where
m stands for the number of carbon atoms corresponding acid excluding the
-carbon atom and the ester COO group while n describes the total number
of carbon atoms present in the alkyl chain of the corresponding alcohol moiety
of the ester of sulfonated fatty acid having in total m+2 carbon atoms. Thus,
prefixes “sec” and “izo” used in Table 1 indicate that the alcohol moiety
of the ester is based on the secondary alcohol or izo-alcohol, respectively.
Table 1. Toxicological characteristics of several anionic surfactants based on alkyl
esters of sulfonated fatty acids
Surfactant

WN

log KO/W (calc)

pEC50 (exp)

pEC50 (calc)

5-7

1120

2.76

3.372

3.51

6-6

1104

2.76

3.263

3.49

6-sec6

1045

2.33

2.916

3.24

7-5

1087

2.76

3.372

3.47

108

7-sec5

1054

2.33

3.087

3.25

8-4

1108

2.76

3.288

3.49

8-iso4

1060

2.33

3.342

3.26

8-sec4

1076

2.33

3.176

3.27

9-3

1128

2.76

3.439

3.52

10-1

1021

2.22

3.354

3.17

10-2

1160

2.76

3.342
3.61*

3.55

10-4

1502

3.84

4.350

4.34

10-sec4

1466

3.41

3.998

4.12

10-5

1694

4.38

4.713

4.75

11-1

1204

2.76

3.906

3.59

12-1

1408

3.30

4.607

4.02

12-2

1578

3.84

4.651

4.41

12-izo3

1750

3.95

4.678

4.60

12-4

1988

4.92

5.018

5.21

12-5

2217

5.46

5.488

5.63

14-1

1883

4,38

5.123

4.90

* - estimated (see text)

The resulting correlation equation obtained by means of the least squares
method using Solver add-in incorporated in MS Excel 2016 spreadsheet
is as follows:
pEC50 = 0.0688 . WN1/2 + 0.4366 . log KO/W
The values of pEC50 data given in Table 1 were calculated on the base
of experimental data published by Hodges et al. (2006) for 48 hours
observation of Daphnia magma in aqueous solutions in the presence of various
concentrations of tested anionic surfactants based on various alkyl esters
of sulfonated fatty acids.
Figure 9 shows the relationship between experimental values of pEC50
and those computed by means of the correlation equation described in this
work. The correlation holds pEC50 values for Daphnia magma determined
in aqueous solutions of sodium salts of 21 sulfonated alkyl esters of fatty acids
having various structure of both acid and alcohol part of the molecules.
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Fig. 9. Comparison of experimental and computed pEC50 values for Daphnia magma
for aqueous solutions of sodium salts of sulfonated alkyl esters of fatty acids

A relatively high value of the determination coefficient (r 2 = 0.9114)
obtained for the relationship shown in Figure 9 clearly indicates a practical
usefulness of application of the topological component such as Wiener’s
number (WN) in a description of aquatic toxicity of these surfactants. It should
be noted, however, that the numerical value of Wiener’s number has a slightly
weaker effect on the value of observed pEC50 than the lyophilicity
of the surfactant expressed by means of log KO/W coefficient.
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STRESZCZENIE
Toksyczność zanieczyszczeń organicznych jest opisywana poprzez wartość
EC50 wyznaczoną przy użyciu wybranych organizmów wodnych takich
jak rozwielitka (Daphnia magma). Wynik zazwyczaj podaje się jako wskaźnik
pEC50, gdzie p oznacza ujemny logarytm dziesiętny. Toksyczność związków
organicznych w środowisku wodnym jest często opisywana w odniesieniu
do ich lipofilowości wyrażonej za pomocą obliczonych wartości logarytmu
współczynnika podziału pomiędzy n-oktanol i wodę (log KO/W).
W niniejszej pracy badany jest wpływ budowy chemicznej różnych
anionowych surfaktantów na ich toksyczność w stosunku do organizmów
żyjących w środowisku wodnym, które są wyrażane za pomocą niektórych
opublikowanych w literaturze doświadczalnych wartości pEC50. Próbowano
skorelować doświadczalne wartości pEC50 zarówno z obliczanymi
wartościami log KO/W jak i wskaźnika topologicznego Wienera (WN)
dla badanych surfaktantów stosując zarówno liniową jak i pierwiastkową
funkcję WN. Obliczenia przeprowadzono dla kilku soli sodowych liniowych
alkilobenzenosulfonianów oraz dla różnych izomerów strukturalnych soli
sodowych sulfonowanych estrów alkilowych różnych kwasów tłuszczowych.
Znaleziono dobrą empiryczną korelację pomiędzy doświadczalnymi
i obliczonymi wartościami pEC50 dla Daphnia magma w wodnych
roztworach dla soli sodowych 21 sulfonowanych estrów alkilowych kwasów
tłuszczowych mających w części cząsteczek różne struktury zarówno kwasu i
alkoholu. Stosując metodę najmniejszych kwadratów z wykorzystaniem
dodatku Solver włączonego do arkusza MS Excel 2016 otrzymano następujące
równanie:
pEC50 = 0.0688 . WN1/2 + 0.4366 . log KO/W
Słowa kluczowe: anionowe surfaktanty, współczynnik podziału, indeks
topologiczny, toksyczność

112

EFFECT OF PALMITOYL HEXAPEPTIDE-12
ON THE USABLE PROPERTIES OF COSMETIC
EMULSIONS
Maciej Krajewski1, Anna Jastrzębska2, Dominik Czerwonka2,
Anna Serafin1, Jerzy Żuchowski2
1

Department of Chemistry, Faculty of Materials Science and Design,
University of Technology and Humanities in Radom, 26-600 Radom, Poland
2
Department of Commodity Science and Quality Sciences, Faculty of Economics and Legal
Sciences, University of Technology and Humanities in Radom, 26-600 Radom, Poland
j.zuchowski@uthrad.pl

Abstract: In the paper the application of a signal peptide in cosmetic
emulsions was analyzed. Due to their specific properties, peptides are used
as biologically active compounds in anti-age cosmetics. Signal peptides, also
called stimulants, have the ability to stimulate cells for the synthesis
of collagen and elastin. They also stimulate the growth of dermal fibroblasts
and thus improve the appearance of wrinkles caused by skin aging.
The influence of the selected signal peptide on the performance
of cosmetic emulsions was investigated. An o/w emulsion formulation,
containing a classical emulsifying system based on nonionic surfactants
and a peptide additive: palmitoyl hexapeptide-12 was proposed. The tests were
carried out for 5 samples differing in concentration of the additive (0, 1, 2, 4
and 6 wt%). The product stability, rheological properties and sensory
properties relevant from the application point of view were studied.
The research proved that the emulsion system used was compatible
with the protein component introduced. The emulsion stability was satisfactory
for all the samples but better parameters were obtained for samples at higher
peptide concentrations. It was also shown that the increase in the concentration
of the peptide additive resulted in an increase in the viscosity of the emulsion.
The sensory parameters tested for emulsions containing less than 6%
of the active ingredient remained high, but they were significantly lower
in the case of an emulsion containing 6% of the peptide.
Keywords: anti age cosmetic, emulsion, peptides, usable properties
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INTRODUCTION
Peptides are very important ingredients of cosmetic products particularly anti-aging cosmetics [Lintner and Peschard 2000; Draelos 2007; Zhang
and Falla 2009; Kerscher and Buntrock 2011] There are three main groups
of peptides: signal peptides, carrier peptides and neurotransmitter-affecting
peptides. Depending on the group they belong to, peptides exhibit different
mechanisms of interaction with the skin. Signal peptides are able to increase
collagen synthesis, or alternatively, inhibit the breakdown of collagen
by collagenase. Carrier peptides act by delivering trace elements required
for enzymatic processes. Neurotransmitter-affecting peptides group includes
peptides mimicking the effects of botulinum neurotoxins [Noguhi and Djerassi
2007; Fields et al. 2009].
Palmitoyl hexapeptide-12 (Fig.1) [Gottschalck and Breslawec 2012]
is a signal peptide which affects fibroblasts by increasing their number
or collagen production and inhibiting further collagen hydrolysis. This action
is effective -that is halts or slows down the aging process it is known that aged
skin is characterized by reduced levels of collagen and elastin [Kamoun
et al.1995; Robinson et al. 2005; Gorouhi and Maibach 2009; Abu Samah
and Heard 2011].

Fig. 1. Structural formula of palmitoyl hexapeptide-12 [Gottschalck and Breslawec
2012]

The aim of this work was analyse the influence of palmitoyl
hexapeptide-12 on the performance (usable properties) of cosmetic emulsions.
MATERIALS AND METHODS
Materials
The subject of the study were cosmetic emulsions containing in their
composition the peptide: palmitoyl hexapeptide-12. A commercially available
raw material, Biopeptide EL ™, was used. Cosmetic emulsions that differed
only in the concentration of the peptide-containing raw material were prepared.
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There were 6 emulsions containing 0, 1, 2, 4 and 6 % wt. Biopeptide EL ™.
The formulation of the cosmetic emulsion tested is shown in Table 1.
Table 1. Formulation of the cosmetic emulsion tested (source: own research)
INCI Name

Composition [wt. % ]
PHASE “A”

Ethylhexyl Hydroxystearate

5.0

Absorption base

2.0

Caprylic/Capric Triglyceride

1.0

Ceteareth-12

1.0

Cetearyl Alcohol

8.0

Ceteareth-20

2.0

Glyceryl Stearate

0.5
PHASE “B”

Glycerin

3.0

Sorbitol
Aqua

to 100
PHASE “C”

Biopeptide el (TM)

0–6

Preservative
Perfume

0.5

Method of preparation of samples
Oil phase components (A) were combined and heated to 75-80 °C. In a separate
vessel, the aqueous phase components (B) were combined and warmed
to 75-80 °C. The molten and hot oil phase components were poured into the hot
water phase under continuous stirring. The homogenization process
was the next stage. The two phases combined, with continuous gentle stirring,
were cooled to 40 °C, in which the C-component was added. The mixture
was cooled to room temperature with constant stirring.
Methods
Stability of formulations
The stability tests of the form of the emulsions were based on the Standard
BN-64/6140-02. Evaluation of the stability consisted of visual observation
115

of samples placed alternately in reduced (4oC) and elevated (40oC) temperature
for 14 days (samples were transferred every 24 hours from refrigerator
to incubator and vice versa). Possible changes in the consistency
and appearance of the samples are presented in descriptive form in section .
The emulsion resistance to external factors was evaluated via centrifuge
test, which allowed to assess the stability of the emulsion via measurement
of the centrifugal force.
The tests were performed on a Harmann MPW-2 centrifuge at 3000 rpm
in 30 minutes. After the tests were completed, a visual assessment
of the preparations was made.
Dynamic viscosity
Dynamic viscosity measurements were made using the Brookfield DV-I +
viscometer. The viscosity measurement was performed by a rotating
measuring tip called a spindle that was immersed in the test liquid. The tests
were carried out at 20 oC, with a spindle speed of 10 rpm.
Degree of hydration of the skin stratum corneum (corneal layer)
Measurement of the degree of hydration of the corneal layer was done using
a corneometer from Courage+Khazaka Electronic GmbH on 15 healthy
probants. Samples of emulsions were applied to the inner part of the forearm
in the 4x4 cm area. The reference point was the surface of the skin uncovered.
5 measurements were made for each of the probes 60 min after application
to the skin. The measurement was carried out under conditions of constant
humidity and constant temperature (22°C). The average results
of humidification of the horn skin layer are presented in arbitrary units [a.u.].
The humidity of the skin corneal layer (SH) was calculated as follows:
SH = X –Y [a.u.]
where:
X – average value of the degree of hydration of the skin stratum corneum
for the test product,
Y – average value of the degree of moisturisation of the corneal layer
of the skin for the reference (area without application of the preparation).
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Sensory research
Sensory studies were conducted on the basis of the procedures described
in [Lukic et al. 2012; Moussour et al. 2106]. The following criteria were taken
into consideration: consistency, homogeneity, cussion effect, adhesion,
spreadability, stickiness, greasiness, absorption, smoothing. The results
of the study are presented in the form of sensory profiles.
RESULTS AND DISCUSSION
Determination of the stability of the form ofthe formulations prepared
was performed by their visual assessment. None of the formulations exhibited
typical emulsion instability (coalescence, emulsion breaking, inversion,
flocculation, creaming, sedimentation). The results of the stability assessment
at elevated and reduced temperature were found satisfactory for all
the formulations tested.
The centrifuge tests also confirmed the stability of all the emulsions.
None of the samples was decomposed into phases by centrifugal force.
The viscosity of the emulsion vs. the peptide concentration in the sample
is shown in Figure 2. In the concentration range of 0-4 wt% the viscosities
of emulsions are comparable, a significant increase in this parameter was noted
for the emulsion containing 6% of the peptide.
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Fig. 2. Viscosity of emulsion vs. peptide concentration (source: own research)
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The degree of hydration of the skin after application of the emulsion
tested is shown in Figure 3.
After application of the base emulsion, the skin hydration increased by 6
units, as compared to the control area. The addition of the peptide influenced
further increase of humidification of the corneal layer from 9 units in the case
of an emulsion containing 1% protein to 26 units for an emulsion containing
6% protein.
30
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Fig. 3. Hydration level of the skin (SH) surface (Stratum corneum) after emulsion
application (source: own research)

The results of the sensory analysis are presented in Figure 4.
The evaluation included parameters related to various sensory criteria:
appearance (consistency, homogeneity), application (stickiness, greasiness,
cushion effect, adhesion, spreadability), post-application sensation
(absorption, smoothing).
The appearance of the emulsion, both consistency and homogeneity,
were found adequate: 4-5 points on a 5 point scale regardless of the protein
content of the emulsion. Adhesion and spreadability were also appreciated.
On the other hand, in the case of the cushion effect, the increase in protein
content to 6% resulted in a decrease of the score to 3 points. The stickiness
and greasiness were clearly lowered but there was no clear association
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with peptide content. Feelings after application (absorption and smoothing)
were rated high.
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Fig. 4. Sensory parameters of the tested emulsion

CONCLUSIONS
All the prepared emulsions containing the palmitoyl hexapeptide-12 showed
satisfactory application properties. The peptide used in the emulsion
is compatible with other emulsion components and can be successfully applied
as an additive to anti-aging creams. The use of higher concentrations of peptide
results in lower sensory parameters of the emulsions due to consistency
and spreadability. In this case, a lighter emulsion base with a lower oil content
should be introduced.
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STRESZCZENIE
W artykule analizowano zastosowanie peptydu z grupy peptydów
sygnałowych emulsjach kosmetycznych. Z uwagi na charakterystyczne
właściwości, peptydy są używane jako związki biologicznie aktywne
w kosmetykach przeznaczonych do pielęgnacji cery dojrzałej. Peptydy
sygnałowe, inaczej nazywane stymulującymi posiadają zdolność pobudzania
komórek do syntezy kolagenu i elastyny oraz wzrostu fibroblastów skóry
właściwej, a co za tym idzie poprawę kliniczną zmarszczek i bruzd powstałych
w procesie starzenia sie skóry.
W artykule badano wpływ wybranego peptydu sygnałowego
na właściwości użytkowe emulsji kosmetycznych. Zaproponowano recepturę
emulsji typu O/W, z klasycznym układem emulgującym opartym
na niejonowych związkach powierzchniowo czynnych oraz dodatkiem
peptydu: palmitoilo heksapeptydu-12. Badania prowadzono dla 5 próbek
różniących się stężeniem dodatku aktywnego (0, 1, 2, 4 i 6 % wag.). Badano
stabilność formy produktu, właściwości reologiczne oraz właściwości
sensoryczne istotne z punktu widzenia aplikacyjnego.
Przeprowadzone badania wykazały, że zastosowany układ emulsyjny
był kompatybilny z wprowadzanym składnikiem białkowym. Stabilność
emulsji uzyskano na zadowalającym poziomie, dla wszystkich próbek,
niemniej lepsze parametry uzyskano dla próbek o wyższym stężeniu peptydu.
Wykazano również, że wzrost stężenia dodatku peptydowego powoduje
wzrost lepkości emulsji. Parametry sensoryczne badane w przypadku emulsji
zawierających poniżej 6 % substancji aktywnej utrzymywały się na wysokim
poziomie, natomiast dosyć istonie uległy obniżeniu w przypadku emulsji
zawierającej 6% peptydu.
Słowa kluczowe: kosmetyki
właściwości użytkowe

przeciwstarzeniowe,

emulsja,

peptydy,
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Abstract: The present study is an attempt to assess the effect of talc
on the properties of washing baths containing sodium soaps. Three aqueous
soap solutions with varying contents of the mineral were prepared to reproduce
the washing baths. The solutions thus prepared were analyzed to determine
their physicochemical properties including foaming ability, turbidity
and stability. They were also assessed for safety in use. To this end,
measurements were performed to determine the zein number (ZN) which
defines the irritant potential of the samples under study.
The use of talc in the model washing baths was found to have a beneficial
effect on reducing the negative impact of the washing process through
a decrease in the irritant potential. The zein number (ZN) in the sample with
the highest talc content fell by more than 8% compared to the solution which
did not contain a hydrophobic additive. The content of the mineral failed
to demonstrate a significant impact on the foaming ability of the soap
solutions, and differences in foam volume between the samples were minimal.
The addition of talc was shown to have a major effect on the turbidity
and stability of the mixtures. The talc-enriched solutions demonstrated
a significant increase in turbidity compared to the baseline solution. The model
washing baths did not exhibit a significant instability until 5-10 minutes after
bath preparation. Taking into consideration the fact that a bath involves
mechanical action, the observed signs of instability are unlikely to have
a significant effect on the washing process.
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The study shows that the addition of hydrophobic talc has a beneficial
effect on reducing the negative effects of the washing process, which
is extremely important for the safety in use of personal hygiene products.
In contrast, the impact of the additive on the studied functionality-related
parameters of the washing baths was found to be minor, which warrants
the conclusion that talc may be a valuable ingredient of washing formulations.
Keywords: toilet soaps, talc, safety, irritant potential, body wash cosmetics,
quality of cosmetics
INTRODUCTION
Toilet soaps represent one of the most popular groups of body wash cosmetics.
They are cosmetic products designed for maintaining personal hygiene.
The formulations of products of this type are mainly based on soaps (75-85%).
They are anionic surfactants which, in chemical terms, are usually sodium
or potassium salts of higher fatty acids. They are obtained via alkaline
hydrolysis of triglyceride-containing fats. The process of hydrolysis generates
glycerin as a by-product. Soaps as materials for industrial applications can
be produced from pure fats or fatty acid mixtures [Mitsui 1998; Butler 2000].
In addition, the formulation includes a variety of additives such as moisturizing
and lubricating agents, fillers, fragrances, colouring agents, sequestrants
and preservatives.
To meet growing consumer demands, toilet soaps should demonstrate
a high degree of quality. Aspects involved in ensuring these products of this
type have an appropriate quality can be explored on the basis of product
functionality and safety in use.
Consumers expect that toilet soaps deliver optimum washing
performance and good foaming properties. On the other hand, a high level
of fat emulsification ability and alkaline pH resulting from soap application
may lead to skin irritation and dryness. The observed negative effects
associated with product use result from interactions of the washing bath with
the skin [Broze 1999; Cassiday 2016].
In currently marketed toilet soaps, a high level of safety in use in terms
of impact on the skin is achieved by employing a variety of additives.
The presence of glycerin, a compound with skin moisturizing properties,
in the product is usually due the fact that glycerin is not entirely removed
at the synthesis stage in the process of soap production. Nevertheless, glycerin
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is assumed to have a beneficial effect on the condition of the skin after
the washing process. However, in order to markedly increase the safety
of using body wash cosmetics, a recommended strategy is to enrich
formulations with hydrophobic substances [Wasilewski and Klimaszewska
2007]. In toilet soaps, the most common additives are lanolin, vaseline, waxes,
silicones and glycerol esters. Aside from reducing the irritant effect,
the addition of hydrophobic compounds may also affect the functional
properties of cosmetics. Therefore, when designing product composition
it is vital to select ingredients which ensure an appropriately high level
of safety in use and, at the same time, have no significant effect on the basic
parameters related to functionality [Wasilewski and Klimaszewska 2007;
Jackson et al. 2014; Cassiday 2016].
An interesting alternative to substances which are currently used
for the purpose of reducing the irritant effect of toilet soaps can be talc
[Arseguel 2000].
Talc is a mineral occurring in nature, composed of hydrated magnesium
silicate with the chemical formula Mg3Si4O10(OH)2. In the cosmetic industry,
the best grades of white talc, without admixtures of other minerals, are used.
For cosmetic applications, the mineral is crushed, purified, dried and then
ground up. Talc shows high levels of chemical and microbiological purity.
It is subjected to micronization, and reduced in size to approximately 50 μm
[Bolesławski et al. 1994]. In traditional bar soaps, talc is used as a filler
and a material lowering the cost of the finished product. Furthermore, it is used
as a brightening agent (a substance providing white colour). Chemically
neutral, it has no adverse effects on the properties of the finished product,
and is harmless to the skin. Another beneficial aspect of using the mineral
in solid soaps is its ability to stabilize foam and improve sensory parameters
during product application. A patent application filed by Arseguel points
to the possibility of improving the safety in use of body wash cosmetics
through the addition of talc. However, there are no data describing the effect
of the content of the mineral on the properties of washing formulations,
and the mechanisms of its action [Mehmood and Arseguel 2000].
In discussions about the application of talc in the production of toilet soaps
and the effect of the mineral on the quality of the finished product
it was assumed that a key factor in the consumer’s assessment would
be anempirical demonstration of the impact of talc on the product
as an aqueous solution rather than in the solid (bar) form. The purpose
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is to demonstrate the properties of the washing bath which is in direct contact
with the user’s skin. The present study is focused on analyzing 1% aqueous
solutions of talc-containing sodium soap. Three systems, differing only
in the content of talc, were examined.
The samples prepared for the study were analyzed in detail to assess their
safety and functionality. Based on zein number determination, the irritant
potential of the samples was assessed. Other studied parameters included
the foaming ability of the washing bath, and its turbidity and stability over
time.
MATERIALS AND METHODS
Materials
The model washing bath based on sodium soap which was prepared
for the study contained the following ingredients:
 Sodium Palmate and Sodium Palm Kernalate. The material used
was Palmosalt N3020 from KLK Oleo.
 Talc. The study was conducted using Mondana HT 35 from
MondoMinerals B.V., with the specific surface area of 6 m2/g.
 Preservative. Benzyl Alcohol (anhydrous benzyl alcohol) from Sigma
was used.
 Aqua. Distilled water was used as the basic ingredient of model
washing baths and as a solvent.
Methods
Determination of irritant potential – zein value (ZV)
Irritant potential of the products was measured using zein test.
In the surfactants solution zein protein is denatured and then is solubilised
in the solution. This process simulates the behavior of surfactants in relation
to the skin proteins [Götte 1964; Fischer 1982; Pezron 1996].
To 40 mL of soap solution (1 % wt.) was added 2±0,05 g of zein from
corn. The solutions with zein was shaken on a shaker with water bath (60 min.
at 350C). The solutions were filtered on Whatman No. 1 filters and then
centrifuged at 5000 rpm for 10 minutes. The nitrogen content in the solutions
was determined by Kjeldahl method. 1 mL of the filtrate was mineralized
in a sulfuric acid (98%) containing copper sulphatepenthahydrate
and potassium sulphate. After mineralisation the solution was transferred (with
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50 mL of MiliQ water) into the flask of the Wagner–Parnas apparatus. 20 mL
of sodium hydroxide (25 wt. %) was added. The released ammonia
was distilled with steam. Then the ammonia was bound by sulfuric acid (5 mL
of 0.1 N H2SO4) in the receiver of the Wagner – Parnas apparatus.
The unbound sulfuric acid was titrated with 0.1 N sodium hydroxide. Tashiro
solution was used as an indicator. The zein number (ZN) was calculated from
the equation:
ZN=(10-V1 )∙100∙0.7 [mg N/100 mL]
where V1 is the volume (cm3) of sodium hydroxide used for titration
of the sample. The final result was the arithmetic mean of three independent
measurements.
Evaluation of the Foaming Properties
The method of measurement was in line with Polish Standard PN-EN
1272.The experiments were carried out as follows: 100 cm3 of a 1% aqueous
solution of the studied soap solution was poured into a glass cylinder. Then,
the foam was whipped (time of whipping, 60 s; number of full hits, 60) using
a perforated disk placed on a metal bar. The volume of the foam formed
was read out after 10 s. The ability to form foam was analyzed as the volume
of the foam formed registered 10 s after its creation. The final result
was the arithmetic mean of three independent measurements.
Determination of turbidity
The test was performed using a turbidity analyzer (turbidimeter) HACH 2100
AN. Solutions of soap was transferred to the cuvette which was then placed
in the measuring chamber of turbidimeter. The results were evaluated after
their stabilization. The final result was the arithmetic mean of three
independent measurements.
Stability assessment
The stability of the systems was assessed using a method which is based
on measuring the relationship between the intensity of light emitted
by the source and the intensity of light reaching the detector. The assessment
was performed using a Turbiscan Lab Expert analyzer. The light source used
in the equipment is an electroluminescent diode emitting a focused nearinfrared light beam with a wavelength of 880 nm. Measurements performed
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with the instrument rely on the phenomenon of multiple light scattering [Syrek
et al. 2010; Sęk et al. 2012].
Stability tests were conducted at 40°C. The analyzer scanned the samples
every 15 seconds for a total of 15 minutes in order to examine changes taking
place during a sample washing bath. A capped vial containing a test product
sample was placed in a cylindrical measurement cell. The head of the analyzer
scanned the sample at a height of 40 mm, acquiring the transmitted
and backscattered light every 40 µm. Based on charts obtained in the tests,
the stability of the baths under study was assessed.
The stability of the samples was evaluated and compared using
the Turbiscan Stability Index (TSI). The parameter groups together
all individual measurements performed in the course of the study. The
resulting TSI values take into account all forms of destabilization which may
potentially occur in the test samples, such as changes in particle size, particle
migration, coalescence, flocculation, sedimentation and creaming.
COMPOSITION OF MODEL WASHING BATHS
In order to determine the effect of talc on the quality of toilet soaps, three model
washing baths were designed, differing in the content of talc. Their
compositions are listed in Table 1.
Table 1. Model washing baths
Component (INCI name)

Concentration [wt %]
D0

Sodium Palmate (and)
Sodium Palm Kernalate.
Talc

D0,1

D0,2

0,1

0,2

1
-

Preservative

0,2

Aqua

Do 100

Sodium Palmate and Sodium Palm Kernalate soap was dissolved
in an appropriate amount of water heated to 80°C. The solution was stirred
using a magnetic stirrer until completely clear. Next, talc was weighed
in quantities specified in the formulation and added to the solution while
stirring to produce a homogeneous system. After cooling the solution to room
temperature, a preservative was added. The total sample preparation time
was 20 minutes, and the rotational speed of the stirrer was 400 RPM.
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The solutions obtained according to the preparation method outlined above
were set aside for deaeration and subjected to further tests after mild stirring.
RESULTS AND DISCUSSION
Assessment of irritant potential on the basis of Zein Number (ZN)
determination
The safety in use of toilet soap bars in terms of their impact on the skin is one
of the key factors considered by consumers in their evaluation of product
quality. Crucially, soap should not exhibit an excessive irritant effect
on the skin. The study assessed the impact of the addition of talc on the values
of the zein number which are a basis for estimating the irritant activity of soaps.
The test results are shown in Fig. 1.
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Fig. 1. Zein number (ZN) values determined for the solutions of sodium soaps
with and without talc

ZN results obtained for the model washing baths under study were
in the range of 372– 405mgN/100 ml. The highest ZN value was recorded
for the talc-free formulation: the result was 405 units. In all other systems,
however, a decrease in zein number was observed. The highest drop in ZN,
amounting to over 8% compared to the talc-free formulation, was noted
for the D0.2 sample. The results show that the addition of talc to soap solutions
contributes to reducing their potential to cause skin irritation.
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In terms of their chemical structure, soaps are classified as anionic
surfactants. In aqueous solutions they occur as ordered structures – micelles,
and as individual molecules – monomers. The literature data reveal that
the main factor responsible for the adverse effect of surfactants on the skin
is the presence of monomers in the washing bath. Such individual molecules
are able to interact relatively easily with proteins found in the skin, causing
their denaturation, solubilization and washing off the surface. The processes
listed above may lead to disorders of epidermal exfoliation, maturation
of proteins and lipids forming the epidermis, and impairment of the skin barrier
functions. The skin feels excessively dry and rough to the touch, and local
inflammatory lesions are observed [Rhein et al. 1986; Rhein and Simion 1991;
Moore, Puvvada and Blankschtein 2003; Walters et al. 2008, 2012; Jackson
et al. 2014]. An important factor in the solutions under study is that
the incorporation of a hydrophobic phase (talc) into a surfactant solution (soap)
results in the formation of an “additional” interface (between the hydrophobic
and hydrophilic phases), where soap molecules can accumulate. The process
has an effect on reducing free surfactant molecules present in the system.
As a result, the concentration of monomers in the washing bath is decreased,
and the irritant activity of the solution becomes reduced [Wasilewski, Seweryn
and Krajewski 2016].
Foaming ability
Consumers tend to associate foam with high washing ability. Foam is also
thought to improve the aesthetic qualities of a bath. In actual fact, the foaming
ability of washing formulations is a property which does not have a major
impact on their detergent action [Sułek 2010]. Toilet soaps are expected
to have a relatively high foaming ability, however a high foam stability index
is unnecessary, as the product is washed off the surface relatively quickly.
Foaming ability tests were carried out for three sodium soap solutions.
The results are shown in Fig. 2.
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Fig. 2. Relationship between foam volume and content of talc in the washing bath

The test results give rise to the conclusion that the addition of talc
to the washing bath produces no significant effect on the foaming ability
of the solutions. Differences in the volume of foam obtained in different
washing baths do not exceed 5%, and are hence within the limits
of measurement error.
Turbidity
The results of turbidity measurements performed for the model washing baths
at room temperature (22°C) and at a temperature close to the actual bath
temperature (42°C) are shown in Fig. 3.
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Fig. 3. Relationship between turbidity and content of talc in sodium soap solutions
at different temperatures
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The turbidity of the solutions under study displayed a large variation.
The turbidity of the samples was found to increase noticeably along with
an increase in the content of talc in the solution. The temperature
of the solutions was also shown to play a very important role. The samples
heated to 42°C demonstrated considerably lower turbidity values. The finding
can be attributed to the clarification of the soap solutions (an increase
in temperature contributes to a marked increase in the solubility of anionic
surfactants) [Friedman at al. 1996; Williams and Schmitt 1996; Mitsui 1998;
Butler 2000].
Following the addition of 0.1 wt% of talc to the washing bath at room
temperature, the turbidity of the bath increased by 46%, and at the temperature
of 42°C, the turbidity increase was as much as 78%. The bath containing 0.2%
of talc (D0.2) demonstrated a turbidity level which exceeded the measuring
range of the instrument (>1,000 NTU). Incorporating a hydrophobic substance
(in this case talc) into model washing baths usually results in the formation
of a cloudy dispersion which may be identified by consumers with an emulsion
or a balm, i.e. forms that are usually associated with an increased level of safety
in use of body wash cosmetics [Wasilewski 2015].

TSI

Stability tests
The stability test results obtained for the model washing baths are shown in Fig
4(a-c).

time

A (D0)
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Fig. 4 (a-c). Changes in the stability of solutions imitating the washing bath, occurring
over a period of 15 minutes (with measurements performed every 30 s): a – talc-free
solution, b – solution containing 0.1% of talc, c – solution containing 0.2% of talc

The results demonstrated the baseline solution (D0) to be stable
in the course of the 15-minute measurement. The deviation seen in the chart
may be due to the cooling of the sample during the test. The stability
of the other two solutions, containing 0.1 and 0.2 wt.% of talc, was inferior
to that of the baseline solution. Over 15 minutes, the solutions were affected
by changes taking place in the volume phase. However, it is important to note
that the washing process involves an ongoing supply of mechanical energy.
The washing bath is not prone to destabilization, as long as it is in constant
motion. Assuming that the period when the bath is not supplied
with mechanical energy is about 2 minutes, there will not be many changes
taking place in the volume phase of the bath. The TSI is below 0.6 units after
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a two-minute measurement, so the changes occurring in the solutions
are not noticeable.
CONCLUSIONS
The present study was an attempt to determine the effect of talc on the quality
of toilet soaps. To this end, soap solutions containing specified amounts of talc
were prepared and tested to assess a set of parameters related to functionality
(stability, turbidity, foaming ability) and safety in use (zein number
determination). The study produced a number of findings including:
 The addition of talc to soap solutions has an effect on reducing their
irritant potential. The following correlation was found: the higher
the concentration of the mineral, the lower the result obtained
for the studied parameter, and hence the lower its irritant potential.
 Talc was not shown to have a significant impact on the foaming ability
of the soap solutions. The finding can be viewed as a favourable
feature, since the majority of hydrophobic additives used in body wash
cosmetics decrease the foaming properties.
 The addition of talc to the formulation affected the turbidity values
obtained for the solutions. In the baseline solution (D0), turbidity
was observed in the visual evaluation, and the solution itself could
be described as iridescent. The talc-enriched solutions had higher
turbidity values compared to the baseline solution. In the visual
evaluation they appeared as heterogeneous systems, white in colour.
 The model washing baths containing 0.1 wt.% and 0.2 wt.% of talc
proved to be unstable, but only 15 minutes after the withdrawal
of mechanical energy in the form of stirring. Crucially, however, there
are no noticeable changes in stability over a period of two minutes
which is assumed to correspond to the time when, during use,
the washing bath may be motionless.
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STRESZCZENIE
W niniejszej pracy podjęto próbę określenia wpływu talku na właściwości
kąpieli myjących zawierających mydła sodowe. Sporządzono 3 wodne
roztwory mydeł z różną zawartością minerału, odzwierciedlające kąpiele
myjące. Wykonane roztwory przebadano pod kątem właściwości
fizykochemicznych tj. zdolność pianotwórcza, mętność oraz stabilność.
Zbadano je również w kontekście bezpieczeństwa ich stosowania. W tym celu
dokonano pomiaru wartości liczby zeinowej (LZ), która określa potencjał
drażniący badanych próbek.
Stwierdzono, że zastosowanie talku w modelowych kąpielach myjących
pozytywnie wpływa na obniżenie negatywnych skutków procesu mycia
obniżając ich potencjał drażniący. Wartość liczby zeinowej (LZ) w przypadku
próbki z najwyższą zawartością talku spada w o ponad 8% w porównaniu
do roztworu niezawierającego hydrofobowego dodatku. Zawartość minerału
nie wykazuje znacznego wpływu na zdolność pianotwórczą roztworów mydeł
a różnice w objętości piany między próbkami są minimalne. Dodatek talku
wywiera duży wpływ na mętność oraz stabilność mieszanin. Roztwory
zawierające w swoim składzie talk wykazały znaczny wzrost zmętnienia
w porównaniu do roztworu bazowego. Modelowe kąpiele myjące wykazały
znaczącą niestabilność dopiero po około 5-10 minutach od wytworzenia
kąpieli. Biorąc pod uwagę działania mechaniczne wykonywane podczas
kąpieli, obserwowane objawy niestabilności nie będą wykazywały znaczącego
wpływu na proces mycia.
Z badań wynika, iż dodatek hydrofobowego talku pozytywnie wpływa
na niwelowanie negatywnych skutków procesu mycia, co jest niezwykle
istotne z punktu bezpieczeństwa stosowania kosmetyków do higieny. Z kolei,
wpływ dodatku na badane parametry kąpieli związane z funkcjonalnością
jest nieznaczny. Pozwala to na stwierdzenie, talk może stanowić wartościowy
składnik preparatów myjących.
Słowa kluczowe: mydła toaletowe, talk, bezpieczeństwo, potencjał drażniący,
kosmetyki myjące, jakość kosmetyków
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Abstract: Cosmetic market include usually five main business segments:
skincare, haircare, color (make-up), fragrances and toiletries. However it can
also be divided into skincare, haircare, make-up, perfumes, toiletries &
deodorants and oral cosmetics. Over the past few years, the structure and size
of revenue have changed. In 2015 the Europe incomes of cosmetics reached
80,973 million USD, while Polish market revenue reached in the same year
3,739 million USD. One of the most important and extensively investigated
segment of skincare market is soaps and liquid soaps. Soap is considered
to be the oldest cosmetic product and also nowadays pays and important role
in daily life. For generations hands cleanliness has been considered
as a measure of personal hygiene. Therefore the very important element
in the daily life is to maintain proper hygiene of the skin all over body,
especially hands. That's why basic purpose of the soap is to remove the dirt,
however modern personal care products should also have different properties.
One of the modification of soaps involves addition of ingredients exhibiting
properties e.g. nourishing or antimicrobial. The main aim of this work
was to determine the surface and antibacterial activity of developed model
liquid soaps and assessment of the impact of amphoteric surfactant
(sulfobetaine) on these properties. Results obtained showed that addition
of sulfobetaine type surfactant effect the surface and antimicrobial properties.
Key words: liquid soap, sulfobetaine, antimicrobial properties, surface
properties
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INTRODUCTION
According to the regulation the European Parliament on cosmetic products
cosmetic product is defined “…any substance or mixture intended to be placed
in contact with the external parts of the human body (epidermis, hair system,
nails, lips and external genital organs) or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or mainly to cleaning
them, perfuming them, changing their appearance, protecting them, keeping
them in good condition or correcting body odours….” [Regulation (EC)
No 1223, 2009].
Growing awareness about the looks and skin quality, together with the
rising purchasing power of people worldwide, are factors at the forefront
of driving demand in the global skincare market. Cosmetic composition
and formulation are becoming increasingly complex. Cosmetic ingredients
become more sophisticated and functional.
A recent noticeable trend in the global skincare market is the increasing
use of online platforms to reach out to a wider consumer base. Another major
trend observed in the global skincare market is the growth of popularity
of organic skin products and decline in synthetically derived chemicals.
Geographically, North America and Europe dominate the global skincare
market with maximum share [http://www.transparencymarketresearch.com
2017].
Market reports often divide cosmetic products into two groups:
cosmetics and personal care. The Cosmetics and Personal Care market
is defined by beauty, care and personal hygiene products. The statistic
in Fig. 1 depicts the breakdown of the cosmetic market worldwide from 2011
to 2015, by product category. In 2015, skincare products made up 36.1%
of the global cosmetic market. Second place is taken by haircare products.
Further places are occupied by make-up products, perfumes, toiletries
and deodorants and oral cosmetics respectively.
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Fig. 1. Breakdown of the cosmetic market worldwide from 2011 to 2015, by product
category
Source: [https://www.statista.com 2017]

Revenue in the European Cosmetics and Personal Care market which
includes: decorative cosmetics (makeup, lipsticks, eyeshadow etc.), skincare
products, personal hygiene products (shower and bath products, deodorants,
shaving products etc.), haircare and styling products, perfume and eau
de toilettes amounts to 81.783 billion USD in 2016 [https://www.statista.com,
2017]. Over the last few years there has been an insignificant increase
in the revenue of this branch, however between 2014 and 2015 almost 2%
growth was observed. Between years 2010 and 2016 3.88 billion USD growth
was noted. In the world most of income is generated in the United States.
Cosmetics and Personal Care market volume in USA reached 65.61 billion
USD which USA points this country as the world leader. In Europe discussed
market leader is Germany with the revenue of 15.28 billion USD, then United
Kingdom with 14.1 billion USD income and France. Polish revenue from
the sale of cosmetics and personal care products was in 2010 at the level
of 3.37 billion USD. In 2016 there was an increase to the value of 3.54 billion
USD.
There is no mention of soap being used to wash the body, but a clay
called sapo which was found near Rome and used for general cleaning. From
this clay the word soap comes. Pliny the Elder mentions that the Phoenicians
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were making soap from goat tallow and causticized beech ashes in 600 BC.
Salt was added to make a hard soap. Later, wood ashes were replaced
by seaweed and kelp; an industry grew up in Germany and the seaports of Italy
and was then introduced into France and Spain, and thence into England
in the ninth century [Butler and Poucher 2000].
According to Roman legends, ritual sacred rituals took place at Mount
Sapo during which animals were sacrificed to the gods. Allegedly women
washing their underwear in the Tiber waters, at the foot of the mountain,
noticed that after heavy rainfall flowing from the slope of Sapo Mountain,
a mixture of melted animal oil, ash and clay, facilitated the washing process.
Probably soap took its name just from the name of this mountain (Latin sapo soap). However, this is just a legend. It turned out that in the available historical
and geographic data in Italy, no record of existence of this mountain Sapo
was found [Routh et al. 1996; Zieliński 2013].
Soap is the oldest known surface active agent with a long history
of applicability [Jungermann 1973, 1979]. Soap are salts of fatty acids like
palmitic, stearic, oleic, mirystyl. The use of soaps in cosmetics depends
not only on the fatty acid but also on metal. In cosmetics soap are introduces
inter alia as cleaning substances, emulsifiers or cosmetic powders ingredient
[Malinka 1999]. Production of soaps is one of the oldest chemical synthesis
described by human. There are several major compositional types of soap bar
with distinct bar properties and in use behaviors – speed and type of lather, rate
of use up, aroma, skin compatibility, tendency for mush, etc. Most bars
are either basic or super fatted soap. There are also other categories of soap
bars based on the use of specialist ingredients: transparent bars, antibacterial
bars, and deodorant bars.
Basic soap is the sodium salt of a fatty acid. As the salts of weak acids,
soaps form alkaline solutions as they dissociate in water. The pH of soap
is typically in the pH range 9 – 11. Such pH value can be drying and irritating
to skin but is sufficiently high to negatively impact on the pH - dependent
processes of the stratum corneum which has a natural pH of around 5.5.
The fatty acids used in soap making are natural, derived from animal or plant
sources. The most common chain lengths in the range C12 to C18.
In the synthesis of basic soaps are used e.g. coconut, palm, olive fatty acid,
beef tallow, pork fat. The plant oils used in soap are usually previously
hydrolyzed to the fatty acid sodium salts (soap) and glycerol. Super fatted
soaps are the group of products which contain free fatty acid in the final soap
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composition. This excess fatty acid reduces the lipid stripping and drying
effects by skin of a soap [Malinka 1999; Draelos 2010]. Next group of soaps
are transparent soap bars. Such product is made by involves dissolving the raw
soap and other ingredients in alcohol, pouring into molds followed by up to 3
months of evaporation and drying. Obtaining of transparent soaps can be also
based on triethanolamine soap, where triethanolamine is the neutralizing cation
instead of usual sodium.
One of the products that are currently of the great interest
are antibacterial soaps. These products are basic soaps containing one
of a limited number of approved antibacterial agents. Next subcategory
of the bar soap market are deodorant soap, which should inhibit the odor producing bacteria of the axilla [Malinka 1999; Draelos 2010].
There are also large numbers of specialist bars that are simply soap
containing a wide range of colors, fragrances, and emotive ingredients such
as vitamins, aloe, chamomile, and other natural extracts. The emotive
ingredients are there to appeal to the senses and emotions with no real
expectation that they have any benefit for the skin [Draelos 2010].
Soap is cheap and easy to manufacture therefore the market is dominated
by soap as the cleansing products. However a significant part of the market
share non-soap detergents bars. These products are based on surfactant
component in combination with stearic acid.
Maintaining proper personal hygiene is important element of everyday
life. Purity of hands has become its distinguishing feature [Bhat et al. 2011].
Literature date indicate that a few millions cases of infectious disease
associated with day care facilities each year. Hand washing has long been
known to be a beneficial public health practice for preventing the spread
of infectious disease. Since the advent of antibacterial or disinfecting soaps,
hand washing has been shown to be more effective in interrupting the cycle
of disease transmission [Gibson et al. 2002; Riaz et al. 2009]. Soap are not
only used to remove dust and dirt but also recommended for preventing skin
infections and reducing the incidence of sepsis originating from minor skin
injuries [Wolf et al. 2001; Garbolinska 2010]. Nowadays hand hygiene
is critical to infection control [Barel et al. 2009].
Microbiological contamination is one of the wildly investigated subjects
in the literature. Due to the increasing microbial resistance of pathogenic
bacteria to different substances it became the worldwide problem, which effect
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with the great the number of literature reports on new antimicrobial agents
[Gozzelino et al. 2011; Ghumare et al. 2012].
The main aim of this work was to determine the surface and antibacterial
activity of composed liquid soaps and assessment of the impact of amphoteric
surfactant (sulfobetaine) on these properties.
Materials and methods
Cosmetic raw materials used in the study was purchased from PCC Exol S.A.
Sufobetaine type surfactant (fig. 1) was synthesized in Department
of Technology and Instrumental Analysis of the Poznan University
of Economics.

+

N

SO3

-

Fig. 1. Structure of N-hexadecyl-N-(propylpiperidinium-3-sulfate) (P16S3)

Two formulations of cleansing cosmetics differing in the ratio
of sufobetaine were developed. The compositions ingredients are presented
in tab. 1.
Table 1. Composition of liquid soaps
M1

M2

Ingredients (INCI)

Formulations [%]

Aqua

to 100

Sodium Laureth Sulfate

7.5

Sulfobetaine (P16S3)

2.0

4.0

Cocamide DEA

1.0

Glycerin

1.0

Lactic acid

to pH 5.5-6.0

Determination of surface activity
The surface tension of the aqueous solutions of composed liquid soap
was measured by the Du Noüy ring method with a K12 KRÜSS tensiometer.
The measurements were conducted at a constant temperature 21°C. Surface
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tension measurements of the aqueous solution were made for the initial
concentration equal to 10%. Next several solutions were obtained by serial
dilution method.
Determination of antimicrobial properties
The antimicrobial activity of the liquid soaps was tested on the following
strains of microorganisms: gram-negative bacteria Escherichia coli (ATCC
10536) and Pseudomonas aeruginosa (ATCC 15442); gram-positive bacteria
Staphylococcus aureus (ATCC 9538), Bacillus subtilis (ATCC 6633)
and Enterococcus hirae (ATCC 10542) and yeast Candida albicans (ATCC
10231). All the microorganisms belong to the culture collection
of the Department of Biotechnology and Food Microbiology (UELS,
Wroclaw). The bacteria were grown in nutrient broth medium at 37°C, except
B. subtilis (ATCC 6633) which was grown at 30°C. The yeast was grown
in YPG medium at 30°C. Agar was added to the medium in a concentration
of 2% when necessary.
For testing antimicrobial activity of composed liquid soaps well
diffusion assay was used. To a sterile Petri dish appropriate agar medium with
bacterial or yeast cultures were applied. Next the wells (10 mm of diameter)
were created. Subsequently, 100 µL of aqueous solution of liquid soaps
solutions was poured into each well. Wells were made in seeded agar
and the test samples (50% aqueous solution) were introduced directly into
these wells. After incubation (at 30°C or 37°C for 48 h), the distances between
the edge of the well and the end of the clear zones around the wells were
measured (Gwiazdowska and Wieczorek, 2014). All assays were carried
out three times.
Results and discussion
Ability of substances as well as personal care products to reduce the surface
tension of water is one the basic properties determining effectiveness.
Measurements of surface tension were conducted for several aqueous solutions
of composed products. On this basis isotherms of surface tension were graphed
(fig. 2). These isotherms are in typical shape – sigmoidal shape with
two inflection points.
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A

B
Fig 2. Isotherms of surface tension of liquid soaps, A: M1, B: M2

From the surface tension curves some important information
can be concluded. The effectiveness of final product can be assessed by critical
micelle concentration (CMC). The increase of product concentration in water
cause the decline of solvent surface tension. This phenomena is due to the fact
that surfactant molecules concentrate and organize on the solvent surface.
However above a certain concentration, called critical concentration,
formation of aggregates (micelles) in the bulk phase is observed [Tadros 2005].
The CMC values were determined from bilateral extrapolation of the straight
sections of the isotherms and the results are presented in tab.1. As it can
be seen the CMC value is smaller for product with higher content
of sulfobetaine, however the difference is not insignificant.
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The efficiency of a surfactant or a product in reducing surface tension
should reflect its concentration at the interface relative to that in the bulk liquid
phase and can be described by the parameters like: value of surface tension
at CMC (γCMC), effectiveness (ΠCMC) of a surfactant/product in reducing
surface tension and the efficiency of adsorption (pC20) [Rosen 2004]. These
parameters provide many important information about usage properties of final
product. The reduction in surface tension depends on the replacement
of solvent molecules with the surfactant ones at the interface. The value
of surface tension at CMC (γCMC) is in the range of 29.6 to 29.8 mN∙m-1 what
indicate good reduction abilities of composed products.
The effectiveness of a surfactant/product in reducing surface tension
can be measured by the surface pressure (ΠCMC). The effectiveness can
be calculated from equation:
ΠCMC=γ0-γCMC,
γ0 is the value of surface tension of solvent, γCMC is the value of surface tension
at CMC, since the reduction of the tension below CMC is relatively
insignificant [Myers 2005]. The higher the value of ΠCMC, the more effectively
the surface tension value is reduced. This effectiveness of both samples
are comparable.
A measure of the efficiency of adsorption (pC20) is the negative
logarithm of the concentration of surfactant/product needed to produce
20 mN∙m-1 reduction in the surface tension of the solvent. The high values
of pC20 indicate that surfactant/product more efficiently adsorb at the interface
and reduce surface tension. As follows from the Table 2 data, the pC20 value
is higher for sample with higher content of sulfobetaine surfactant.
Table 2. Surface properties of liquid soaps
Soap

CMC [%]

γCMC [mN∙m-1]

pC20 [%]

ΠCMC [mN∙m-1]

M1

0.049

29.6

1.92

42.0

M2

0.041

29.8

2.24

41.8

Antibacterial liquid soap should merge two basic tasks: maintain hygiene
and disinfection of hands. The assay applied to access antimicrobial activity
of composed liquid soaps was based on measurement of zones around the wells
to which the products was poured. The bigger pure (transparent) zones around
the well the higher ability of product to inhibited growth of tested
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microorganisms. Results conducted for 50% aqueous solutions of composed
soaps (tab.3.) showed that both samples exhibit good antimicrobial properties.
Both products were more effective against gram-positive bacteria. However
C. albicans strain was resistant to the examined samples. Results suggests that
antimicrobial activity depends not only on activity individual ingredients
but also on interactions between components, all the more so that sulfobetaine
individual exhibit good anti-candida activity [Wieczorek et al. 2017].
Table 3. The size of inhibition zones of growth of tested microorganisms
Soap

C. albicans

S. aureus

B. subtilis

E. hirae

P. aeruginosa

E. coli

M1

0.00

7.84

6.00

1.88

1.58

2.01

M2

0.00

8.75

7.59

2.65

1.70

2.32

Literature data dealing with the antimicrobial activity of commercial
liquid soaps shows that the disinfectant ability of composed products are high,
however higher against pram-positive bacteria [Wieczorek and Gwiazdowska
2016].
CONCLUSIONS
Experimental data presented in this work indicate that developed products
exhibit good surface activity with high effectiveness in reduction of surface
tension. Also antimicrobial activity is high especially against pram-positive
bacteria. On the basis of obtained results it can be also concluded that activity
both surface and antimicrobial depend not only on activity individual
ingredients but also on interactions between components.
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STRESZCZENIE
Rynek produktów kosmetycznych skład się z pięciu głównych segmentów:
preparatów do pielęgnacji skóry, włosów, makijażu, preparaty zapachowe
oraz produkty toaletowe. Jednakże można go tez podzielić na: preparaty
do pielęgnacji skóry, włosów, makijażu, perfumy, produkty toaletowe
i dezodoranty oraz kosmetyki do higieny jamy ustnej. Od kilu lat dochód
tej branży się zmieniał. W roku 2015 przychód z handlu produktami
kosmetycznymi osiągnął wartość 80,973 miliony USD, podczas gdy wysokość
dochodu rynku polskiego kształtowała się na poziomie 3,739 miliony USD.
Jednymi z najważniejszych i szeroko zbadanymi produktami rynku
kosmetycznego są mydła i mydła w płynie. Mydło uznawane jest za najstarszy
produkt kosmetyczny mimo tego również obecnie odgrywa ważną rolę w życiu
codziennym. Od pokoleń uważa się że czystość dłoni jest jednym
z wyznaczników higieny osobistej. Dlatego też bardzo ważnym elementem
życia codziennego jest utrzymanie właściwej higieny skóry ciała
a w szczególności dłoni.
Podstawowym celem mydła jest usunięcie brudu, ale nowoczesne
produkty do pielęgnacji ciała powinny mieć również inne właściwości. Jedna
z modyfikacji mydeł zakłada dodawanie składników wykazujących
właściwości np. odżywczy lub przeciwbakteryjne.
Celem niniejszej pracy było określenie właściwości powierzchniowych
oraz przeciwbakteryjnych modelowych mydeł w płynie a także określenie
wpływu surfaktantu amfoterycznego (sulfobetainy) na te właściwości.
Uzyskane wyniki wykazały, że dodanie surfaktantu o budowie sulfobetainy
wpływa na właściwości powierzchniowe i przeciwbakteryjne.
Słowa kluczowe: mydło w płynie, sulfobetaina,
przeciwdrobnoustrojowe, właściwości powierzchniowe

właściwości
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Abstract: Protein hydrolyzates are interesting components of cosmetics,
including hair and body wash products. Two of the most popular hydrolyzates
used in cosmetic products are keratin hydrolyzates and elastin hydrolyzates.
Both of them have the ability to stimulate hair growth, improve grip, give hair
silky softness and protect it from harmful environmental factors. Additionally,
hydrolyzed elastin has a moisturizing effect on the skin, which makes
it potentially useful as an ingredient in products designed for cleansing the hair
and body.
The ease of application of a given cosmetic product depends on a number
of factors (for example viscosity, spreadability, adhesive force, product
hardness, yield stress values). These physicochemical properties are very
important for most manufacturers and provide another way of testing cosmetic
products. It is important to note that the ease of application is often the main
criterion in consumer evaluation of cosmetics. The aspects outined above were
the main reasons for exploring the topic.
For the purpose of the study, a base shampoo formulation (without
hydrolyzates) and five formulations containing protein hydrolyzates at various
proportions (1:0, 0:1, 1:1, 3:1, 1:3) were developed. The total percentage
of hydrolyzates in the formulation was 1 wt%.
The study explored the impact of different hydrolyzate proportions
on selected properties responsible for the application properties of prototypical
shampoos – including viscosity, adhesive force, product hardness and yield
stress values. The study’s findings could be valuable to manufacturers seeking
to develop formulations that will meet consumers’ expectations in terms
of shampoo application properties.
Keywords: application, shampoo, hydrolyzed keratin, hydrolyzed elastin
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INTRODUCTION
The group of active ingredients used in shampoo formulations includes protein
derivatives. Hydrolyzed proteins, particularly hydrolyzed elastin
and hydrolyzed keratin, have an established status in the cosmetic industry
owing to their multiple benefits.
Proteins are macromolecular polymers with molecular weights reaching
up to several million daltons. They are made up of amino acid residues which
are held together by peptide bonds. Proteins are found in all living organisms
and also in viruses. Proteins are composed of a range of chemical elements
including carbon, oxygen, hydrogen, sulphur and phosphorus. Protein
molecules may also contain metal cations such as Mg2+, Mn2+, Fe2+, Zn2+, Cu2+,
Co2+, etc. [Berg, Tymoczko and Stryer 2005].
Depending on the criteria, proteins can be divided into a number
of categories. For example, based on their structure, proteins can be classified
into simple and conjugated types. Simple proteins are made up only of amino
acids, whereas conjugated proteins also contain a variety of non amino acid
components. Based on this criterion, proteins can be divided into
glycoproteins, lipoproteins, phosphoproteins, metalloproteins, chromoproteins
and nucleoproteins [Berg, Tymoczko and Stryer 2005].
Another protein classification system is based on protein functions.
Depending on the function they serve, proteins can be divided into
the following types: enzymatic, structural (e.g. elastin, keratin), transport,
regulatory, immune, motor and storage. Based on shape, a distinction is made
between globular (round-shaped, e.g. protamine, albumin) and fibrillar
proteins (keratin found in hair, wool, feather, nails; collagen and elastin) [Berg,
Tymoczko and Stryer 2005; Ścibisz, Arct and Pytkowska 2008].
Protein-based cosmetic materials are typically derived from simple
globular and fibrillar proteins of animal origin (fish, mammals) or from plant
sources (maize, wheat, oats, soybeans and rice). Proteins derived from lower
living organisms (algae, fungi) are rare [Ścibisz, Arct and Pytkowska 2008;
Zięba et al. 2017].
Elastin is a highly branched water-insoluble protein composed primarily
of the following amino acids: proline, alanine, valine and glycine [Nadalian
et al. 2015]. The content of elastin in human skin ranges from 0.6% to 2%.
In addition to human skin collagen, elastin fibres ensure an appropriate skin
moisture level and, consequently, skin elasticity. On account of the fact that
the molecules of that protein are large in size, they are unable to cross the skin
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barrier [Yonci, Takabe and Yagi 2015; Weinhermann et al. 2016]. Another
limitation associated with elastin use is its hydrophobic nature. As a result,
cosmetics are usually formulated with elastin derivatives in the form
of hydrolyzates [Ledvina and Bartoś 1968; Langmaier et al. 2002; Ścibisz,
Arct and Pytkowska 2008].
Hydrolyzed elastin molecules are deposited (adsorbed) onto damaged
hair sites, smoothing out the surface of hair. They also exhibit film-forming
properties on the hair surface, serving a protective function from external
factors [Peters-Imke 2009; Albinus 2012].
As up to 90% of hair fibres are composed of keratin, the compound
is the basic building block of hair. Keratin consists mainly of cysteine
(ca. 16%) and glutamine (ca. 12%). Similarly to elastin, keratin is insoluble
in water. It exhibits regenerative properties inside the hair shafts [Sumirska
2010].
In addition, keratin protects hair from the damaging effects produced
by a range of factors: chemical (e.g. permanent wave, hair dying and bleaching
treatments), physical (UV, high temperature during hair drying
or strengthening) and mechanical (brushing, styling) [Barba et al. 2008;
Sionkowska et al. 2011; Villa et al. 2013; Mokrejs et al. 2017].
Keratin used in cosmetic applications is currently derived primarily from
sheep wool, however it can only be obtained from animal hooves and horns
[Ścibisz, Arct and Pytkowska 2008]. In the cosmetic industry keratin is used
mainly in the form of hydrolyzates which allows their incorporation
into aqueous systems such as shampoos.
Based on the literature hydrolyzed keratin is known to be involved
in the process of hair conditioning and even, to a certain extent, hair
regeneration. This effect is due to the fact that oligopeptide molecules with
weights < 1000 Da have an ability to penetrate into the cortical layer. This
helps to fill in the gaps in the hair cuticles and smooth out the hair surface,
increase hair volume and give hair a glossy appearance. The literature reports
also suggest that hydrolyzed keratin may play a role in regulating the foaming
properties of wash cosmetics [Niinimaki et al. 1998; Mokrejs et al. 2017].
The market in cosmetics is very broad, and in order to meet growing
consumer demands formulators look for products which are effective,
multifunctional and convenient to use. Crucially, consumers’ experience with
product application characteristics, particularly the ease of dispensation,
application and spreading, is growing in importance as a factor determining
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repeat purchases. The aspects outlined above provided a basis for a more
detailed exploration of the topic.
Although the proposed protein hydrolyzates are commonly used
as shampoo additives, no recent studies could be found examining their effect
on the application properties of shampoos. The only available studies assessed
the cosmetic effects of protein hydrolyzates on the skin and hair. Consequently,
an attempt was made to determine the influence of hydrolyzed elastin
and hydrolyzed keratin added at various proportions to shampoo formulations
on a range of properties including viscosity, yield stress, hardness and adhesive
force (texture analysis).
MATERIALS AND METHODS
Based on the literature data [Niinimaki et al. 1998; Ścibisz, Arct
and Pytkowska 2008; Mokrejs et al. 2017], market research and own
experience [Sułek and Zięba 2010; Zięba et al. 2017], a prototypical
(hydrolyzate-free) base shampoo formulation and five prototypical shampoo
formulations containing hydrolyzed elastin and keratin (used at various
proportions and alone) were developed.
Table 1. Composition of prototypical shampoo containing hydrolyzed elastin
and hydrolyzed keratin at various proportions.
Shampoo formulation
INCI

O

SH1

SH2

SH3

SH4

SH5

Concentration [% wt.]
Sodium Laureth Sulfate

9.45

Cocamide DEA

1.00

Cocamidopropyl Betaine

1.25

Disodium Laureth
Sulfosuccinate

1.20

Hydrolyzed Elastin

-

1.00

0.75

0.50

0.25

-

Hydrolyzed Keratin

-

-

0.25

0.50

0.75

1.00

Lactic Acid

to pH =5.50

Sodium Chloride

0.75

Preservative

q.s.

Aqua

up to 100.00
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All the original shampoos were produced in a process comprising
the following steps. Water required for preparing the formulation
was measured out, following which appropriate quantities of Sodium Laureth
Sulfate, Cocamide DEA, Cocamidopropyl Betaine and Disodium Laureth
Sulfosuccinate were placed in the mixing tank. The mixture was stirred
at 50 rpm in 220C. In the next step of the process, protein hydrolyzates
at concentrations listed in Table 1 were incorporated into the surfactant
mixture, and stirring was continued. A preservative and sodium chloride were
added and after a homogeneous mixture was obtained, the pH of the shampoos
was adjusted to 5.5
Two commercially available shampoos were used for comparative
purposes. Their compositions, based on INCI, are presented below.
 Commercial shampoo 1 (T1): Aqua, Sodium Laureth Sulfate,
Cocamidopropyl Betaine, Sodium Chloride, PEG-3 Distearate,
Hydrolyzed
Keratin,
Magnolia
Officinalis
Bark
Extract,
Polyquaternium-10, Guar Hydroxypropyltrimonium Chloride, PEG-40
Hydrogenated Castor Oil, Glycerin, PEG-90 M, Silica, Citric Acid,
Sodium Benzoate, Parfum.
 Commercial shampoo 2 (T2): Aqua, Sodium Laureth Sulfate,
Lauramidopropyl Betaine, Cocamide DEA, PEG-75 Lanolin, Sodium
Chloride, Cocamidopropylamine Oxide, Hydrolyzed Keratin, Propylene
Glycol, Equisetum Arvense Leaf Extract, Citric Acid, Parfum,
Methylchloroisothiasolinone, Methylisothiasolinone, Hexyl Cinnamal.
Viscosity
The measurements of viscosity of the prototypes were performed using
a Brookfield DV-I+ viscometer, under the rotational speed of 5 rpm,
at the temperature of 220C. Each measurement is an arithmetic mean from
three independent measurements.
Yield stress
The yield stress levels of the shampoos under study were determined with
a Brookfield HA DV III Ultra viscometer equipped with a set of vane spindles.
The measurements were performed at a constant rotational speed of the spindle
(5 rpm). Yield stress is the minimum value of shear stress required to initiate
product flow. The measurement results were recorded and analyzed using EZYield Software.
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Texture (consistency) analysis
Consistency was determined with a Brookfield CT3 texture analyzer.
A cylinder-shaped acrylic probe, 25.4 mm in diameter and 35 mm in height,
was used. The probe penetration depth was 10 mm at the constant head speed
of 0.5 mm/s. The results were recorded using the Texture Pro CT software.
Texture profile analysis (TPA) assessed the following properties: hardness, i.e.
weight required to press the probe to a depth of 10 mm (maximum force
recorded during a single test cycle), and adhesive force, i.e. the measure
of adhesion of the formulation to the probe (weight that needs to be applied
to the probe to remove it) [Klimaszewska et al. 2017].
RESULTS AND DISCUSSION
Viscosity
One of the main physicochemical properties which are considered
by consumers during the application of cosmetics is viscosity (η). Highviscosity shampoos are perceived by consumers as rich in active ingredients,
however they may also be difficult to spread on the surface of hair. In contrast,
insufficiently viscous shampoos may drip from the hand even before their
application on the hair and run off the hair surface excessively after
the application. In addition, viscosity must be carefully adjusted to the type
of packaging (e.g. bottle with a screw cap, flip-top container, bottle with pump
dispenser) from which the cosmetic is intended to be dispensed.
The prototypical shampoos were tested to determine their viscosity,
and the results are shown in Fig. 1.
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Fig. 1. Viscosity of prototypical shampoos and commercially available products
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The viscosity level of the base shampoo without hydrolyzates (O)
was 6,300 mPa·s. Following the incorporation of hydrolyzed elastin
at the concentration of 1 wt% into the base shampoo as the sole addition,
the value of the measured parameter decreased to 4,300 mPa·s (formulation
SH1). A decrease in the percentage proportion of hydrolyzed elastin through
the addition of hydrolyzed keratin to the formulation produced an increase
in viscosity of the prototypical shampoos even by up to 20% compared
to the hydrolyzate-free cosmetic (η=7,800 mPa·s). It is important to note that
all the shampoo formulations prepared for the study make it possible to achieve
η values in the range designated for commercial cosmetics (η=2,300–8,200
mPa·s) containing hydrolyzed keratin.
Yield stress
The application properties of cosmetics are largely dependent on yield stress
values. Manufacturers must take yield stress into account when selecting
optimum packaging type and dispensation method in order to ensure easy
and economical product dosage. It is generally recognized that the lower
the yield stress value, the “lighter” the consistency of a given cosmetic product
and the better its spreadability on the skin and hair.
The stress yield values determined at a constant rotational speed
of the spindle (5 rpm) for the prototypical shampoos enriched with hydrolyzed
keratin and hydrolyzed elastin at various proportions are shown in Fig. 2.
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Fig. 2. Yield stress of prototypical shampoos and commercially available products
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The measurements showed that an increase in the concentration
of hydrolyzed keratin was correlated with an increase in yield stress
for all the prototypical shampoos under study (Fig. 2).
The level of yield stress determined for the reference shampoo
not containing hydrolyzates (formulation O) was 6.82 Pa. The highest yield
stress (15.44 Pa), superior even to the values obtained for the commercial
cosmetics T1 and T2, were noted for the shampoo SH5 with the hydrolyzed
elastin to hydrolyzed keratin ratio of 0:1. The lowest yield stress (5.36 Pa)
was observed for the shampoo SH1 which contained hydrolyzed elastin only.
Generally, the value of yield stress rises when the percentage content
of hydrolyzed keratin exceeds that of hydrolyzed elastin. This finding warrants
the conclusion that as the concentration of hydrolyzed elastin increases,
the spreadability of shampoos on the hair surface improves. However, it should
also be noted that the yield stress values obtained for the cosmetics with
a dominant content of hydrolyzed keratin (formulations SH4 and SH5) do not
cause any difficulties with shampoo spreading on the hair. A more general
conclusion may thus be drawn that the results recorded for yield stress correlate
with the viscosity results of the prototypical shampoos.
Texture analysis
Measurements of hardness and adhesive force (so-called texture analysis) offer
a possibility to determine and compare an array of cosmetic properties which
are routinely evaluated by users (mostly subjectively) with their senses.
A texture meter makes it possible to simulate the behaviour of human finger
at the moment of touching the surface of a cosmetic such as a shampoo [Tai,
Bianchini and Jachowicz 2014]. Fig. 3 shows hardness and adhesive force
values obtained for the prototypical shampoos enriched with hydrolyzed
elastin and hydrolyzed keratin (SH1-SH5), selected commercial products (T1,
T2) and the reference (hydrolyzate-free) shampoo (O).
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Fig. 3. Hardness and adhesive force of prototypical shampoos and commercially
available products

The hardness level determined for the reference shampoo (O) was 6.55
g. Based on the results of shampoo hardness measurements (Fig. 3), it can
be concluded that the incorporation of elastin at the concentration c>0.25 wt%
into the shampoo formulation produces a decrease in the measured value
to 5.65 g for the shampoo designated as SH1. It can thus be observed that
an increase in the percentage content of hydrolyzed keratin in the formulation
accompanied by a decrease in the content of hydrolyzed elastin leads
to an increase in shampoo hardness.
CONCLUSIONS
The purpose of the study was to assess the effect of hydrolyzed elastin
and hydrolyzed keratin added at various proportions to shampoo formulations
on the application properties which can be determined by measuring viscosity,
yield stress, hardness and adhesive force of the formulations (texture analysis).
A total of six prototypical shampoos containing hydrolyzed elastin
and hydrolyzed keratin at concentrations in the range of 0–1.0 wt% were
designed and formulated. In addition, two commercially available products
were selected for tests.
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The study produced the following findings:
 the dominance of hydrolyzed elastin in shampoo formulations induces
a decrease in dynamic viscosity in the test cosmetics as compared
to the reference (hydrolyzate-free) product;
 the incorporation of hydrolyzed keratin in addition to hydrolyzed
elastin into shampoo formulations triggers an increase in yield stress,
whereas the application of hydrolyzed keratin alone makes it possible
to obtain a shampoo with a yield stress level exceeding that found
in commercial products;
 the hardness of shampoos rises along with increasing concentrations
of hydrolyzed keratin in the formulation. An analogous tendency
was also observed for adhesive force.
Summing up, the most beneficial parameters were found in the shampoos
which contained hydrolyzed keratin at 0.75 wt% and 1 wt%. The parameter
values obtained for the cosmetics designated as SH4 and SH5 give grounds
to conclude that the two products will exhibit the best application properties.
The results of the present study may be used as a foundation for further
research and attempts to modify hair wash products with the aim to achieve
superior application and functional characteristics.
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STRESZCZENIE
Hydrolizaty protein stanowią interesujący składnik kosmetyków, w tym także
kosmetyków myjących do włosów i ciała. Ciekawymi właściwościami
charakteryzują się hydrolizaty keratyny i hydrolizaty elastyny. Hydrolizaty
keratyny i elastyny wykazują zdolność pobudzania wzrostu włosów,
poprawiają ich chwyt, nadają jedwabistą miękkość, ochraniają włosy przed
szkodliwym działaniem czynników środowiskowych. Dodatkowo hydrolizaty
elastyny działają nawilżająco w stosunku do skóry, co daje możliwość
zastosowania ich w produktach przeznaczonych zarówno do mycia włosów
jak i ciała.
O łatwości aplikacji danego produktu stanowi wiele czynników
(np. lepkość, rozprowadzalność, siła adhezji, twardość produktu) jednak
większość autorów pomija te właściwości na rzecz badania właściwości
kosmetycznych. Warto zaznaczyć, że łatwość aplikacji danego kosmetyku
bywa często podstawowym kryterium oceny konsumenckiej.
Na potrzeby artykułu opracowano recepturę bazową szamponu
(bez hydrolizatów) oraz kompozycje z dodatkiem hydrolizatów białek użytych
w różnych proporcjach (1:0; 0:1, 1:1; 3:1; 1:3;), przy czym sumaryczny udział
procentowy hydrolizatów w recepturze wynosił 1%wag.
W pracy dyskutowano wpływ proporcji użytych hydrolizatów
na wybrane właściwości odwzorowujące właściwości aplikacyjne
szamponów: lepkość, teksturę oraz granicę płynięcia. Na podstawie
przeprowadzonych badań stwierdzono, że szampony z dodatkiem
hydrolizatów proponowanych białek mogą wykazywać korzystne właściwości
aplikacyjne.
Słowa kluczowe: aplikacja,
hydrolizowana elastyna

shampon,

hydrolizowana

keratyna,
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Abstract: It is estimated that the shampoos and hair conditioners are now one
of the most important segments of the cosmetics market. Shampoos available
in the market are very different, these differences are usually based on the form
in which they are present on the market or on the properties. Due
to the prevalence form of shampoos can be divided into liquids, liquid creams,
gels, mousse and dry powders (dry shampoos). Due to the their functions can
be distinguished: ordinary shampoo, mild shampoo, beauty shampoo,
conditioning shampoos, special care shampoos. Regardless of the form
and characteristics of the most important components of the shampoo are:
principle surface active agents, secondary surfactants, foam stabilizers,
rheology-modifying, conditioning ingredients, dyes, preservatives, perfumes
and pearlescent agents.
Obviously the most important function of shampoo is their washing
function, however, not only this determine consumers purchasing decisions.
A significant impact on consumers purchasing decisions have the viscosity
of the product. Cosmetic products having high viscosity are considered
by consumers as products rich of active components. Proper viscosity
of the product is also important due to the ease of product application from
the bottle, time to move the product from the bottom to the mouth of the bottle
and the solubility of the product in water.
For this reason, we conducted research aimed at finding new efficient
viscosity modifiers. In this study evaluated the effect of the addition of gelatin
on the viscosity of a standard shampoo. Also the effect of storage temperature
was evaluated. The effect of gelatin addition to the composition of shampoo
showed that this rheology-modifier and be insert to the shampoo in proper
concertation. It can also replace the commonly used thickener (sodium
chloride). However the storage temperature has an impact on the shampoo
viscosity too.
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INTRODUCTION
Cosmetic market divides this group of products into several segments. Share
of hair care products in the European market of cosmetics stood in 2016
at the level of 22,9%. The revenue of hair care market in Europe amounts
to more than 14 billion USD. This amount concerns to shampoo, conditioner,
hair tonic and related products and styling products (hairspray, hair dye etc.)
[www.statista.com].
Shampoos and conditioners are one of the most important components
of the cosmetics market [Arct 2000]. Shampoos were designed to remove
sebum, scales, and microorganisms from the hair and scalp [Cohen
and de Souza 2010]. These products on the market can occur in various forms,
inter alia as: liquids, liquid creams, gels, mousse and dry powders (dry
shampoos). The most distinctive group of shampoos due to the composition,
form and functionality are dry shampoos. They are present in the form
of a powder spray by aerosol. They didn’t contain surfactants in their
composition, however, are characterized by the presence of sebum absorbers
e.g. rice or corn starch. Dry shampoos to fulfill its function do not require
the presence of water. Their main advantage is the speed and ease of use,
provides a refreshing effect and provides hair volume. The literature data
indicate that the most common form of the prevalence of shampoos is the form
of liquid, which ensuring easy distribution of shampoo. In turn, the shampoos
in the form of a liquid cream has a rich composition, also they exhibit good
conditioning properties. Taking into account the objectives and positioning
of cosmetic can be divided into 5 classes shampoos: ordinary shampoo, mild
shampoo, beauty shampoo, conditioning shampoos, special care shampoos
[Bouillon 1996; Tai and Nardello-Rataj 2009].
Shampoos belonging to “ordinary shampoo” category should
be characterized by versatility and affordability. Their primary function
is to clean the hair. After applying shampoo hair should easily be combing and
shiny. Literature indicates that the surfactants which are generally included
in ordinary shampoos belong to the group of anionic surfactants [Barel, Paye
and Maibach 2009].
In turn, the composition of ingredients in shampoos classified as mild
were so composed that were characterized by gentle to hair and scalp. Main
surfactants in formulation of mild shampoo are anionic and amphoteric
165

surfactants. Often in baby shampoo it is also used nonionic surfactants
[Bouillon 1996].
A similar composition exhibit beauty shampoo but the expectations
of their properties are different. From beauty shampoos it is expected that they
will cleanse the hair and skin of the head and the hair after shampooing will
be light and shining. On the other hand, conditioning shampoos addition
to its cleansing properties should respond to the cosmetic needs of different
hair types. Shampoos belonging to this group should give softness and shine
to hair dry, in turn they should provide volume and lightness to greasy hair
[Malinka 1999]. Yet another effect should cause in relation to damaged hair
namely, should render them smoothness, shine, and manageability.
For consumers with problems such as dandruff and excess greasiness
are dedicated special care shampoos [Bouillon 1996; Butler and Poucher
2000].
The most commonly used liquid shampoos are formed by mixing
multiple substances. Basically substances in shampoos can be divided into
several groups according to their functions. In the shampoo formulations
are usually: principle surface active agents, secondary surfactants, foam
stabilizers, rheology-modifying, conditioning ingredients, dyes, preservatives,
perfumes and pearlescent agents [Arct 2000]. Dandruff is quite a common
problem of the scalp so shampoos often contain in its composition antidandruff
agents [Shapiro and Maddin 1996; Mottram and Lees 2000; Tai and NardelloRataj 2009].
The most important function of shampoo is their washing function.
Basically, the cleaning process can be divided into three stages. The first step
consists in weakening the interaction between creatine and the grease. In this
step a reduction in the surface tension between the water and grease takes
place. The crucial in this process is the presence of surfactants. The second
step is transferring the oil into the aqueous vehicle. The third step involves
dispersions of dirt in the foam [Wolf et al. 2001]. Cleansing ability depends
largely on the type and amount of surfactant. The main surfactants used
in shampoos are anionic and amphoteric surfactants, while the nonionic
and cationic surfactants are added as modifiers or conditioning [Trüeb 2007;
Tai and Nardello-Rataj 2009]. The most commonly used surfactants
in the manufacture of shampoos are: sulfated fatty alcohols, alkyl sulfates,
and their polyethoxylated analogues as well as alkyl ether sulfates. These
surfactants beyond cleansing properties, exhibit good solubility in water
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and ability to form foam. Often in shampoos formulations are also used alkyl
ether carboxylate, acyl peptides, alkyl sulfosuccinate and olefin sulfonate. This
surface active agents are used in order to optimize the properties
of the shampoos and what's more in addition they exhibit any irritant properties
[Bouillon 1996; Trüeb 2007].
Essential components of the shampoos are also amphoteric surfactants.
These compounds are characterized by the presence in one molecule of both
the anionic and cationic groups. Amphoteric surfactants are often added
to the shampoo composition in the aim to optimize usage properties
of shampoos. These surfactants demonstrate a propensity to modulate
the foaming and cleaning properties. Amphoteric surfactants often used
in shampoos formulations are betaines [Bouillon 1996].
Beside the detergent properties and good ability to produce foam,
literature teaches that currently very important feature is the ability
of shampoos to hair conditioning. Washing hair causes them to degrease
and this can lead to the occurrence of problems with their combing
and accumulation of electrostatic charges. The easiest way to prevent this
effect by introducing the conditioning components of the shampoo
composition. Roles of conditioning agents in shampoos perform protein
hydrolysates, lipids, derivatives of quaternary ammonium salts, silicones,
and polymers. Conditioning agents must fulfill the basic condition which
is substantivity. Basically, from the use of conditioning agents can distinguish
the following groups: hydrophilic and hygroscopic compounds, lipophilic
substances and compounds containing a quaternary nitrogen atom in molecule
[Arct 2000; Bełcikowski, Arct and Pytkowska 2005].
Hydrophilic and hydroscopic conditioning agents have the task
moisturize hair. In this case, a moisturizing effect is based on increasing
the water binding capacity. Such actions exhibit the protein hydrolysates.
Hydrolysates exhibit greater solubility in water than protein. Hydrolysates
of high molecular weight like proteins are capable of forming a film on surface
of the hair. Moreover, protein hydrolysates neutralize the irritating effect
of anionic surfactants. It happens that in the shampoo compositions
as conditioning agent is also used pantoten. This low molecular compound
has high hygroscopicity and substantivity. Second groups of conditioning
compounds which are often used in shampoos formulations are lipophilic
substances "re-greasing". Lipids as the conditioning agents cause a decrease
in the loss of water through the cuticle, further reducing the coefficient
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of friction. In addition, lipids have ability to create a film on the hair which
improves the surface appearance of the hair and increase gloss. Lipids used
as a component in shampoo adversely affect the foam stability. An important
group of conditioning compounds are polysiloxanes. These compounds, due
to the presence of the van der Waals interactions demonstrate substantivity
to the hair structure. It is estimated that the silicones added as an ingredient
in a shampoo not only improve the appearance of hair by giving it the gloss
but also protect hair from damage and have positive impact on combing.
Silicones found recognition also because of its properties of namely reduce
static electricity [Arct 2000; Bełcikowski, Arct and Pytkowska 2005].
The third groups of conditioning compounds commonly included
in shampoos are derivatives of quaternary ammonium salts. They prevent
the accumulation of cargo, to ensure soft and easy combing hair. Their use
in shampoos is limited by anionic surfactants. Often the presence
of the ammonium and the anionic surfactant in solution results in the formation
of insoluble salts. This problem can be solved by using polymers derived from
quaternary ammonium salts. They form with anionic surfactants in watersoluble complexes with good conditioning properties [Arct 2000; Bełcikowski,
Arct and Pytkowska 2005]. Shampoos available on the market often exhibit
the effect of dandruff. Commonly used ingredients for the purpose of ensuring
that actions are pyrithione zinc and piroctone olamine. In the shampoo
formulations, the active ingredient is present as triclosan. It is estimated that
the compound has an activity to prevent bacterial infection [Shapiro
and Maddin 1996; Mottram and Lees 2000].
Cosmetic products and household chemicals having high viscosity
are considered by consumers as products richer in terms of composition, which
is often used as marketing trick. Proper level of viscosity of personal care
products are not only marketing trick, but also one of the most important
functional feature. Composition of product having a suitable viscosity
facilitates dispensing of product from the package, particularly the half-full
package, extrusion of product through the whole in the package lid and time
of mixing the product with water [Wasilewski 2013]. For this reason
thickening agents are widely used. The expected viscosity of the shampoo may
be obtained by the addition of: electrolytes, hydrophilic polymers, surfactants
manifested the tendency to form large micelles [Gilewicz et al. 2012].
Introducing into the solution of anionic surfactants, electrolytes can
obtain the effect of increasing ionic strength. In turn, this affects the size
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and shape of micelles. Ultimately leading to an increase in viscosity
of the solution. Frequently used thickeners and viscosity modifiers are sodium
chloride and ammonium chloride. It is estimated, that sodium chloride
is a more effective viscosity modifier while ammonium chloride is more
efficient thickener [Im 2012]. In addition, in formulations are also used
Xanthan Gum, Cellulose types or Carbomer types thicken. These thickeners
are, however, electrolyte-sensitive [Kortemeier et al. 2010]. These thickeners
are associated mainly with the food industry but it should be remembered that
they are more widely used. And so, for example, xanthan gum is used
in pharmaceutical
formulations,
cosmetics,
agricultural
product
and in the petroleum industry. In addition, it is also used in production in
textile printing pastes, ceramic glaze [Garcıa-Ochoa et al. 2000] In turn, it has
long been known to use guar gum in cosmetic products such as: shampoo, tooth
paste, hair colouran and dry face mask [Chudzikowski 1971].
In turn, this study attempts to determine if gelatin could find use
as a thickener in some cosmetic formulations. Gelatin is a hydrocolloid which
applies mainly in food processing. Because of the wide range of functional
properties until now has been used as a gelling agent in confectionery,
yoghurts, milk desserts. It is assumed that the hydrocolloids may form a gel
by three mechanisms: ionotropic gelation, cold-set gelation and heat-set
gelation. Mechanism of ionotropic gelation is typical of carrageenan and pectin
and is done by cross-linking of hydrocolloid chains with ions. In the cold-set
gelation process, the hydrocolloid is dissolved in hot water, whereby
the suspension is formed, the cooling system leads to the three dimensional
network. This mechanism is characteristic of agar and gelatin. In turn the heatset gelation mechanism is based on the unfolding/expansion of native starch
or protein and their subsequent rearrangement into a network.
MATERIALS AND METHODS
The aim of this study was to investigate the effect of the concentration
of the food thickener - gelatin and temperature on the viscosity of the prepared
shampoo. The effect of concentration and temperature was also studied.
It was prepared 200 g shampoo. To prepare the shampoo for water heated
to 70°C, sodium laureth sulfates, cocamide DEA, cocamidopropyl betaine
and glycerine were added. The whole was stirred on a magnetic stirrer until
a clear solution was obtained. The composition of the shampoo is listed
in Table 1.
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Table 1. The composition of the base shampoo
Ingredient Name /Commercial name

Concentration [wt %]

Water

65

Sodium Laureth Sulfate
/Sulforokanol,

8,1

Cocamide DEA /Rokamid KAD

6,0

Cocamidopropyl betaine

0,6

Glycerine

1

Gelatin

0

Viscosity test was performed using a viscometer RVDV -I+ from
Brookfield. The measurement was performed at different temperatures,
starting at 20°C and successively increasing it in increments of 2°C and ending
at 32°C. The measurement was performed at a rotational speed of 100 rev./min.
The time of measurement was 30s with sampling time of 1s. The final result
is an arithmetic mean of three measurements performed for each
sample.To the prepared shampoo was added in portions of 0.2 grams of gelatin
(produced by Gellwe) when clear solution was obtained viscosity measurement
was made.
RESULTS AND DISCUSSION
This study investigated the effect of temperature and the addition of gelatin
on the viscosity of a standard shampoo. Tests were started at 20°C and then
every 2°C till 32°C. Figures 1-7 present the dependence of viscosity
on the weight of added gelatin at different temperatures. Initially, the addition
of gelatin in each of the analyzed temperatures will not result in significant
changes in viscosity. Also nominal values of viscosity measures for samples
with gelatin concentration which not exceed 0.013% are almost equal
and ranged around the value of 25 mPa s. On the presented charts show
the change in viscosity due to addition of gelatin in the analyzed temperatures.
It has been observed that generally only significant addition of gelatin with
a concentration in excess of 0.013 % causes a significant increase in viscosity.
This effect was noticeable at a temperature of from 20°C to 26°C. For shampoo
in terms of these temperatures were also recorded further sharp increase
in viscosity when the concentration of the thickener has exceeded 0.017 %
grams. In turn, for shampoos investigated in temperature from 28°C to 32°C,
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marked increase in viscosity was observed only when the weight of added
gelatin exceeded the concentration of 0.014%.
The results confirm the generally known observations namely the highest
value of viscosity characterized shampoo tested at the lowest among
the analyzed temperatures. At a temperature of 20°C addition of 3.4 grams
of gelatin what constituted the concentration 0,017 %, made it possible
to obtain a shampoo with a viscosity greater than 700 mPa s. As expected,
at higher temperatures the viscosity of the shampoo did not reach such high
values.
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Fig. 1. The dependence of viscosity on the concentration of added gelatin at 20°C
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Fig. 2. The dependence of viscosity on the concentration of added gelatin at 22°C
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Fig. 3. The dependence of viscosity on the concentration of added gelatin at 24°C
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Fig. 4. The dependence of viscosity on the concentration of added gelatin at 26°C
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Fig. 5. The dependence of viscosity on the concentration of added gelatin at 28°C
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Fig. 6. The dependence of viscosity on the concentration of added gelatin at 30°C
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Fig. 7. The dependence of viscosity on the concentration of added gelatin at 32°C

Total effect of addition of gelatin viscosity of the shampoo is presented
in Figure 8. As it can be seen gelatin can be considered a good thickener,
however only in a certain temperature range. It must be underline that this
thickener is strongly temperature dependent therefore the use of product
is wide range of temperature significantly limited. Large temperature
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difference of storage and use can affect functional feature and usage properties
of final product. As it can be seen in Fig. 8 in typical storage temperatures ca
20-22°C viscosity values are similar. Only during the use of the product
e.g. under shower liquefaction of product may be observed. However it must
be also strongly underline that the viscosity decrease caused by the increase
in ambient temperature is obtained with a considerable delay.
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Fig. 8. The effect of addition of gelatin viscosity of the shampoo, depending
on the temperature

CONCLUSION
Analyzing the results, it was found that gelatin effectively increased
the viscosity of the standard shampoo. The study clearly shows that the gelatin
could become a commonly used thickener in cosmetic products. It seems, that
the use of gelatin in products exposed to exposure to higher temperatures is not
recommended. Conducted studies have shown that in the temperature above
26 °C gelatin did not increase the effective viscosity of a standard shampoo.
Basically, it can be concluded that gelatin can be considered a good thickener
but only in a certain temperature range.
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STRESZCZENIE
Ocenia się, że szampony oraz odżywki do włosów stanowią obecnie jeden
z ważniejszych elementów rynku kosmetyków. Dostępne na rynku szampony
są bardzo zróżnicowane, różnice te są zwykle oparte na formie, w jakiej są one
obecne na rynku lub na właściwościach które przejawiają. Ze względu
na postać występowania szamponów wyróżnia się szampony w postaci
płynnej, ciekłe żele, kremy, pianki i proszki ( tzw. suche szampony). Biorąc
pod uwagę właściwości, jakie wykazują wyróżnia się: szampony codziennego
użytku, łagodne, upiększające, kondycjonujące oraz specjalnego
przeznaczenia. Niezależnie jednak od formy i właściwości szamponów
najistotniejszymi składnikami omawianych produktów są: główne
i drugorzędowe środki powierzchniowo czynne, stabilizatory piany,
modyfikatory reologii, składniki kondycjonujące, barwniki, konserwanty,
substancje zapachowe i substancje nadające perłowy odcień.
Oczywiście najważniejszą funkcją szamponu jest funkcja myjąca, ale nie
tylko to determinuje decyzje zakupowe konsumentów. Znaczący wpływ
na decyzje zakupowe ma lepkość produktu. Produkty kosmetyczne
charakteryzujące się wysoką lepkością są odbierane przez konsumentów jako
produkty o „bogatszym” składzie. Z tego względu przeprowadzono badania
mające na celu znalezienie nowych skutecznych modyfikatory lepkości.
W badaniach oceniano wpływ dodatku żelatyny na lepkości wzorcowego
szamponu.
Słowa kluczowe: szampony, lepkość, żelatyna, kosmetyki
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Abstract: Hyaluronic acid is an essential part of connective, epithelial
and neural tissues, and contributes to cell proliferation and migration. It is used
as a stimulating agent for collagen synthesis and is a common ingredient
in skin-care products, as it is believed to be a key factor in fighting the aging
process. Hyaluronic acid, naturally present in human body, can undoubtedly
be called “the elixir of youth”. Cosmetics enriched with it can effectively
hydrate and moisturise skin. They also promote reduction of wrinkles
and proper skin elasticity. In cosmetic medicine Hyaluronic acid gained
in popularity as a ﬁller component. Injectable hyaluronic acid gels are applied
to reduce static wrinkles, to model cheeks, correct facial line and lips shape,
to improve elasticity and hydration of facial, hand, neckline skin.
Hyaluronic acid is commonly applied in cosmetology. HA treatments
such as mesotherapy, soft-filling, mesolift or volumetry have been growing
in popularity among beauty salons’ patients.
The aim of study was an evaluation of the effect of hyaluronic acid
on the human body and its use in cosmetology. It has been proven how popular
is the use of HA and perceiving it as an “elixir of youth” by consumers.
The research contemplated in this article was conducted with the use
of two independent surveys – one aimed at consumers of cosmetic formulas,
the other one for clients of beauty salons. The study related to the use
of cosmetics enriched with hyaluronic acid involved 95 people (65 women
and 30 men). The second survey was intended solely for women (67) who visit
beauty salons or cosmetic medicine clinics. The results obtained were
subjected to statistical analysis with the employment of chi-square test.
Keywords: hyaluronic acid, cosmetics containing HA, cosmetic medicine,
consumer awareness
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INTRODUCTION
Hyaluronic acid (HA) plays a significant role in the functioning
and the pleasing, young skin appearance. Hyaluronic acid loss causes
dehydration as well as impacts moisture and water loss in skin. HA deficiency
intensifies the appearance of wrinkles, less prominent face oval, appearance
of double chin, lip volume reduction and a more serious look to the face
[Dylewska-Grzelakowska 1999]. In relation to skin, hyaluronic acid
demonstrates occlusive (hydrophobic), hydrating (hydrophilic) and modifying
stratum corneum properties. Such a reaction inhibits transepidermal water loss,
binding water in epidermis and on the surface of skin. It also promotes
the absorption of lipids through corneum, which compensates for water
deficiency in epidermis and supports natural hydration processes [Sikorska
et al. 2015]. Unfortunately, hyaluronic acid present in human skin continues
to undergo degradation caused by hyaluronidases and free radicals, as a result
of which, its amount decreases as we age [Korzeniowska and Pawlaczyk
2014].
Thanks to its properties, hyaluronic acid is a valuable ingredient of many
cosmetics, commonly used in cosmetic medicine. Formulations which contain
said acid demonstrate smoothing properties. Additionally, it serves the role
of a filling substance in anti-1wrinkle injections just similarly to collagen.
Lamentably, the product is very expensive and thus it is used in small amounts.
HA solution of 0.5% is characterised by its high viscosity, which is crucial
in technological processes [Martini 2003].
HA absorption from cosmetics
Efficacy of a particular cosmetic depends predominantly on the absorption
of active substances through skin and not necessarily on adding them
to a particular formulation. Factors which impact the time of absorption
are manifold and include: skin condition and properties of a given substance
(load, lipophilicity, molecular weight). The means of application as well
as properties of the surface on which the cosmetic has been applied play
an important role in the penetration of active substances through skin
[Murawiejko 2014]. Skin barrier protects against permeation of substances
coming from the external world, which constitutes one of the fundamental skin
functions and, at the same time, generates a substantial problem in that it limits
the activity of applied formulations. Most cosmetics which attempt
at permeating the epidermal barrier must go through hydrophobic cellular
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cementum. Cellular cementum is a substance which fills the gaps between
corneocytes. Corneocytes are dead cells located in stratum corneum. They
are flat in shape and do not have nuclei. The thickness of corneocytes’ layer
in stratum corneum oscillates between 10 to 20 µm [Polańska 2012].
Compounds which are characteristic of being akin to cellular cementum lipids
might permeate epidermis. Compounds which are deemed to be hydrophilic
compounds usually fail at penetrating the outermost layer of epidermis –
except for small molecule compounds [Jaworska et al. 2011]. Chemical
substances contained within cosmetics along with other formulations applied
to skin might permeate stratum corneum in two ways, through epidermis
(transepidermal), or through follicles (transfollicular). Transepidermal
permeation may take place through diffusion between cells or through cells.
Effectiveness of permeation is to a great extent dependent upon the type
of substance [Padlewska 2014]. The transepidermal way (through hydrophilic
corneocytes) is possible only for small molecules. The main way of active
substances permeation through stratum corneum is the intercellular one
(intercellular lipid cement). As for ions and large molecules absorption,
however, it mainly takes place in the third way – through skin appendages.
This allows for the least absorption, considering its surface. The deepest
permeation of substance is possible thanks to follicles. In this context,
sebaceous and sweat glands appear to be less useful and might constitute
a barrier for some substances’ absorption [Krzyżostan 2012].
Hyaluronic acid is a hydrophilic substance. This means that it binds
water on the surface of epidermis and it is not absorbed when added
to cosmetics. Nevertheless, it creates an occlusive film on the surface of skin,
the purpose of which is to protect it [Noszczyk 2012]. However, Majnusz
and Bajorek point out that absorbability of hyaluronic acid depends on its size.
HA might be divided into small and large molecules. According
to the aforementioned authors, the first one is not absorbed by skin and creates
a protective layer on its surface. With regard to small molecule acid, it can
permeate skin and bind water in its deeper layers. Accordingly, wrinkles and
inadequate hydration would best be prevented with the employment of small
molecules (molecule load below 4900 Da). However, similarly to other
substances, hyaluronic acid may entail some consequences. In some cases,
small molecule HA might accelerate skin ageing. This is due to the fact that
receptors Toll (TRL) 2 and 4 detect it, which gives way to the emergence
of pro-inflammatory mediators. Small molecule hyaluronic acid may also
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impair the development of tissues. This happens when the low molecular
weight acid “competes” with macromolecules about cellular receptors
[Majnusz and Bajorek 2012]. Thanks to the advancement in cosmetics
production, a method for using high weight molecular HA has been developed.
In order to enhance its moisturising power, the acid is sealed in liposomes.
Such substances can reach deeper layers of skin [Siwek 2012].
The capacity to permeate active substances added to cosmetic
formulations is influenced not only by biological factors related
to the consumer, physicochemical properties of active substance, surface
or presence of penetration promoters, but also dissolution testing. This
includes the amount of active substance released to the surface along with time
of absorption [Krzyżostan 2012].
Defining the release of active compounds from cosmetic surfaces
is based on the evaluation of diffusion of a particular substance from
the surface to phosphate buffer, wherein pH of this buffer is most often similar
to the pH of human skin [Krzyżostan 2012].
OBJECTIVE
The aim of study was to determine the degree of knowledge of consumers’
activities and expectations insofar as hyaluronic acid in cosmetic formulations
and cosmetic medicine is concerned. The study was conducted by means
of two surveys. One addressed to the consumers of cosmetic formulations,
the other one to clients of beauty salons and cosmetic medical clinics.
Properties of hyaluronic acid and its use in cosmetic formulations
Respondents answered multiple choice questions with one or several possible
answers. The collected data was then tested using Chi2 Statistica10
and the answers of women and men were compared. The assumed statistical
significance level was = 0.05 and 0.01.
The study involved 65 women and 30 men, representing 68% and 32%
of them respectively. The respondents were divided into five age groups
(up to 20 years, 21 – 30 years, 31 – 40 years, 41 – 50 years and more than 50
years). The largest group of respondents comprised women aged 21 – 30
(41%); with secondary education (46%); from cities with more than 100,000
inhabitants (43%); with salary of PLN 1001 – 1500 (33%). The smallest group
of respondents included those aged below 20 (4%); with elementary education
(0%); from cities with population of 5,000 (2%); income up to PLN 500 (4%).
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RESULTS
Analysis leads to a conclusion that 40 respondents, that is 42% (including 48%
of women and 52% of men), do not apply any cosmetic with hyaluronic acid
(while 58% do so).
Regarding the knowledge of side effects and the contraindications to use
HA, 66% claim they have no contraindications to use it, while only 34%
are aware that using hyaluronic acid might have adverse effects. Accordingly,
a vast number of respondents applies cosmetics enriched with hyaluronic acid
without specifically knowing their effects.
Among respondents, 72% claim that hyaluronic acid serves the role
of hydration stabiliser, slightly more than 43% believe that HA is an ingredient
in creams used both in winter and summer, whereas slightly fewer consider
it as an ingredient of cosmetics which are characterised by high level
of absorption (Table 1).
Conducting the Chi – square test, it was assumed in all responses that
p > 0.05 which means that there is no relation between the variables
and the difference is not statistically significant.
Table 1. Use of HA in cosmetic formulations
Total

Women

Men

%

N

%

N

%

N

test 
p

Ingredient in cosmetics of high
level of absorption

40

38

43.07

29

33.33

10

0.4992

Ingredient of creams used in
winter and summer

43.16

41

44.62

29

40

12

0.8420

Hydration stabiliser

71.58

68

72.31

47

70

21

0.8167

Respondents who do not use the abovementioned cosmetics with
hyaluronic acid comprise 42% of the group, 70% of whom are men (Table 2).
Among those who apply cosmetic formulations, the most popular ones
are masks (25%) and creams (28%). Statistical analysis allowed
for determining p > 0.05, which means that variables are not statistically
significant. One should bear in mind that acid is present in masks p = 0.0099.
In this case, masks are most commonly applied by women.
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Table 2. Used HA cosmetics
Total

Women

Men

%

N

%

N

%

N

test 
p

Masks

25.26

24

33.85

22

6.67

2

0.0099

Creams

28.42

27

33.85

22

16.67

5

0.1386

Lotion

17.89

17

20

13

13.33

4

0.6170

Serum

11.58

11

16.92

11

0

0

0.0402

Other

0

0

0

0

0

0

-

N/A

42.10

40

29.23

19

70

21

0.0004

Of all respondents polled, the answers regarding the aim of using
hyaluronic acid were evenly distributed, except for the answer “improves skin
firmness” which was selected by 19% of them (Table 3). With regard
to women, 60% said that cosmetics with hyaluronic acid are intended
for hydrating their skin. Among men, 57% claimed that the formulations
are used to reduce wrinkles. This might be connected with the media hype over
hyaluronic acid and its miracle rejuvenating properties. Most answers after Chi
– square test is not statistically significant p > 0.05, except for the “hydration”
answer, wherein p = 0.0002, and these are women who decide to use a cosmetic
with such purpose.
Table 3. Purpose of cosmetics’application
Total

Women

Men

%

N

%

N

%

N

test 
p

Hydration

46.32

44

60

39

16.67

5

0.0002

Wrinkle reduction

53.68

51

52.31

34

56.67

17

0.8613

Skin regeneration

52.63

50

53.85

35

50

15

0.8982

Skin elasticity

55.79

53

56.92

37

53.33

16

0.9162

Skin firmness

18.79

17

20

13

13.33

4

0.6170

Other

0

0

0

0

0

0

-

As shown in Table 4, 60% of women and 17% of men claim that using
cosmetics with HA brings expected results. The answer “yes” is statistically
significant p = 0.0002. Another significant answer is “not applicable”, which
reveals the lack of use of cosmetics among respondents (41%).
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Table 4. Cosmetics’ efficacy
Total

Women

Men
test 
p

%

N

%

N

%

N

(100)

(95)

(100)

(65)

(100)

(30)

Yes

46.32

44

60

39

16.67

5

0.0002

No

12.63

12

12.31

8

13.33

4

0.8888

N/A

41.05

39

27.09

18

70

21

0.0002

In the polled group, 66% declared no contraindications to use
hyaluronic acid, Table 5, (answer given by 60% of men and 80% of women).
Having conducted the Chi2 test, it was concluded that variables are not
statistically significant p > 0.05.
Table 5. Contraindications to the application of HA
Total

Women

Men

test 
p

%
(100)

N
(95)

%
(100)

N
(65)

%
(100)

N
(30)

Yes

46.32

44

60

39

16.67

5

0.0002

No

12.63

12

12.31

8

13.33

4

0.8888

N/A

41.05

39

27.09

18

70

21

0.0002

HA assessed by clients of beauty salons and cosmetic medical clinics
Employed survey form was solely aimed at women who use the services
of beauty salons and cosmetic medical clinics. Women answered multiple
choice questions with one or several possible answers. A total of 10 questions
were asked. The study was conducted in three different salons. Collected data
was used in Chi – square test, comparing the following answers: women 21 –
30 with women 41 – 50 years of age, as well as women aged 31 – 40 with those
over 50.
The study involved 67 women who were grouped into 5 age categories
(up to 20 years, 21 – 30 years, 31 – 40 years, 41 – 50 years, more than 50
years). The largest group comprised women aged 31 – 40 (36%). More than
half of respondents are women whose income per family member exceeds PLN
2000.
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RESULTS
Conducted research indicates that 42 women, which stands for 63%
of respondents, have reservations to the appearance and quality of their skin.
It constitutes the vast majority and confirms the trend for visiting “beauty
parlours”. The strongest objections to skin appearance was observed in women
aged 31 – 40 (Fig. 1).
3%
7%
26%

19%

45%

below 20 years

21-30 years

31-40 years

41-50 years

50 + years

Fig. 1. Objections to one’s skin appearance in view of the age

Therefore, 26 women (39%) confirmed using cosmetic medicine
treatments involving hyaluronic acid. The most frequently performed
procedures among women who declared using such treatments
are contemplated in Fig. 2.

14%
50%

34%

2%
mesotherapy

soft-filling

other

mezolift

Fig. 2. The most common cosmetic medicine treatments
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Fig. 2 shows that the most popular aesthetic treatment is mesotherapy.
The least frequently used one, on the other hand, is soft-filling. Treatments
labelled as “other” reached 34% and include volumetry, lip contour
and volume augmentation, nasolabial folds correction and valley of tears.
Statistical analysis
In the results’ analysis, women aged 21 – 30 and 41 – 50 were compared
and it appeared that stronger reservations towards one’s age is characteristic
of women in a more mature age – which did not come as a surprise. This
information is confirmed by 73% of them. In case of women aged 21-30
and over 50, the situation is reversed. Slightly more than 73% of women aged
31-40 do not accept their appearance. In women who are more than 50 years
old, it amounts to 60%, which may indicate greater maturity and acceptance
of the ageing process. Chi – square test shows that one of the variables is not
statistically significant p > 0.05 (Table 6).
Table 6. Objections to appearance and quality of skin
21 – 30 years

41 – 50 years

%

N

%

N

(100)

(15)

(100)

(15)

Yes

53.33

8

73.33

11

No

46.67

7

26.67

4

31 - 40 years
test 
p

50+
test 
p

%

N

%

N

(100)

(26)

(100)

(5)

0.4486

73.07

19

60

3

0.9585

0.4486

26.92

7

40

2

0.9585

Among women aged 21 – 30, 53% (Table 7) state that hyaluronic acid
might be used to reduce forehead lines, whereas less than 7% of them claim
that it can be used for breast or thighs augmentation. Women aged 41 – 50
usually declared that HA can reduce wrinkles around lips (53%). The smallest
number would use it for breast or thigh augmentation (13%). The same number
expresses no need for such corrections. Both groups of women agree on the use
of HA in reduction of wrinkles.
Comparing women aged 31 – 40 and over 50, women in both groups
replied that hyaluronic acid can be used for the correction of wrinkles around
lips (60%). The smallest number received in both groups assumed no need
for correction treatments (20%). According to chi2 test, there is no correlation
between variables.
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Table 7. Appearance improvements with the use of HA
21 – 30 41 – 50

test 
p

% N % N
53.33 8

Forehead wrinkles
Lines around mouth

31-40
%

test 
p

50+

N % N

40 6

0.7144

57.69 15 40 2

0.8123

33.33 5 53.33 8

0.6903

61.54 16 4060 3

0.9484

Lip contour and volume
augmentation

40

6 26.67 4

0.06985 41.15 12

Nasolabial folds

20

3

40 6

0

0.1501

0.4256

41.15 12 40 2

0.8001

6.67 1 13.33 2

0.5428

23.08 6 20 1

0.8802

I don’t need such treatments 26.67 4 13.33 2

0.6481

19.23 5 20 1

0.9682

Augmentation of breast,
thighs, etc.

0

In the group of women aged 21 – 30 the information concerning HA
was mostly found in media advertising. Such behaviour might indicate quite
a young age of respondents. Respondents aged 41 – 50 approached the subject
more seriously as 40% of them obtained information from a friend or doctor
(Table 8).
Regarding respondents aged 31 – 40, the majority (42%) looked
for information on the Internet. Women over 50 seek information in the media,
at a doctor’s appointment and on the Internet (40%).
It was assumed that in all answers p > 0.05, which means that there
is no data correlation.
Table 8. Source of information concerning HA
21 – 30
years

41 – 50
years

%

N

%

Media advertising

33.33

5

33.33

Friends

26.67

4

Doctor

20

Internet
Other

31 - 40
years

50+

test 
p

%

N

%

N

test 
p

5

1.0000

42.31

11

40

2

0.9237

40

6

0.6985

30.78

8

0

0

0.3778

3

40

6

0.4225

26.92

7

40

2

0.9585

26.67

4

26.67

4

1

42.31

11

40

2

0.9237

33.33

5

0

0

0.05

15.38

4

0

0

0.8325



N

Among women aged 21 – 30, 67% of them apply cosmetics enriched
with hyaluronic acid, whereas respondents aged 41 – 50 who apply such
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cosmetics comprise 53% (Table 9). As for female respondents aged 31 – 40
and above 50, the data is evenly distributed. In both groups women who use
cosmetic formulations with hyaluronic acid constitute 60%. Both Chi2 tests are
similarly distributed and are not statistically significant.
Table 9. Declaration concerning the usage of HA cosmetics
21 – 30 years 41 – 50 years
%

N

%

N

(100)

(15)

(100)

(15)

Yes

66.67

10

53.33

8

No

3.33

5

46.67

7

31 - 40 years
test 
p



%

50+

N test 
p
(26) (100) (5)
N

%

0.7094 61.58

16

60

3 0.9484

0.7094 38.46

10

40

2 0.9484

(100)

In each studied group (Table 10) the answer “no” was predominant,
which means that the majority of respondents does not use aesthetic medicine
treatments. Chi – square is not statistically significant, in each case p > 0.05.
Table 10. Declaration concerning the use of cosmetic medical treatments
21 – 30 years 41 – 50 years
%

N

%

N

(100)

(15)

(100)

(15)

Yes

33.33

5

46.67

7

No

66.67

10

53.33

8

31 - 40 years
test 
p

%

50+

N test 
p
(26) (100) (5)
N

%

0.7094 46.15

12

40

2 0.8001

0.7094 53.85

14

60

3 0.1093

(100)

The most frequently chosen answer no matter the age
was “not applicable” as the majority of respondents had not have any cosmetic
medical treatments before. Women who are not older than 50 saw the effects
immediately after the application of HA. This answer was given by 13%, 33%
and 19% of them respectively. Only women over 50 saw the first effects after
2 – 3 days (20%) or a week after the treatment (20%). All variables were not
statistically significant (Table 11).
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Table 11. Time after which first effects of HA treatment became visible
21 – 30 years 41 – 50 years
%
(100)

N
%
(15) (100)

N
(15)

test 
p

31 - 40 years
%
(100)

50+

N
% N
(26) (100) (5)

test 
p

Immediately

13.33

2

33.33

5

0.3880 19.23

5

0

0 0.6841

After 2-3 days

13.33

2

0

0

0.4642

15.8

4

20

1 0.7972

After a week

6.67

1

13.33

2

0.5428

7.69

2

20

1 0.9787

After a month

0

0

6.67

1

0.3091

3.85

1

0

0 0.6558

Not observed

0

0

0

0

-

0

0

0

0

N/A

66.67

10

46.67

7

14

60

3 0.8001

0.4612 53.84

-

CONCLUSIONS
The study results allowed us to draw the following conclusions:
1. Respondents’ knowledge of how hyaluronic acid works is scarce. They
associate it mostly with the “elixir of youth” phrase coined
by the media.
2. Respondents assess cosmetics and treatments involving hyaluronic acid
as highly effective. They are said to improve the appearance of facial
skin, moisturise it, and reduce wrinkles. 53% of women aged 21 – 30
state that hyaluronic acid might be used to correct forehead lines, 7%
of women of the same age claim that the same acid can be used
to enlarge the breasts or thighs. Women aged 41 –50 most often claim
that HA can reduce wrinkles around lips (53%). 13 would use
it to enlarge thighs or breasts.
3. First effects after treatments involving hyaluronic acid are observed
immediately after the application.Women up to 50 saw the effects
immediately after the application of HA. Only women over 50 saw
the first effects after 2 – 3 days (20%) or a week after application (20%)
4. Conducted surveys highlight clients’ growing interest in hyaluronic
acid (67% women aged 21 – 30, apply cosmetics enriched
with hyaluronic acid. respondents aged 41 – 50 who apply such
cosmetics comprise 53%, and 60 % of female aged 31 – 40 and above
50 use cosmetic formulations with hyaluronic acid constitute)
and its widespread application in cosmetic industry as an active
ingredient in, e.g. various types of emulsions.
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5. Hyaluronic acid treatments were used by 39% of polled women, which
means that they are less popular than cosmetics enriched with
hyaluronic acid which are used by 68% of them.
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STRESZCZENIE
Kwas hialuronowy, który naturalnie występuje w organizmie ludzkim z całą
pewnością można nazwać „eliksirem młodości”. Kosmetyki z jego dodatkiem
skutecznie wpływają na poprawę stopnia nawilżenia oraz natłuszczenia
naskórka. Wspomagają także redukcję zmarszczek i właściwą elastyczność
skóry.
Kwas hialuronowy bardzo chętnie stosowany jest w kosmetologii.
Również pacjenci gabinetów kosmetycznych coraz częściej korzystają
z zabiegów z jego wykorzystaniem, między innymi takich, jak mezoterapia,
soft – filling, mezolift, czy wolumetria.
Celem badań była ocena wpływu kwasu hialuronowego na organizm
człowieka oraz jego wykorzystanie w kosmetologii. Sprawdzano
jak popularne jest stosowanie kwasu hialuronowego i postrzeganie go jako
„eliksiru młodości” przez konsumentów.
Przedstawione w artykule badania przeprowadzono za pomocą dwóch
autorskich ankiet. Jedną skierowano do konsumentów preparatów
kosmetycznych, drugą natomiast do klientek klinik urody. W badaniu
dotyczącym zastosowania kosmetyków wzbogaconych w kwas hialuronowy
udział wzięło 95 osób (65 kobiet i 30 mężczyzn). Druga ankieta skierowana
była wyłącznie do kobiet (67), korzystających z usług gabinetów
kosmetycznych lub klinik medycyny estetycznej. Uzyskane wyniki poddano
analizie statystycznej z zastosowaniem testu chi kwadrat.
Słowa kluczowe: kwas hialuronowy, kosmetyki z dodatkiem HA, medycyna
estetyczna, świadomość konsumencka
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Abstract: The study assessed the effect of red beet extract concentration
on the properties of model cleaning formulations. Red beet extract is a source
of many valuable active ingredients including betalain pigments (betacyanins
and betaxanthins), vitamins (C, B1, B2, B6, P) and a range of macroand microelements (iron, calcium, sodium, potassium and others).
Its antioxidant properties are mainly attributable to betalain compounds which
have a protective function against reactive oxygen species and other free
radicals.
The study involved the development of compositions and technologies
for the manufacture of products differing in the percentage content of red beet
extract. A total of four samples were prepared for testing: one baseline sample
without red beet extract and three samples with compositions including the test
extract at three different concentrations: 1, 5 and 10 wt%. The tests focused
on determining the effect of extract concentration on selected physicochemical
and functional properties of cleaning formulations (antioxidant activity,
pH level, foaming ability, viscosity and stability). In addition, patch tests were
performed.
The test results showed that red beet extract included in the composition
of the cleaning formulations under study was a source of valuable ingredients
with antioxidant properties, and did not produce any adverse impact
on the physicochemical properties of the product. The best antioxidant
properties were determined for the product containing 5% of red beet extract.
The addition of the extract to the cosmetic products was not shown to affect
their stability, however it contributed slightly to a decrease in viscosity.
Increased extract concentrations were found to be linked to reduced viscosity
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levels. In addition, the formulations under study were shown to be safe for use:
none of them produced any skin reaction in epidermal patch tests. Based
on the study, it can be concluded that red beet extract can be successfully used
as a multifunctional active ingredient in cosmetics.
Keywords: Beta vulgaris, antioxidant activity, plant extracts, betalain pigment
INTRODUCTION
Natural plant materials are known to be rich sources of various cosmetically
active compounds which determine their valuable and desirable characteristics.
Natural plant-derived ingredients contain a range of beneficial vitamins,
macro- and microelements, proteins and amino acids, carbohydrates, fatty
acids, phospholipids, antioxidants and active substances. Extensive research
has shown plant-based materials to exhibit antibacterial, antiviral, antifungal
and antiinflammatory activities [Miliauskas, Venskutonis and Van Beek 2004;
Elser and Maibach 2005]. Natural materials are typically mild for the skin
and friendly to the environment. They stimulate natural skin regeneration
processes, supply the skin with nutrients, protect it and provide skin care and
beauty benefits. In addition, they have a potential to improve the functional
properties of cosmetics, and provide them with the desired consistency or scent
[Darelos and Thaman 2006; Dai and Mumper 2010].
Plant materials in various forms, including extracts, are often used
as ingredients in the cosmetic industry. They currently rank among the most
widely used and the most highly valued ingredient groups. The most common
method of obtaining extracts for cosmetic applications is single-stage solvent
extraction based on mixtures of water and propylene glycol or water
and glycerin as the extraction solvent. Depending on the technology,
the process can be conducted at room or elevated temperatures. A higher
extraction temperature considerably accelerates the process, however
at the same time it causes a decline in the concentration of biologically active
substances including vitamins, amino acids and proteins. The addition of plant
extracts to cosmetic products yields much better effects than the application
of individual biologically active compounds. Furthermore, complex chemical
compositions of extracts make it possible to obtain cosmetics with multifaceted benefits using just one ingredient [Barel, Paye and Maibach 2001;
Glinka and Brud 2003].
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Red beet extract can be included as one of plant extracts exhibiting
a multifaceted activity. An extract derived from the roots of red beets contains
multiple active substances. They include vitamins C, B1, B2, B6 and P,
and a wide range of micro- and macroelements such as calcium, magnesium,
iron, sodium and potassium. The antioxidant properties of red beet are chiefly
attributable to betalain compounds including betacyanins and betaxanthins
[Strack, Vogt and Schliemann 2003]. The main betacyanins found in red beet
are betanin and isobetanin. The main betaxanthins in red beet are vulgaxanthin
I and vulgaxanthin II.
Betalain pigments are used in the food and cosmetic industries
as colouring agents. They are most commonly used as a natural additive
in medicines and cosmetic products, both in the form of concentrates
and powders [Dornenburg and Knörr 1996; Georgiev et al. 2010]. They have
a two- to threefold greater colouring power than synthetic pigments,
and the hue of the pigments depends directly on the proportion of betacyanin
(red) and betaxanthin (yellow) pigments [Kanner, Harel and Granit 2001;
Czapski, Mikołajczyk and Kaczmarek 2009].
The present study was undertaken to demonstrate the benefits of using
an extract obtained from the roots of red beet in cleaning formulations.
The study involved an assessment of the effect of red beet extract
concentration on selected physicochemical and functional properties of
cleaning formulations (antioxidant activity, pH level, foaming ability,
viscosity and stability), and the development of model cleaning formulations.
MATERIALS AND METHODS
Extract preparation method
The study was carried out with red beets of the Chrobry variety. The plant
material was dried at 400C until constant weight was achieved. Red beet extract
was obtained using the method of continuous solvent extraction in a Soxhlet
extractor. The extract was produced from 10 g of ground root of red beet.
Distilled water was used as the extraction solvent. The process of extraction
was conducted for five hours counting from the start of boiling of the solvent
contained in the flask. The extract thus obtained was then passed through filters
made of Whatman filter paper 1. The finished extract was stored
in the refrigerator at a temperature of 40C.
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Antioxidant potential of the extract
DPPH
The ability of red beet extracts to neutralize the free radical DPPH• (1,1diphenyl-2-picrylhydrazyl) (Sigma-Aldrich) was determined with the method
described by [Brand-Williamis., Cuvelier and Berset 1995]. A 50 µM solution
of DPPH was mixed with the test sample of the extract or solvent at the ratio
of 1:1. The reaction mixture was incubated in the dark at room temperature
for approximately 30 minutes. As the next step, absorbance was measured
at the wavelength of 517 nm on an AquaMate spectrophotometer (Thermo
Scientific). 96% ethyl alcohol was used as a blank sample, whereas control
sample contained solution of DPPH with ethanol instead of extract.
The antiradical activity was calculated from the formula below :
% inhibition of DPPH radical = (1 −

As
) ∙ 100%
Ac

where: As – absorption of test sample; Ac – absorption of control sample
ABTS
An analysis of scavenging of the ABTS•+ radical cation (2,2-azino-bis(3ethylbenzothiazoline-6-sulphonate) was performed according to the method
proposed by [Re et al. 1999], modified by [Bartosza 2009]. ABTS (SigmaAldrich) was dissolved in phosphate buffer with pH = 7.4 and incubated
in the dark for 16 hours. Prior to the measurement the ABTS •+ solution
was diluted so that the absorbance at the wavelength λ=414 nm
was approximately 1. Next, a 0.02 ml portion of diluted extracts
(1.50–25 mg/ml) was added to 0.98 ml of the ABTS•+ solution. After
incubating the mixture at room temperature for 10 minutes absorbance
was measured at the wavelength λ=414 nm. The extent of radical cation
reduction (in %) was calculated from the formula:
% inhibition of ABTS•+ radical = (1 – As / Ac) x 100%

where: As – absorption of test sample; Ac – absorption of control sample
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Determination of betalain pigment content
The content of betalain pigments was determined by the method proposed
by [Nillsona 1980]. The content of betacyanin pigments was expressed
as betanin, and the content of betaxanthin pigments – as vulgaxantin I.
The analyses were performed using 0.5 ml of the filtrate which
was diluted with phosphate buffer (pH 6.5) to a volume of 50 ml.
The absorption of the solution was measured at three wavelengths: 600, 538
and 476 nm. The pigment content was expressed in mg∙100 gˉ 1 fw,
and it was calculated from the formula below:

X

A V  R
1
 M  E 1cm 1%
10

where: A – pigment absorption, V – volume prepared for measurement, R –
degree of extract dilution, E 1cm1% – pigment extinction coefficient, M – weight
of sample in the measurement solution
Preparation of prototypical shower gels
A prototypical shower gel containing red beet extract was designed
and prepared (Table 1). Cleaning formulations enriched with red beet extract
were made according to the standard procedure. Lauryl Glucoside
was dissolved in distilled water heated to 50-600C. Following dissolution,
other ingredients were added to the mixture. Sodium Benzoate and Potassium
Sorbate were used as preservatives for the cleaning formulations. The pH level
was adjusted to 5.5.
Table. 1. The formulations of model wash gels
Ingredient name according INCI

Ingredient content in formulation [%]
base

1%

5%

10%

Lauryl Glucoside

10

10

10

10

Cocamidopropyl Betaine

1,5

1,5

1,5

1,5

Xnathan Gum

0,8

0,8

0,8

0,8

Beetroot Extract

0

1

5

10

Citric Acid

0,5

0,5

0,5

0,5

Sodium Benzoate, Potassium Sorbate

0,5

0,5

0,5

0,5

Aqua

up to 100
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A total of four cleaning formulations were prepared for testing: one
baseline sample without red beet extract and three samples with compositions
including the extract under study at three different concentrations, i.e. 1, 5
and 10 wt%. The cleaning formulations thus obtained were analyzed
to determine their physicochemical and functional properties. The parameters
assessed included the pH level, viscosity, stability, foaming ability and foam
stability. In addition, patch tests were performed.
pH measurements
The pH levels of the cleaning formulations under study were determined
by direct measurements in the test samples using a pH meter (Elmetron CPS
411).
Viscosity test
Viscosity was measured at a temperature of 250C by means of a rotary
viscometer (FungiLab Expert). The measurement was performed with
the spindle rotating at 10 and 100 rpm. The measurement was repeated five
times for each test sample.
Foaming ability and foam stability
Foaming power was assessed according to the modified Ross-Miles method
(PN-ISO 696:1994P). Briefly, 500mL of 1% solution of cleaning formulation
was placed in separatory funnel of Ross-Miles apparatus and 50mL of same
solution was placed in receiving chamber located 30 cm below the vent
of separatory funnel. The liquid from separatory funnel was released with
the uniform flow to receiving chamber, what resulted in foam formulation.
The volume of foam was measured immediately after total evacuation
of solution from separatory funnel. Each test was performed in three replicates.
The test also involved the determination of foam stability which
was calculated from the formula below:
Sp= vt/vo ;100%
where:
Sp – foam stability [%],
Vt – foam volume after time t = 10 minutes [cm3],
V0 – foam volume after time t = 1 minute [cm3].
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Stability of cleaning formulations
The studied cleaning formulations were subjected to the following cosmetic
stability tests:
- temperature load test: the test samples were stored at 5, 25 and 45 0C
for three months. During that period, the physical appearance and pH
level of the cleaning formulations were evaluated every seven days.
- mechanical load test: 48 hours after preparation test samples were spun
in a centrifuge at 3,500 rpm for 60 minutes at three different
temperatures: 4, 25 and 340C. An MPW 260R centrifuge was used
for the tests.
Patch tests
The products were evaluated for safety in a group of 20 testers, using IQ Ultra
patch test chambers. The study was carried out in a group of 20 healthy
individuals (10 women and 10 men) aged between 20 and 40 years. None
of the study’s participants had taken any medications for at least two weeks
prior to undergoing epidermal patch tests. Information on the health status
of the subjects was obtained by taking their medical history prior to the tests
and subjecting them to a diagnostic skin test performed by a cosmetologist.
The epidermal patch tests were conducted using IQ Ultra test chambers
from Chemotechnique Diagnostics. The patch test unit has 10 test chambers
(two rows of five chambers each) mounted on adhesive carrier tape. The test
was performed with four chambers, with the test formulations containing
the extract at various concentrations (1%; 5%; 10%) applied into them. A 30 μl
portion of the test material were placed in each chamber in accordance with
the manufacturer’s instruction. First, the test chambers were filled with the test
formulations and then the patches were applied onto the skin on the testers’
backs and left for 48 hours. The assessment of skin reaction was performed
immediately after patch removal and afterwards at defined time points (at 72,
96 and 168 hours). The epidermal patch tests were conducted in compliance
with guidelines issued by the International Contact Dermatitis Research Group
[Draelos and Dover 2011].
Error Analysis
The points in the charts represent mean values from a series of three or ﬁve
independent measurements. The t-distribution was used to calculate
conﬁdence limits for the mean values. Conﬁdence intervals, which constitute
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a measuring error were determined for the conﬁdence level of0.90. Error
values are presented in the Figures.

RESULTS AND DISCUSSION
Free radicals are responsible for causing many adverse skin reactions.
As a consequence of numerous biochemical reactions, they can play a part
in the degradation of proteins present in the skin, including collagen or elastin,
and the acceleration of aging processes. They can also damage cellular DNA,
ultimately leading to skin diseases such as psoriasis or cancer. It is therefore
vital to supply the skin with antioxidants which have the ability to neutralize
free radicals [Aburjai and Natsheh 2003; Arct and Pytkowska 2008; GawełBęben et al. 2015]. The study comprised an analysis of the antioxidant
potential of red beet extract. The studied extract was distinctive for its high
content of antioxidant ingredients. Depending on the degree of dilution,
the extract obtained from red beet had potent antioxidant activity. The highest
DPPH• scavenging ability was observed for the extract at the concentration
of 5 mg/ml. The value was found to decrease along with increasing dilutions.
Nevertheless, even at the extract concentration of 0.04 mg/l the DPPH radical
inhibition rate was approximately 15%. The ABTS scavenging ability was
slightly lower than at the concentration of 5 mg/ml, and reached approximately
70%. As the dilution increased, the radical inhibition rate gradually decreased.
Detailed data are shown in Figure 1. The analyses provide evidence
for powerful antioxidant properties of the extracts derived from red beet.

% DPPH scavenging

100

DPPH

ABTS

80
60
40
20
0
0,025

0,05

0,1

0,2

0,4

0,8

1,6

3,2

6,4

concentration mg/ml

Fig. 1. Analysis of antioxidant properties (DPPH, ABTS methods) in samples of red
beet extract
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concentration [mg/100g f.w]

The antioxidant activity of the extract is attributable primarily to betalain
pigments and in particular to their phenolic group [Grajek 2007]. Pigments
found in red beet can be divided into red betacyanins and yellow-orange
betaxanthins. According to [Mikołajczyk and Czapski 2006; Stintzing
and Carle 2007], there is a positive correlation between the content of red
pigments in beet juice and their antioxidant abilities. However, no clear
relationship was identified between the presence of yellow pigments
and the antioxidant ability. The present study assessed the content
of betacyanin pigments (betanin) and the content of betaxanthin pigments
(vulgaxantin) in red beets of the Chrobry variety. In the plant extract under
analysis the betanin content was 260 mg·100 gˉ¹ fw. Compared to the literature
data, the value was relatively high. Based on analyses carried
out by [Biegańska-Marecik, Czapski and Błaszczyk 2007], the red pigment
content in the Chrobry variety ranged from 23 to 300 mg·100gˉ¹ fw. Studies
conducted by [Mikołajczyk and Czapski 2006] demonstrated the red pigment
content in the Chrobry variety to be 220 mg∙100 mlˉ¹.
Studies determining the content of yellow pigments in red beet roots
found the content of vulgaxantin to be 97 mg·100gˉ¹ fw. Research conducted
by [Mikołajczyk and Czapski 2006] to assess the content of yellow pigments
in the roots of red beets of the Chrobry variety found that they contained 125.7
mg∙100 mlˉ¹ of vulgaxantin. According to studies by [Felczyński and Elkner
2008], the content of vulgaxantin in the roots of red beets of the Chrobry
variety was 84.5 mg∙100 gˉ¹. Measurement results are shown in Figure 2.
300
250
200
150
100
50
0
Betanin

Vulgaxantin

betalain pigment

Fig. 2. Total content of betalain pigment in beetroot extract
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The analyses also demonstrated that the Chrobry variety had a good
pigment ratio amounting to 2.68. Similar observations were made by BruchKowalska and Wąsik (1995), who reported that the betacyanin to betaxanthin
ratio in beets varied from 2.5 to 3.0. The higher the content of betacyanin
pigments, accompanied by a low proportion of betaxanthin pigments,
the darker the colour of the solution. At present, betanin is used in a variety
of products as a red pigment which, in its pure form, has a two- to threefold
greater colouring power than synthetic pigments [Mglinets and Osipova 2006;
El-Tantawy and Eisa 2009].
The extract under analysis was applied at different concentrations
in the model shower gels, after which the physicochemical properties
of the products were assessed. Viscosity measurements failed to reveal
significant differences between the products under study. Dynamic viscosity
measurements were performed for two different rotational speeds
of the viscometer spindle: 10 and 100 rpm. The dynamic viscosity
of the cleaning formulation at the rotational speed of 10 rpm oscillated at about
4,000 mPa·s. The incorporation of 1% and 5% of the red beet extract into
the formulation was not shown to significantly affect that parameter. A 10%
addition of the extract into the sample caused a decrease in viscosity
to approximately 3,000 mPa·s compared to the baseline sample. In the course
of testing, a decrease in the parameter under analysis was found to be correlated
with an increase in the rotational speed of the spindle. Measurements
performed at the rotational speed of 100 rpm remained at a similar level for all
the products studied: from about 1,100 mPa·s for the baseline sample to 900
mPa·s for the sample containing 10% of the extract. The result of decrease
in dynamic viscosity of the masks together with the spindle speed increase
is desirable. High shear rates should result in strong reducing of the viscosity
of the product. This will positively affect on the easyness of application
of the product and on the lack of excessive resistance during its application
to the skin. Detailed measurement results are shown in Figure 3.

201

Dynamic viscosity [mPa∙s]
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Fig. 3. Viscosity of model wash gels

The foaming ability of cleaning formulations is the main criterion
determining their perceived quality. The addition of beet extract
at the concentrations of 1% and 5% to the formulation contributed
to an increase in the volume of foam from 300 cm3 for the baseline
formulation to 380 cm3 for the formulation containing 5% of the extract. At
the 10% content of the extract in the cleaning formulations, the foaming
properties were observed to decrease by 34% compared to the formulation
containing 5% of the extract. The results are shown in Figure 4.
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Fig. 4. Foam ability of model wash gels
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Another studied aspect was foam stability (Figure 5). The test results
demonstrated the highest foam stability (91%) for the formulations containing
1% of the extract. In contrast, the lowest foam stability was observed
for the formulation containing 10% of the plant extract: a 12% decrease
in stability compared to the baseline sample was noted.
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Fig. 5. Foam stability of model wash gels

The cleaning formulations prepared for the study were found
to be relatively stable (Table 2). No visible signs of instability were revealed
in the so-called centrifugation tests (60 minutes at the speed of 3,500 rpm).
Similarly, the studied formulations performed very well in stability tests both
at elevated and reduced temperatures. None of the samples became separated
into phases under the effect of the centrifugal force. Likewise, no changes
in appearance, colour and odour were noted in the samples.
Tab. 2. Stability of model wash gels
Thermal load

Mechanic load

Sample
signature

0

5C

0

45 C

0

4C

200C

380C

base

+

+

+

+

+

1%

+

+

+

+

+

5%

+

+

+

+

+

10%

+

+

+

+

+

The tests of the formulations developed for the purpose of the study also
comprised patch tests which are routinely used for the evaluation of safety
203

of cosmetic products. An assessment of the irritant reaction (IR) is typically
performed using a 4-grade scale developed by [Spiewak 2008; Draelos
and Dover 2011].
The tests prove that the addition of the extract under study triggers
no allergic response in adults. Additionally, after rinsing the formulations after
test, no leftovers of any substances or pigments have been observed. Based
on the test results, it can be concluded that the extracts under investigation
can be successfully used as an active ingredient in cosmetic products.
CONCLUSION
The study showed the beet extract to have a potential application
as a multifunctional active ingredient in body wash cosmetics. Thanks to a
high content of betalain pigments it has a potent antioxidant activity.
Based on the results, it can be stated that red beet extract added
to the composition of model washing formulations does not induce a decrease
in their stability. Although the use of the extract causes a slight drop in product
viscosity, the parameter remains at a level typical of cleaning formulations.
With regard to foaming ability, it was shown to rise in response to an increase
in extract concentration to 5%. The findings of the study indicate that
the extract under investigation can be successfully used as an active ingredient
in cosmetics.
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STRESZCZENIE
W pracy analizowano znaczenie stężenia ekstraktu z buraka ćwikłowego
na właściwości modelowych preparatów myjących. Ekstrakt z buraka
ćwikłowego jest cennym źródłem składników aktywnych, takich jak barwniki
betalainowe (betacyjaniny i betaksantyny), witaminy (C, B1, B2, B6, P)
oraz liczne makro i mikroelementy (m.in. żelazo, wapń, sód czy potas).
Za właściwości antyoksydacyjne odpowiedzialne są głównie związki
betalainowe, które pełnią funkcję ochronną przed reaktywnymi formami tlenu
oraz innymi wolnymi rodnikami.
W toku przeprowadzonych prac opracowano receptury i technologie
wytwarzania produktów różniących się zawartością procentową ekstraktu
z buraka. Do badań przygotowano 4 próbki: próbkę bazową pozbawioną
ekstraktu z buraka ćwikłowego oraz trzy próbki zawierające w recepturze
badany ekstrakt, stosowany w stężeniach 1, 5 i 10% wag. Oceniono wpływ
stężenia ekstraktu na wybrane cechy fizykochemiczne i użytkowe preparatów
myjących (aktywność antyoksydacyjną, pH, właściwości pianotwórcze,
lepkość, stabilność). Wykonano również testy płatkowe.
Uzyskane wyniki wykazały, że zastosowany w recepturach preparatów
myjących ekstrakt z buraka ćwikłowego stanowi źródło cennych składników
mających działanie antyutleniające, nie wpływając przy tym na pogorszenie
właściwości fizykochemicznych produktu. Najlepszymi właściwościami
antyoksydacyjnymi cechował się produkt zawierający 5% ekstraktu z buraka.
Wprowadzenie tego ekstraktu do produktu kosmetycznego nie wpłynęło
na zmianę ich stabilności jednak nieznacznie wpłynęło na obniżenie lepkości.
Wraz ze zwiększaniem stężenia ekstraktu zmniejszała się lepkość. Wykazano,
ze badane preparaty są bezpieczne w stosowaniu – żaden z analizowanych
preparatów nie wywołał zmian na skórze po przeprowadzeniu naskórkowych
testów płatkowych. Na podstawie przeprowadzonych badań wykazano,
że ekstrakt z buraka ćwikłowego może być stosowany jako aktywny,
wielofunkcyjny składnik kosmetyków.
Słowa kluczowe: Beta vulgaris, działanie antyoksydacyjne, ekstrakty roślinne,
barwniki betalainowe
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Abstract: The paper presents the results of research on preparation
and production oat straw extract (Avena sativa L.) for use in cosmetic
formulations. The first stage of following research was the development
of the extraction technology - Ultrasound-assisted extraction (UAE)
with mixture of plant propanediol and water (50:50 w/w) as an extractant was
used in assay. It was assumed that raw material should fulfill the requirements
for raw materials dedicated for production of natural cosmetics. Their
properties should also allow creating high quality skin care cosmetics. Plant
material – oat straw from Polish cultivars - used in assay was purchased in local
market. After selecting the extraction technique and preparation of prototype
extract, it was subjected for further research over its bioactive properties
and the role in model skin care emulsions.
Conducted assays showed that oat straw extract had high antioxidant
abilities. Moreover it also contained significant levels of bioactive compounds
as polyphenols and flavonoids. To assess the role of extract in model skin care
products three model cosmetic emulsions were developed: first emulsion
contained subjected extract (10% w/w), second - equivalent portion of water
and propanediol mixture (50:50 w/w). Third sample, used as a reference,
contained water in place of substances applied in first and second emulsions.
Physicochemical tests proved that all emulsions were stable and have
nearly equal viscosity. Dermatological assay – patch test – indicated that all
emulsions were safe to use – during the research no adverse effects were
observed. Emulsion with the addition of oat straw extract was characterized
by the highest ability of skin moisturizing in corneometric test.
On the basis of obtained results, it could be assumed that the oat straw
extract could be beneficial ingredient for the production of skin care emulsions.
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INTRODUCTION
Plants have been used as drugs and cosmetics by humans since thousands
of years ago. Knowledge about their properties was handed from one
generation to next, but now it is confirm by many researcher. Research with
raw materials showed wide range of pharmacological and cosmetics activities,
which depends from chemical compounds in parts of plants – flavonoids,
saponins, alkaloids, coumarins, resins or essential oils. The studies showed that
the chemical compounds depends from part of plants and they active
compounds may have synergetic, antagonistic or different properties.
The chemicals of raw material are cause to prepare products like drugs
or cosmetics. Actually cosmetics products containing substances of plant
origin are very popular in cosmetics industry. Plant-based materials have
a positive effect on the condition and functioning of all types of the skin
and in many dermatological diseases such as atopic dermatitis, seborrhoeic
dermatitis, eczema, acne vulgaris, rosacea, erythrema, allergic or irritant
contract dermatitis [Fabbrocini and Saint Aroman 2014; Stadler et al. 2014;
Cosmetics Ingredient Review 2015].
One of the well-know herbal plant used in cosmetology and medicine
is oat (Avena sativa L.). Raw material obtained from oat and have a positive
therapeutic effect are: oat herb (Avenae herba), oat straw (Avenae stramen),
oat kernel (Avenae fructus), and oat bran, oat flour, oat sprout oil. The review
of cosmetics market and researches shows that the oat have wide range
of cosmetics products for skin care such as hypersensitive skin, atopic
dermatitis, acne vulgaris and for babies and children skin [European Medicines
Agency 2008; Fabbrocini and Saint Aroman 2014; Stadler et al. 2014].
The paper presents the results of research of oat straw extract for use
in cosmetics formulations.
Oat straw – raw material of oat (Avena sativa L.) contains carbohydrates:
β-glucan, sucrose, pentosans, ketose, neocestose, bifurcose, neobifurcose,
galactoascorbocoxylates and silicic acid in soluble form and micronutrients
such iron, manganese, zinc [Jóźwiak et al. 1994; Wichtl 2004; European
Medicines Agency 2008; Al-Snafi 2015].
Steroid saponins (Avenacoside A and Avenacoside B) are present also
in oat straw [European Medicines Agency 2008; Glinka and Glinka 2008].
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The paper presents the results of research on cosmetics with oat straw
extract and it bioactive and physicochemical properties of skin care cosmetics.
MATERIALS AND METHODS
Chemicals and plant material
All solvents and chemicals used in assay were of analytical grade: Gallic acid,
quercetin hydrate, 2,2-dyphenyl-1-picrylhydrazyl (DPPH) were obtained from
Sigma Aldrich Chemicals; Folin-Ciocalteu phenol reagent was purchased from
Merck, Darmstadl, Germany, Sodium carbonate anhydrous (Na 2CO3),
Aluminium nitrate nonahydrate (Al(NO3)3x9H2 O). was purchased from
Chempur Poland; potassium acetate (C2H3KO2) was purchased from POCH
SA Poland. Organic solvents (ethanol) was purchased in Honeywell Speciality
Chemicals Germany; plant derieved propanediol was purchased in EcoSpa
Poland.
Plant material (dried aerial parts of Avena sativa L. stramen) produced
by Taheebo Poland was purchased in local market.
Preparation of plant extract
Plant material was ground to a powder andsieved through the sieve with
a diameter 0,5 mm. 10 g of material was mixed with 250 g of extractant (water:
propanediol 50:50 (w/w)) and extracted for 30 min in assistance of ultrasound.
After period of UAE extraction mixture was mixed at 400 rpm
for 12 h on magnetic stirrer. Obtained extract was decanted and filtred twice
through Whatman no. 10 filter under reduced pressure. At the end, the extract
was stored in dark glass bottle at 4°C prepared for the tests.
Determination of total phenolic content
The total phenolic content from plant extract was determinated
spectrophotometrically by the Folin-Ciocalteu method according
to the procedure reported by Singleton et al. [1999]. with modification
by Matejić [2012]. 300 μl of plant extract solution and 1500μl of 1:10 FolinCiocalteau reagent were mixed and after 6 minutes in the dark
1200 μl of sodium carbonate (7.5%) was added. After 2 h of incubation
in the dark at room temperature, the absorbance at 740nm was measured
(Aquamate Helion (Thermo Scientific)). The total phenolic concentration
was calculated from a gallic acid (GA) calibration curve (10-100 mg/L). Data

210

were expressed as gallic acid equivalents (GA)/L of extract averaged from
5 measurements.
Determination of total flavonoid content
The total flavonoid content of plant extract was evaluated using aluminium
nitrate nonahydrate (Al(NO3)3x9H2O) according to the procedure reported
by Woisky and Salatino [1998] with modification by Matejić [2012].
The sample for determination was prepared by mixing 600μl of plant
extract solution and 2400 μl of mixture (80% C2H5OH, 10% Al(NO3)3 x 9 H2O
and 1M C2H3KO2). After 40 min of incubation at room temperature,
the absorbance at 415 nm was measured using a Aquamate Helion (Thermo
Scientific) spectrophotometer. The total flavonoid concentration in extract
was calculated from a quercetin hydrate (Qu) calibration curve (10-100 mg/L)
and expressed as quercetin equivalents (Qu)/L of extract averaged from
5 independent measurements.
DPPH• radical scavenging activity
Antioxidant activity of plant extract was analyzed using DPPH free radical
scavenging assay, according to the method described by Brand-Williams,
Cuvelier and Berset [1995]. DPPH is a stable free radical, which accepts
an electron and forms a stable molecule. 50 µM ethanol solution of DPPH
was mixed with analyzed sample or appropriate solvent in a 1:1 ratio.
The reaction mixture was mixed and incubated at room temperature
for 30 minutes, in darkness. The absorbance was measured against the blank
(96% ethanol) at λ=517 nm, using UV-Vis Aquamate Helion (Thermo
Scientific) spectrophotometer. DPPH solution mixed with equal volume
of distilled water served as a control. The percentage of the DPPH radical
scavenging was calculated using the equation:
% of DPPH•scavenging = [1 – (As/Ac)] x 100%
where:
As – absorbance of the sample, Ac – absorbance of the control.
Each assay was performed in triplicates. (The IC50 value was defined
as a concentration of antioxidants present in the analyzed sample require
to scavenge 50% of DPPH).
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Formulations of model cosmetics
Base on prior experiences and informations from literature, prototypical
cosmetics formulations were developed (Tab. 1.).
Table.1. Formulations of model cosmetics
Phase

A

B

C

Ingredient content in
formulation [%]

Ingredient name
according INCI

Function in formuation

Aqua

Solvent

Glycerin

Humectant

6

6

6

Avena sativa Straw
Extract

Active compound

-

-

10.0

5

5
(as an
ingredient
of extract)

E1

E2

E3

up to 100

Plant Derived Propylene
Glycol

Humectant

Paraffinum Liquidum

Emolient

8.4

Helianthus Annuus
(Sunflower) Seed Oil

Emolient

4.0

Butyrosprmum Pakii
(shea) Butter

Emolient

2.4

Glyceryl Stearate

Coemulsifier

3.8

Ceteareth-20

Emulsifer

5.3

Cetearyl Alcohol

Coemulsifier, regulator
of consistency

4.0

D-panthenol

Active compound

1.2

Tocopheryl Acetate

Active compound

1.0

Dehydroacetic Acid

Presetrvative

0.4

Benzyl Alcohol

Presetrvative

0.2

-

Model creams were prepared according standard procedure components of water phase (Phase A, Tab. 1,) and oil phase (Phase B, Tab. 1.)
were weighed in separate beakers and were heated to 70°C.When phases
A and B were heated to a predetermined temperature, oil phase was introduced
to water phase with intensive mixing and then emulsions were homogenized
(homogenizer IKA T18 Ultra-Turrax). After homogenization process
the emulsions were cooling. Upon cooling of emulsions to a temperature 35°C
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was introduced Phase C (Tab. 1.). After adding all the components, emulsions
were again stirred and homogenized.
Stability of model products
Stability tests of model cosmetics were performed using centrifuge test:
48 hours after the preparation, emulsions were subjected to centrifugal force
(Centrifuge MPW 260R). Conditions of the measurements: 3000 rpm,
10 minutes.
Viscosity of model products
A Fungilab Expert rheometer was used to viscosity tests. Measurements were
carried out at room temperature 25°C with a rotary speed of spindle 3 rpm.
A viscosity value was average values obtained from five independent
measurements.
Determination of the skin hydratation
The skin hydratation after model cosmetics application was determinated
by using corneometry – Skin Hydration Measurment method. Corneometer
CM825 probe with MPA6 basis, Courage Khazaha electronic GmbH,
Germany was used to test. On the forearm skin (defatted with ethyl alcohol)
was marked 4 areas of 15mm x 15mm. On the areas no. 1, 2, 3 was applied
0,1g model cosmetics (no.1 – with only water, no. 2 – with water and plant
propanediol and no. 3 with plant extract). The last area was left as control
(samples were not applied to them). Samples were lightly rubbed on the skin.
Skin hydration measurments were made after 15, 60 and 120 minutes after
aplications. For each area there were performed 5 measurments. The change
of skin hydration was calculated by mathematical formula:
SH=(Ha-Hb/Hb) x 100% [%]
where:
Ha – skin hydration in area after time t, Hb – skin hydration in control area
after time t
Patch test
The study was performed in a group of 17 healthy people (10 women
and 7 man) aged between 19 – 51 years. None of the study participants
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had taken any medications for minimum of two weeks before the epidermal
patch tests. Information about the health of the participants was obtained
in an interview before the patch tests. The study was performed by person
qualified in conducting the epidermal patch test. First was performed open
tests. The material (model cosmetics) was applied on the skin of participants
and first test were read after 15 minutes, then after 30, 45 minutes and finally
after 1, 2, 6 and 24 hours after applications model cosmetics. In case of lack
of irritant reaction after 24 hours epidermal patch tests was introduced
[Śpiewak 2008; Draelos and Dover 2011; Institute of Dermatology in Cracow
2014].
The epidermal patch tests were conducted using IQ Ultra test chambers
Chemotechniqe Diagnostic consisting of patches, each one used to place five
compartments in two rows (a total of 10 compartments on one patch).
To the patch tests was used two chambers with model cosmetics as a hapten
(no.1 – cosmetic with only water, no. 2 – with water and plant propanediol
and no. 3 with plant extract). 30 µl portions of hapten (test material) were
transferred into each chamber - according to the manufacturer's
recommendations [Śpiewak 2008; Institute of Dermatology in Cracow 2014].
The epidermal patch tests were conducted in compliance with guidelines
issued by the International Contact Dermatitis Research Group. Three identical
patches with test material (with three model cosmetics) were applied on skin
on the back of respondents. The first patch was removed after 24 hours and
the second one (if no allergic reaction was observed) after a further 24 hours,
then again after 96 hours from application of the first test. Interpretation
of the results was carried out in accordance with international recording system
epidermal patch test results [Institute of Dermatology in Cracow 2014].
The scale for the interpretation of patch test results:
 IR Irritant reaction
 +++ Extreme positive reaction
 ++ Strong positive reaction
 + Weak positive reaction
 ?+ Doubtful reaction [Draelos and Dover 2011; Institute
of Dermatology in Cracow 2014].
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RESULTS AND DISSCUSION
Antioxidant activities of oat straw extract
The antioxidant activity of the oat extract is predominantly polyphenol
compounds, such as hydroxybenzoic or hydroxycarbonic acids. Moreover, oat
grain contains also other compounds of antioxidant effect such as: amides,
alkylene, flavonoids and aventramides [Gąsiorowski and Cierniewska 1995;
Finley 2004; Yeh et al. 2004]. Emmons and Peterson [1999] showed positive
correlation between level of polyphenols and an antioxidant activity. They also
observed that ability of phenolic acids to neutralize free radicals is dependent
on the number of hydroxyl and methoxyl groups [Rice-Evans et al. 1996;
Gibiński et al. 2005].
As a result of conducted research the content of polyphenols
and flavonoids have been analized. The content of polyphenols in oat straw
extract, where dissolvent was propanediol and water (in proportion 50/50)
equaled 247,9mg/L. After adequate calculations (extract density 1,02g/mL;
polyphenols content about 0,23mg/g of extract), this value equals about
1/3 comparing to the polyphenols content in ethanol extract described by Łajs
[2013], where content of this ingredients was 0,6mg/g of extract. The content
of flavonoids has been measured on the level of 154,6 mg/L (0,15 mg/g
of extract) which value is of a half higher than the content of flavonoids
in ethanol extract (0,10 mg/g) observed by Łajs [2013].
The results of the total phenolic and flavonoid content determination
of the examined plant extract are presented in Figure 1.
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300,0

250,0

247,4
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154,6
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100,0
50,0
0,0
polyphenols

flavonoids

Fig. 1. Total concentration of bioactive compounds: polyphenols expressed
as miligramequivalents of gallic acid [mgGA/L] and flavonoids expressed
as miligramequivalents of quercitin [mgQU/L]

Basing on conducted research, it was shown that the oat extract
is characterized by good antioxidant properties and also depended
on the content of extracts ability to neutralizing free radical. For the content
5,8 mg ml-1 it is 51% and while successive dilution steps the ability
for neutralizing free radical decreases significantly. Positive properties
of substances contained in oat straw make that extract from this plant
may be successfully used as an effective ingredient in cosmetic products
[Emmons et al. 1999]. Antioxidant properties of the oat straw extract presents
in Figure 2.
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Fig. 2. Antioxidant properties (DPPH methods) of the oat straw extract

Stability of model products
After stability tests, there were no signs of the emulsions instability, such
as delamination, sedimentation and phase inversion. There were also
no changes in the appearance, colour, odour of samples and viscosity.
The introduction of the oat straw extract after cooling the emulsion does not
affect of stability of the model cosmetic.
Viscosity of model emulsions
A very important quality attribute of skin care cosmetics is viscosity. Too high
a viscosity of the cosmetic may cause difficulty in spreading of the product
on the skin and not good feeling after application but also too low consistency
(viscosity) may cause spillage of the product on the hand. All of the model
emulsions were similar viscosity. Dynamic viscosity of the analyzed model
emulsions is shown in Figure 3.
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Fig. 3. Dynamic viscosity of model emulsions
E1 – emulsion with water as a solvent; E2 – emulsion with water and plant propanediol
(50:50 w/w); E3 – emulsion with oat straw extract

Skin hydration measurements
The results show that the emulsion with oat straw extract has a moisturizing
properties and may be used in skin care cosmetics. After 15, 60 and 120
minutes after applications on the skin was observed the higher moisturizing
value than for the control field. The skin hydration after 15 minutes after
application emulsion with oat straw extract (E3) was about 15% higher
in relation to a emulsion with water (E1) and 11% higher in relation
to emulsion with water and plant propanediol (E2). The skin hydration after 60
minutes after application emulsion with oat straw extract (E3) was about 9%
higher in relation to a emulsion with water (E1) and 5 % higher in relation
to emulsion with water and plant propanediol (E2). The skin hydration after
120 minutes after application emulsion with oat straw extract (E3) was about
12% higher in relation to a emulsion with water (E1) and 4% higher in relation
to emulsion with water and plant propanediol (E2). A decrease in the skin
hydration was observed 2 hours after application the model emulsions
on the skin, but the best moisturizing properties in time has emulsion with oat
straw extract. The results of skin hydration properties are show in Figure 4.
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Fig. 4. The results of hydration measurments
E1 – emulsion with water as a solvent; E2 – emulsion with water and plant propanediol
(50:50 w/w); E3 – emulsion with oat straw extract

Patch test
After testing opened with any non-allergic reaction to formulations, therefore,
epidermal patch tests were performed. After the first patch in any
of the subjects had allergic changes were observed in the skin, the same results
were obtained after removing the second patch. Comparable information
are present in Cosmetics Ingredient Review [2015], which shows non irritant
properties by oat straw extract.
CONCLUSIONS
The results of research demonstrated that oat straw extract may be used
as valuable ingredient of skin care cosmetics because it has antioxidant
capacity (it content polyphenols and flavonoids). Corneometric tests shows
that model cosmetics with oat straw extract has good mosturizing properties.
Cosmetics with oat straw extract is safe in use and shows no allergenic
properties, which was confirmed by patch testing. Moreover the results show
that addition of the oat straw extract to model cosmetics formulations
does not effect of stability or viscosity and it remains at levels characteristic
of cosmetics emulsions. The water extract has less antioxidant properties than
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ethanol extract but it has better in use for cosmetics formulations, because
it is safe, shows no irritant and drying properties for the skin.
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STRESZCZENIE
W artykule przedstawiono rezultaty badań nad opracowaniem ekstraktu
pozyskiwanego ze słomy owsa zwyczajnego (Avena sativa L.) przeznaczonego
do zastosowań kosmetycznych. W pierwszym etapie opracowano technologię
wytwarzania ekstraktu – przeprowadzono ekstrakcję wspomaganą
ultradźwiękami (UAE) gdzie jako ekstrahent zastosowano mieszaninę
roślinnego propanediolu i wody (w proporcjach 50:50). Przyjęto założenie,
że uzyskany surowiec powinien spełniać wymagania stawiane surowcom
przeznaczonym do wytwarzania kosmetyków naturalnych. Powinien także
posiadać
właściwości
umożliwiające
kształtowanie
kosmetyków
pielęgnacyjnych na założonym poziomie jakościowym. Do badań
wykorzystano słomę z owsa zwyczajnego pozyskiwaną z polskich upraw,
surowiec zakupiono w lokalnym markecie. Dobrano parametry procesu
ekstrakcji, wytworzono prototyp ekstraktu, a następnie poddano go badaniom,
oceniano właściwości bioaktywne ekstraktu oraz właściwości modelowych
emulsji kosmetycznych wytworzonych z jego udziałem.
Przeprowadzone badania wykazały, że ekstrakt ze słomy owsa
zwyczajnego posiada wysokie właściwości antyoksydacyjne oraz posiada
dużą zawartość związków biologicznie czynnych takich jak polifenole
i flawonoidy.
W celu oceny właściwości ekstraktu w produktach do pielęgnacji skóry
opracowano trzy modelowe emulsje kosmetyczne: pierwsza emulsja zawierała
ekstrakt (10% w/w), druga – mieszaninę propanediolu i wody (50:50 w/w),
natomiast trzecia próbka stanowiła preparat bazowy i zawierała wodę zamiast
ekstraktu i mieszaniny propanediolu z wodą zastosowanych w dwóch
pierwszych emulsjach.
Badania fizykochemiczne wykazały, że wszystkie trzy modelowe
preparaty kosmetyczne są stabilne oraz posiadają porównywalny stopień
lepkości. Przeprowadzone testy dermatologiczne – naskórkowe testy płatkowe
– nie wykazały działania drażniącego na skórę. Badania korneometryczne
wykazały, że najlepsze właściwości nawilżające posiada preparat zawierający
ekstrakt ze słomy owsianej.
Na bazie uzyskanych wyników można stwierdzić, że ekstrakt ze słomy
z owsa zwyczajnego może stanowić ciekawy i wartościowy składnik
kosmetyków pielęgnacyjnych.
Słowa kluczowe: Avena sativa L., owies, Avena sativa semen, bezpieczeństwo
kosmetyków, ekstrakt ze słomy z owsa zwyczajnego, emulsje kosmetyczne
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Abstract: The aim of this work was to evaluate the total phenolic content
and the antioxidant activity of four commercial flower extracts available
on Polish cosmetics market: Paeonia officinalis (peony), Centaurea cyanus
(cornflower), Magnolia biondii (magnolia), and Bellis perennis (daisy).
Two tests: DPPH radical scavenging activity assay and Trolox Equivalent
Antioxidant Capacity (TEAC) assay were chosen to evaluate the antioxidant
activity of extracts. The polyphenol content in extracts ranged from
130.9 mg/L in daisy extract to 342.5 mg/L in peony extract. DPPH radical
scavenging activity, calculated as EC50 value, ranged from 0.95% for peony
extract to 1.31% for daisy extract. Antioxidant activity, expressed as TEAC
values, ranged from 0.90 mmol/L for daisy extract to 2.51 mmol/L for peony
extract. High correlations between polyphenol content and antioxidant activity
expressed as EC50 values (r = 0.972), and as TEAC values (r = 0.997) in flower
extracts were observed. These correlations indicate that the scavenging radical
activity and antioxidant activity of flower extracts significantly depend on their
polyphenol content. Conducted test confirmed that flower extracts
can be a potential source of natural antioxidants for prolonging the oxidative
stability of skin care products as well as the active ingredients in anti-ageing
products.
Keywords: flower extracts, antioxidant activity, cosmetics
INTRODUCTION
Natural ingredients have been traditionally used for skin care for centuries.
The term “natural” is defined as an ingredient or product created by the nature
or found in nature and is directly extracted from plants. The effect of natural
ingredients such as herbs, fruits, flowers, leaves in skin care products depends
on their in vitro and in vivo efficacy and the type of cosmetic base where they
are included [Fowler et al. 2010]. In the past plants were the main source
of all cosmetics before the application of synthetic compounds with similar
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properties [Dweck 1996]. The application of plant extracts in skin care
products is highlighted by consumer demand, who are increasingly concerned
with ecologically friendly products [Laroche et al. 2001]. The application
of plant extracts in cosmetics accomplishes two functions: firstly the care
of the body and additionally as ingredients to influence the biological functions
of the skin [Dureja et al. 2005]. Generally, botanical products are a rich source
of vitamins, antioxidants, essential oils and oils, hydrocolloids, proteins,
terpenoids and other bioactive compounds [Dubey, Kumar and Tripathi 2004].
Especially polyphenolic phytochemicals are a large group of secondary
metabolites in plants [Santos et al. 2011; Chua et al. 2011; Laghari et al. 2010].
They are found in vegetables, fruits, flowers, grains, barks, roots and stems
[Middleton 1998]. Phenolic compounds’ concentration may be influenced
by several factors including physiological differences, environmental
and geographic conditions, genetic factors and evolution [Figueiredo
et al. 2008].
Polyphenols have significant biological activities, such as anti-microbial
[Cushnie and Lamb 2005], antioxidant [Shahidi and Wanasundara 1992],
anti-inflammatory, antiphlogistic, antiallergic and UV protective activities
[Xiao Xian 1999; Xiao Xian 2000; Majeed and Prakash 2002; Jassim and Naji
2003; F’guyer, Afaq and Mukhtar 2003; Prakash, Satyan and Majeed 2003;
Thornfeldt 2005]. Medicinal plants have the potential to be useful as drugs
in terms of their safety and effectiveness, considering many different diseases
[Prasad 2014].
Many studies have been focused towards antioxidant activity of plant
extracts (from roots, seeds, barks, fruits, flowers, leaves) rich in polyphenols.
They can be applied for prolonging the stability of cosmetic
and pharmaceutical products. Natural antioxidant phytochemicals are
available in all parts of higher plants and they are effective in preventing free
radical formation by scavenging them or promoting their decomposition
[Velioglu et al. 1998]. Antioxidant activity of phenolic compounds varies
according to the their molecular structures [Maqsood and Benjakul 2010]. The
structure-activity relationship suggests the number of hydroxyl groups as the
most important factor determining the antioxidant activity of the phenolic
compounds [Zhang et al. 2010].
This study is a continuation of the previous research [Malinowska
and Zieliński 2011; Malinowska 2013; Malinowska, Gliszczyńska-Świgło
and Szymusiak 2014; Malinowska 2015a; Malinowska 2015b; Malinowska
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2016] of antioxidant activities of natural extracts used in the cosmetics
industry. The study is aimed at preliminary screening of antioxidant activity
of extracts isolated from flowers: Paeonia officinalis (peony), Centaurea
cyanus (cornflower), Magnolia biondii (magnolia), and Bellis perennis (daisy),
which are used by producers in cosmetic products.
The aim of this work was to determine and compare the content
of phenolics and the antioxidant capacity of four above mentioned flower
extracts, which are used in commercially available cosmetics. In order
to evaluate the total antioxidant activity of these extracts two tests were
chosen: DPPH radical scavenging activity assay and Trolox Equivalent
Antioxidant Capacity (TEAC) assay.
MATERIAL AND METHODS
Chemicals
Methanol were purchased from Chempur (Piekary Śląskie, Poland),
1,1-Diphenyl-2-picryl-hydrazyl radical (DPPH•) and Trolox® (6-hydroxy2,5,7,8-tetramethylchroman-2-carboxylic acid) were from Sigma Chemicals
Co (St. Louis, MO, USA). Folin–Ciocalteu phenol reagent was purchased from
Merck (Darmstadt, Germany), gallic acid was from Acros Organics (New
Jersey, USA). ABTS (Diammonium 2,2’-azino-bis(3-ethylbenzthiazoline-6sulphonate) was from Roche Diagnostics, potassium persulphate was from
POCH S.A. (Poland). All chemicals were of analytical grade.
Flower extracts
Four cosmetic flower extracts were obtained from few cosmetic companies:
 Paeonia officinalis (peony) hydroglycolic flower extract,
 Centaurea cyanus (cornflower) glycolic flower extract,
 Magnolia biondii (magnolia) hydroglycolic flower extract,
 Bellis perennis (daisy) hydroglycolic flower extract.
Flower extracts were preserved by parabens’ mixture. They were stored
at room temperature in the dark.
Determination of total phenolic content
The amount of total phenolics in flower extracts was determined
by colorimetric method described by Singleton and Rossi [1965] with usage
of the Folin-Ciocalteu reagent.
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Briefly, 0.1 mL of flower extract diluted in ethanol was mixed with 6 mL
of redistilled water and 0.5 mL of Folin-Ciocalteu reagent in 10 mL volumetric
flask. After 3 min, 1.5 mL of 20% Na2CO3 was added and the volume
was made up to 10 mL with redistilled water. The mixture was allowed to stand
for 2 hours in the dark at room temperature. The absorbance was measured
at 765 nm against the blank sample using UV-VIS spectrophotometer Genesis
2 (Milton-Roy, USA). The standard curve was prepared using gallic acid
in ethanol: water (1:9, v/v). The total phenolic content was expressed
in mg of gallic acid equivalents (GAE) per liter of extract [mg GAE/L
of extract]. Data are presented as mean  SD of triplicate measurements.
DPPH radical scavenging assay
The free radical scavenging activity of flower extracts using DPPH radical
was measured according to the procedure described by Sanchez-Moreno
et al. [1998].
Briefly, 1 mL of different concentrations of flower extract (final
concentration of DPPH • was 100 M) was mixed with 9 mL of DPPH•
methanolic solution (4.4 mg/100 mL). The absorbance at 515 nm during
10 min was measured at room temperature using UV-VIS spectrophotometer
Genesis 2. The percentage of remaining DPPH• was calculated using
the following equation:

where:
[DPPH•]t=0 is the remaining concentration of the stable radical without
the flower extract,
[DPPH•]t=10 is the remaining concentration of the stable radical after 10 min.
The concentration of flower extract necessary to decrease the initial
DPPH• concentration by 50% (EC50 [v/v]) was obtained from DPPH•
calibration curve. Radical scavenging activity of flower extracts (AADPPH)
was calculated as 1/EC50 according to method described by Maisuthisakul
et al. [2007].
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TEAC assay
Trolox equivalent antioxidant capacity (TEAC) of flower extracts
was measured according to the procedure described by Re et al. [1999].
The method is based on the ability of an antioxidant to quench the long-lived
ABTS·+ having a characteristic absorption at 734 nm.
Briefly, ABTS radical cation (ABTS·+) was prepared by mixing
0.2 mL 24.5 mM potassium persulphate, 7.7 mg ABTS and 1.8 mL redistilled
water. This solution was kept in the dark at room temperature for 14-16h before
use. After incubation, it was diluted with methanol to obtain the solution
having the absorbance of 0.7 – 0.8 measured at 734 nm. 792 µl of ABTS·+
solution was placed in a 1cm glass cuvette and the absorbance was measured
at 734 nm using UV-VIS spectrophotometer Genesis 2. Next 8 µl of different
dilutions of flower extract or standard were added to ABTS ·+ solution, kept
at room temperature for 6 min, and afterwards their absorbance were again
measured at 734 nm. The measurements of antioxidant capacity by means
of TEAC assay were repeated three times for each concentration of the flower
extract. In all measurements Trolox was used as a standard.
The resulting TEAC values were expressed in mmol Trolox per liter
of flower extract [mmol Trolox/L of extract]. Data are presented as mean ± SD
of three replicates.
Statistical analysis
All analyses were performed in triplicate. The recorded results were subjected
to statistical analysis using SPSS Statistics 14.0.
RESULTS AND DISCUSSION
The polyphenol content varied widely in extracts tested and ranged from
130.9 mg/L in daisy extract to 342.5 mg/L in peony extract (Fig. 1).
No significant difference was observed for magnolia and cornflower extracts.
The polyphenol content in peony extract was 1.3-fold higher than
in cornflower extracts, 1.4-fold higher than in magnolia extract, and 2.6-fold
higher than in daisy extract.
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Fig. 1. Total phenolics content in flower extracts
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GAE – gallic acid equivalents

DPPH radical scavenging activity, calculated as EC50 value, ranged from
0.95% for peony extract to 1.31% for daisy extract (Fig. 2), and calculated
as AADPPH, ranged from 1.05 for peony extract to 0.76 for daisy extract
(Fig. 3). Radical scavenging activity of cornflower extract was statistically the
same as observed for magnolia extract. Peony extract showed about 1.2-fold
radical scavenging activity higher than cornflower and magnolia extracts, and
1.4-fold higher than daisy extract. The order of radical scavenging activity of
flower extracts was as follows: peony ˃ cornflower ≥ magnolia ˃ daisy.
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Fig. 2. DPPH radical scavenging activity of flower extracts, expressed as EC50
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Fig. 3. DPPH radical scavenging activity of flower extracts expressed as AADPPH

Antioxidant activity, expressed as TEAC values, ranged from
0.90 mmol/L for daisy extract to 2.51 mmol/L for peony extract (Fig. 4).
No significant difference was observed for cornflower and magnolia extracts.
The highest TEAC value was observed for peony extract, which contained also
the highest amount of polyphenols. It showed about 1.4-fold higher than
cornflower and magnolia extracts, and 2.8-fold higher than daisy extract.
The order of antioxidant activity of flower extracts (expressed as TEAC value)
was as follows: peony ˃ cornflower ≥ magnolia ˃ daisy.
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Fig. 4. Antioxidant activity of flower extracts expressed as TEAC values
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High correlations between polyphenol content and antioxidant activity
expressed as EC50 values (r = 0.972), and as TEAC values (r = 0.997) in flower
extracts were observed. These correlations indicate that the scavenging radical
activity and antioxidant activity of flower extracts significantly depend on their
polyphenol content.
Activities and application of studied flower extracts in cosmetics
are presented in table 1. Tested flower extracts, especially peony extract,
can be proposed as a source of natural antioxidants to cosmetic topical
formulations. Apart from the antioxidant activity, tested flower extracts have
many other properties, therefore their application allows to formulate
comprehensive cosmetics.
Table 1. Cosmetic properties and application of tested flower extracts
Plant extract

Paeonia officinalis
(peony)

Centaurea cyanus
(cornflower)

Cosmetic properties
-

soothing
anti-oxidant
anti-inflammatory
whitening
firming the skin
reducing the skin irritations
anti-fungal
regenerative
softening
moisturizing
hair growth stimulating

- creams, lotions, moisturizers,
masks, and products formulated
specifically for sensitive, atopic
and acne-prone skin
- mature face and body skin care
products
- intimate hygiene products
- hair care products
- after sun products
- baby care products
- cleansing preparations

-

antioxidant
astringent
anti-inflammatory
soothing the eyes
cooling
tonifying
anti-irritant
visibly diminishing fine lines
and wrinkle
reducing dark circles and
puffiness
antioxidant
anti-inflammatory
anti-bacterial
skin whitening

- creams, lotions, moisturizers,
masks, and products formulated
specifically for sensitive skin
- creams for eye skin prone
to circles and puffiness
- anti-ageing products
- sun and after sun products
- foundations, blush, eye shadow,
facial powder, mascara
- body and hand preparations

-

Magnolia biondii
(magnolia)

Application in cosmetics

-

- moisturizing products for dry
skin
- lightening products
- anti-aging skin care products
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Bellis perennis
(daisy)

-

anti-irritant
regenerating
moisturizing
tonifying

-

antioxidant
tonifying
skin lightening
vitalising
astringent
antiphlogistic
regenerative

- antibacterial products for acneprone skin
- body and hand products
- anti-ageing products
- creams, lotions, moisturizers,
masks, and products formulated
specifically for sensitive
and seborrhoeic skin care
- lightening products
- eye skin care
- hair care products
- body and hand preparations

Source: Technical data sheets of flower extracts

CONCLUSIONS
Many cosmetic products have in their composition natural ingredients with
medicinal properties that manifest beneficial topical actions and provide
protection against degenerative skin conditions. They improve appearance
by delivering nutrients necessary for healthy skin. Moreover they are able
to improve skin tone, texture and radiance while reduce wrinkles. Natural
cosmetics are the fast-growing segment of the natural personal care industry
[Ribeiro et al. 2015].
The number of flower extracts used in skin and hair care products is huge
and has increased lately. They are becoming more prevalent in formulations,
due to consumers’ concerns about synthetic ingredients. Flower extracts
chosen for antioxidant tests are active ingredients in cosmetic products
due to their precious properties. Tested commercial flower extracts are used
in cosmetics industry, however, their polyphenol content and the antioxidant
as well as free radical scavenging activity vary among different extracts
significantly. The antioxidant and free radical scavenging activities of tested
flower extracts are significantly affected by their polyphenol content.
Conducted test confirmed that they are a potential source of natural
antioxidants for prolonging the oxidative stability of skin care products as well
as the active ingredients in anti-wrinkle products.
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STRESZCZENIE
Celem pracy było zbadanie zawartości polifenoli oraz aktywności
przeciwutleniającej czterech handlowych ekstraktów z kwiatów dostępnych
na polskim rynku kosmetycznym: piwonii lekarskiej (Paeonia officinalis),
chabra bławatka (Centaurea cyanus), magnolii (Magnolia biondii) i stokrotki
pospolitej (Bellis perennis). Do oceny właściwości przeciwutleniających
zastosowano test zdolności wygaszania rodnika DPPH oraz metodę TEAC.
Zawartość związków polifenolowych różniła się znacznie między
badanymi ekstraktami i mieściła się w granicach od 130.9 mg/L w ekstrakcie
ze stokrotki pospolitej do 342.5 mg/L w ekstrakcie z piwonii lekarskiej.
Zdolność do wygaszania rodnika DPPH, wyrażona jako parametr EC50,
mieściła się w granicach od 0.95% dla ekstraktu ze stokrotki pospolitej
do 1.31% dla ekstraktu z piwonii lekarskiej. Potencjał przeciwutleniający
TEAC mieścił się w granicach od 0.90 mmol/L dla ekstraktu ze stokrotki
pospolitej do 2.51 mmol/L dla ekstraktu z piwonii lekarskiej. Zaobserwowano
istnienie wysokich korelacji między zawartością związków polifenolowych
w badanych ekstraktach a ich właściwościami przeciwutleniającymi
wyrażonymi jako EC50 (r = 0.972), oraz TEAC (r = 0.997). Otrzymane
korelacje wskazują na znaczący wpływ zawartości polifenoli w badanych
ekstraktach na ich zdolność do wygaszania rodnika DPPH oraz ich potencjał
przeciwutleniający TEAC.
Słowa kluczowe: ekstrakty z kwiatów, aktywność przeciwutleniająca,
kosmetyki
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Abstract: The aim of the study was to evaluate the physicochemical
and usable properties of emulsions with different content of synthetic
diacylglycerols (DAGs) (2, 4, 6, 8, 10g). Chemically interesterified turkey fat
with sesame oil (2:3 wt/wt) was used as a fatty basis of the emulsions.
The centrifuge and temperature tests were carried out to determinate
the stability of the emulsions. Moreover the viscosity of emulsions
was measured. Skin hydration and transepidermal water loss (TEWL) were
measured after and before application of the emulsions. To determine
preferences of the consumers sensory analysis was performed. As a result
of stability testing it was found that none of the emulsions retained stable.
The phase separation was noticed for two emulsions (with the lowest DAGs
amount) in the fifth day of their life cycle. Sensory evaluation showed that
the emulsion IV with 8 g of DAGs met respondents’ expectations the best.
However emulsion III with 6g of DAGs had the most desirable moisturizing
properties. The most preferred TEWL values were obtained after application
of emulsion V with 10g of DAGs. Obtained results suggest that the research
should be extended towards the interesterified fat type selection
and the synthetic diacylglycerols type (specifically fatty acids type and their
distribution in the DAG molecule).
Keywords: sensory analysis, emulsion, diacylglycerols, skin hydration,
TEWL
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INTRODUCTION
It is generally assumed that meat and fat of poultry and fish is primary source
of polyunsaturated fatty acids (PUFA) and contain its favorable proportions.
For years poultry meat have been taken special place between different types
of meat because of greater proteins content with high nutritional value
and advantages amino acids composition as compared to the large animals
meat. Fats contained in poultry are more easily absorbed than beef and pork
fats, moreover these fats contain greater amount of vitamins (A, E)
and carotenes [Batkowska, Brodacki and Grodzicki 2011].
Vegetable oils show various properties depending on the percentage
content of fatty acids. Oils have been widely used in cosmetology due
to favorable impact on the skin and become increasingly popular components
of cosmetic formulations dedicated for daily care of face and body. Deficiency
of fatty acids can cause excessive exfoliation of the skin. Vegetable oils applied
as a fatty basis of the cosmetician prevent water loss though the skin
by protective layer forming [Zielińska and Nowak 2014].
One of the major functions of the skin barrier is to maintain the interior
body homeostasis and water permeability resistance. A lot of studies have
indicated that environmental conditions such as high temperature, air ﬂow
and relative humidity can affect the skin barrier. Long-term exposure to low
humidity might cause skin impairment [Chou et al. 2005]. The epidermis,
especially the stratum corneum, protects against water loss [Elias 1988], serves
as a barrier preventing entrance of microorganisms and has an acidic
pH in a range 4 - 6.5 [Dikstein and Zlotogorski 1993]. Transepidermal water
loss is commonly described as a measure of skin barrier function, either
at baseline or following topical treatments. Thus, the stratum corneum
is regarded as an important factor for topical drug permeability [Chilckott
et al. 2002]. More precisely, TEWL is thought to represent the water barrier
function of the skin [Pinnagoda et al. 1989]. A lot of studies have demonstrated
that exposure of the skin to certain chemical, physical, or radiologic insults
will lead to perturbations in skin barrier function [Yosipovitch et al.1998].
Thus, the selection of suitable skin care or medicinal preparations may assist
the proper functioning of the skin barrier, prevent excessive drying, hence keep
the skin in appropriate condition.
The objective of this study was to assess usable properties of emulsions
containing interesterified turkey fat with sesame oil.
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MATERIALS AND METHODS
Sesame oil (SO) was purchased at a local market. The fatty acid composition
was as follows: C16:0 (12.0%), C18:2 (54.8%), C18:1 (27.1%), C18:0 (2.6%),
C18:3 (3.5).
Turkey female fat (TMF) was commercially refined. The fatty acid
composition was as follows: C14:0 (0.8%), C15:0 (0.0%), C16:1 (13.2%),
C16:0 (33.3%), C17:0 (0.0%), C18:2 (18.2%), C18:1 (23.8%), C18:0 (7.7%),
C18:3 (3.0%).
Diacylglicerols (DAG)– synthesized from monoacylglycerols (MAG) which
were donated by Oleon NV (Oelegem, Belgium).
Carboxymethylcellulose obtained from Barentz Hoofddorp, Netherlands,
was used as a thickener for emulsions.
Sodium benzoate was used as a preservative (Orff Food Eastern Europe).
Oat Extract (Crodarom – INCI: Aqua (and) Avena Sativa (Oat) Kernel Extract.
Vitamin A, E, F complex (Crodarom – INCI: Isopropyl Myristate (and)
Glycine Soja (Soybean) Oil (and) Carthamus Tinctorius (Safflower) Seed Oil
(and) Linoleic Acid (and) Tocopheryl Acetate (and) Retinyl Palmitate).
Preparation of emulsions
Emulsions were manufactured according to the recipes based on our own
experience [Kowalska et al. 2015]. The optimization of emulsifier amount
(synthesized diacylglycerols) was carried out by adding various amount of this
compound to the emulsion (Table 1).
Table 1. Composition and parameters of emulsions
Component [% wt/wt]

Emulsion
I

II

III

IV

V

Water

66.7

64.7

62.7

60.7

58.7

DAG

2.0

4.0

6.0

8.0

10.0

Interesterified turkey fat with sesame oil

30.0

Carboxymethylcellulose

1.0

Complex of vitamins

0.5

Oat extract

0.5

Sodium benzoate

0.3

Carboxymethylcellulose was dispersed in distilled water. Both
solutions (oil and aqueous phases) were heated to 50-55°C in a water bath.
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Homogenization of the aqueous phase with the fat phase was achieved with
a high shear mixer at an equal speed of 18 500 rpm for 4 minutes. Finally
the emulsions were cooled to room temperature and oat extract, vitamin
complex and preservative (sodium benzoate) were added. The total mass
of each emulsion was 100.0 g.
Determination of emulsion viscosity
Viscosities of the emulsions were measured by means of a steady stress
Brookfield viscometer (Brookfield DV-I+) equipped with LV spindle No. 3
at rotational speed of 100 rpm at 21°C. The determination was performed after
5 days of cold storage. The results are presented as the arithmetic averages
of three replication for each emulsion.
Determination of emulsion stability using centrifuge test
The centrifugal test increases the rate of sedimentation process, hence allows
to determine the stability of an emulsion by its visual appearance observation
after determined time at extreme conditions.
The determination was performed using the centrifuge (Nahita
Centrifuges Model 2652; Auxilab, S.L., Beriain, Navarra, Spain) at 3000 rpm.
Test tubes were filled with15–20 mL of the emulsions and then centrifuged
for 30 min, with the appearance of emulsion checked every 10 min. If there
were no phase separation, an emulsion was considered as stable.
Determination of emulsion stability using temperature test
The temperature test was performed to determine a stability of the emulsions
at various temperatures. The samples were stored alternately at 7-8°C
in a refrigerator (Amica) for 24h and then at 40°C (+/- 0.3 oC) in a heater
(ELKON type CL – 65). The determination was carried out for 6 days. If there
were no changes in appearance of an emulsion, it was considered as stable.
Sensory determination
Sensory assessment is based on the measurement and evaluation of the product
characteristics and consumer feelings by the senses (smell, taste, touch, sight).
Testing of each emulsion was performed by a group of respondents
(10 females). The respondents were trained and specifically instructed
on the methodology. A 5-point scoring scale was introduced, with
5 the maximum and 1 the minimum score. Details of the procedure
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of the measurement was given in [Kowalska et al 2015]. The analysis
was carried out at room temperature of 20°C (2°C) and constant air humidity
of 45% (5%). Correctness of the testing was supervised by a researcher from
the University of Technology and Humanities in Radom. The analysis has been
carried out in the third day of the emulsions shelf-life.
Determination of skin capacitance
Measurements of stratum corneum hydration were performed by means
of CM825 Corneometer (Courage+Khazaka Electronic) that registered
the electrical capacitance of the skin surface as an indicator of stratum corneum
hydration, which is dependent on the high dielectrical constant of water content
relative to other skin components. Each change in the dielectric constant
subsequent to the modification of skin surface hydration leads to an impaired
calculated capacitance of a capacitor. The capacitance was expressed digitally
in the range 0-130 arbitrary units (AU) [Tagami et al. 1980].
In order to eliminate the impact of external conditions on the results,
the measurements were performed under standard conditions of temperature
and humidity (T° = 20-22°C, humidity 40-60%), away from direct sunlight.
The measurements were carried out with women students of chemical
technology (specialty: technology of cosmetics and household products) from
the University of Technology and Humanities in Radom, Poland.
The test included measurements carried out immediately prior
to the application and after 30 min, 60 min, 90 min, 120 min, 180 min, 210 min
and 240 min after application of the emulsions (approximately 0.01g)
on the designated forearm skin fragments. To have valid calculation,
the measurement was always taken three times. Both the probe of the cornea
and region of the skin before and after the measurement was wiped with a clean
cotton cosmetic swab. The determination was performed in tenth day
of emulsions’ shelf-life.
Determination of transepidermal water loss
Transepidermal water loss was determined by means of Tewameter (TM 300,
Courage & Khazaka, Cologne, Germany).
The method is based on the diffusion principle in an open chamber.
The sensors measure water amount flowing through the probe (water emitted
by the skin). The operating range is 0 - 320 g/h/m2. The values
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of transepidermal water loss (TEWL) in the range 0-10 testify of very healthy
condition, 10-15 healthy condition, 15-25 normal condition, 25-30 strained
skin, while above 30 indicate a critical skin condition [Tanriverdi et al. 2006].
In order to eliminate the impact of external conditions on the results,
the measurements were performed under standard conditions of temperature
and humidity (T° = 20-22°C, humidity 40-60%).
The probe was placed on the skin, without applying a pressure
and the measurement was started. After stabilization of the value
(approximately 30 seconds) the result was read. The measurements were
carried out before application and 30 min, 60 min, 90 min, 120 min, 150 min,
180 min, 210 min and 240 min after application of emulsion on the designated
forearm skin. The determination was performed in tenth day of emulsions’
shelf-life.
RESULTS AND DISCUSSION
An emulsion is a thermodynamically unstable system and forms the basis
of many products. It is created when oil and water are rapidly mixed
in the presence of an emulsifier. Study of the rheological behavior of
emulsions is of particular interest in quality control, product development,
consumer acceptability and sensory evaluation [Maskan and Göǧüş 2000].
Generally, an important goal of research is to predict proper stability and
determinate a behavior for industrial applications.
The viscosity determination of prepared emulsions was carried in 5 th day
of emulsions’ shelf-life. Unfortunately emulsions I and II were not presented
in Figure 1, due to insufficient amount of emulsifier (diacylglycerols) phase
separation occurred. In remaining systems an increase of viscosity was
observed proportional to the increase of DAG amount. The highest value
of viscosity was obtained for emulsion V, which contained 10 g of emulsifier
(Figure 1).
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Viscosity [mPa*s]

320
310
300
290
280
270
260
250

308
294
283

Emulsion III

Emulsion IV

Emulsion V

Fig. 1.Viscosity values of emulsions III-V

The long term stability of colloidal dispersions materials is a function
of several variables, including the physical and functional properties
of the individual components, temperature and concentration.
In this work, two procedures were applied to predict a stability
of manufactured emulsions: subjecting the formulations to temperature
changes as well as application of high centrifugal forces to detect separation
of the emulsions. As the results of both these tests changes in the appearance
of the emulsions were observed, which demonstrated unstable character
of these systems. After 10 minutes of centrifugal test phase separation occurred
in all emulsions. In case of temperature test, all emulsions remained unchanged
after 24h of storage at 7-8°C. However after next 24h of storage at 40°C phase
separation was observed for all systems.
Emulsions used in personal care applications as creams, lotions
and others (both - the oil-in-water (O/W) and water-in-oil (W/O) type) have
to fulfill following criteria. First of all long-term physical stability under
various conditions (temperature variation, stress induced by vibration during
transportation, etc). The next one is right consistency (rheology)
for application, good skin feeling, spreading and delivery of active substances.
The last one is safety of ingredients: no skin irritation or any adverse effects
on contact with the skin [Tadros 2004].
The consistency of an emulsion is controlled by monitoring the phase
volume of the dispersed droplets, their size distribution and the addition
of various rheology modifiers such as ‘thickeners’ or finely divided inert
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solids. The consistency of an emulsion is usually assessed by panels
for acceptability.
Other parameters such as cushion effect, homogeneity, adhesion,
distribution, stickiness, greasiness, greasing, absorption, smoothing which
have been determined in this work are important features in the selection
and evaluation of cosmetic materials. Better understanding of the parameters
which influence the sensory properties of cosmetic emulsions will enable
cosmetic manufacturers to design and control the properties of cosmetic
products better. For example, consumer acceptance of such products depends
on their ability to spread on and has a direct relationship with viscosity
and flow behavior. In the food and cosmetic industry, viscosity is one
of the most important parameters required in the design of a technological
process [Alpaslan and Hayta 2002]. On the other hand, viscosity is also
an important factor that determines the overall quality and stability of the food
systems.
Generally, the aim of sensory analysis is to evaluate the cosmetic
preparations and to develop new recipes. This method allows to customize
the cosmetics for meeting the consumers requirements. In the present study
sensory analysis of new emulsions was performed, the results are presented
in Table 2 and Figures 2, 3 and 4.
Table 2. Values of sensory assessment obtained as a result of the survey (as a mean
value for 10 respondents)
Parameter

Emulsion
I

II

III

IV

V

Cushion effect - CE

2

2

3

4

4

Homogeneity - H

5

5

5

5

5

Consistency - C

4

4

5

5

5

Adhesion - Ad

3

3

4

5

5

Distribution - D

5

5

5

4

4

Stickiness - S

3

3

4

5

5

Greasiness - G

4

4

4

5

5

Greasing - Gr

4

5

5

5

5

Absorption - A

5

5

4

4

3

Smoothing - Sm

5

5

5

5

5

Sum

40

41

44

47

46

Average

4,0

4,1

4,4

4,7

4,6
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According to the results of sensory analysis, amount of diacylglycerols
added to the emulsions has an influence on the evaluated parameters. Each
emulsion received different average rate. Emulsion IV was evaluated the best
taking into account the average value from all rated parameters, thus
it was in the closest agreement with the consumers’ requirements (Figure 3).
The lowest scores were obtained for following parameters: cushion effect,
distribution and absorption. Remaining parameters were assessed on 5 points.
Emulsions III and V obtained slightly lower rates (Figure 3, 4). According
to the respondents, the least satisfying were emulsions I and II (Figure 2).
Cushion effect, adhesion and stickiness obtained the lowest scores.
Respondents also concluded that all evaluated emulsions were homogeneous
with good consistency, remained appropriate fat film after 30 minutes from
application and had proper smoothing effect.

Fig. 2. Sensory profile of emulsions I and II
Legendary presented in Table 2

Fig.3. Sensory profile of emulsions III and IV
Legendary presented in Table 2
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Fig. 3. Sensory profile of emulsionV
Legendary presented in Table 2

Currently, non-invasive methods are used in the assessment of a skin
condition. Transepidermal water loss (TEWL), skin hydration (corneometry)
and pH of the skin are the most common measurements [Fluhr, Feingold
and Elias 2006]. These methods are widely used in the monitoring of skin
condition, particularly in case of an atopic dermatitis. Moreover, they are used
to evaluate the efficiency of topical drugs and also in contact dermatitis
[Dirschka, Tronnier and Folster-Holst 2004; Grupta et al. 2008]. Mentioned
methods are appropriate to evaluate new cosmetic products properties
and to compare them with already available products.
In this study skin hydration measurements before and after emulsions
application were performed. Skin hydration measurements were not carry out
for emulsions I and II due to the fact of showing instability characteristics
in the 5th day of their shelf-life. Corneometer measurement of the skin
hydration showed that skin capacitance of all respondents before emulsions
application was in the range 27.8 – 49.2 A.U. According to the device producer
this range is characteristic for a very dry skin. The results show a significant
increase of skin capacitance after application of all emulsions. The increase
was maintained for the whole time of the measurement (240 minutes).
The highest value was reached for areas of the skin after application
of emulsion III, mainly in the time range 30 - 150 minutes. The lowest increase
during almost the whole time of the experiment was observed for emulsion V.
In general, the skin hydration level rose to 90 minutes after application, while
the slow decrease was observed for all examined emulsions after this time.
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Degree of skin hydratation
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240

Fig. 4. Degree of hydration of the skin after application of the examined emulsions
(as a mean value of 3 measurements for 10 respondents)

It is established that the stratum corneum is the least permeable layer
of mammalian skin [Bommannan, Potts and Guy 1990]. Its role is to regulate
transepidermal water loss and restrict the entry of foreign bodies and pathogens
[Tan et al. 2010]. The stratum corneum is typically 10-20 µm thick and is often
schematically represented as a brick wall. Stratum corneum barrier
is of interest for designing of percutaneous penetration enhancement strategy
and the optimization of topical therapy or prevention for the treatment
of damaged skin [Bommannan, Potts and Guy 1990].
Similarly to the skin hydration measurement, TEWL determination was
performed only for three emulsions (III, IV and V). The values
of transepidermal water loss of all respondents before emulsions application
were in the range 8.4 – 8.6g/h/m2. According to the device producer’s
declaration the range of presented values is characteristic for a very healthy
skin. Generally, the values of transepidermal water loss after all emulsions
application decreased when compared to the values before the application
which indicates the reducing of water evaporation through the skin.
The lowest TEWL values during the whole experiment were obtained
for area of the skin after application of emulsion V. The minimum of TEWL
was noted for this emulsion after 90 minutes of application (4.2 g/h/m2).
In case of emulsions III and IV, TEWL values reached minimum (4.4 and
4.6g/h/m2 respectively) also after 90 minutes. The increase of TEWL values
was observed for all examined emulsions after this time. However, emulsion
IV showed more favorable profile till the end of the determination than
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emulsion III – the values were lower after each 30 minutes than for emulsion
III. In general, it was observed that TEWL values decreased after whole time
of the measurement - 240 minutes after emulsions application. Thus,
it can be concluded that all emulsions fulfilled assumption of the authors,
which was protection of the skin against the water loss.

Transepidermal water loss
[g/h/m2]

10
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8
7
6
5
4

Emulsion III

Emulsion IV

3
0

30

60
90
120
150
180
Time from emulsion application [min]

210

240

Fig. 5. Transepidermal water loss after emulsions application (as a mean value for 10
respondents)

CONCLUSIONS
The presented study revealed that the amount of synthesized diacylglycerols
used as emulsifiers has an impact on the stability and the properties
of the emulsions. Unfortunately, it was impossible to indicate the amount
of diacylglycerols which would meet all intended criteria.
Sensory evaluation showed that the emulsion IV with 8 g of DAGs met
respondents’ expectations the best. However emulsion III with 6g of DAGs
had the most desirable moisturizing properties. The most preferred TEWL
values were obtained after application of emulsion V with 10g of DAGs.
Obtained results suggest that the research should be extended towards
the interesterified fat type selection and the synthetic diacylglycerols type
(specifically fatty acids type and their distribution in the DAG molecule)
to form a product which would meet the best all criteria presented in the study.
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STRESZCZENIE
Celem pracy była ocena właściwości fizykochemicznych i użytkowych
emulsji zawierających różną zawartość syntetycznych diacylogliceroli (2, 4, 6,
8, 10 g). Jako bazę tłuszczową w emulsjach wykorzystano przeestryfikowany
chemicznie tłuszcz indyczy z olejem sezamowym (2:3 wt/wt). W pracy
przeprowadzono testy na stabilność otrzymanych emulsji: wirówkowy
i temperaturowy. Ponadto zbadano lepkość emulsji oraz dokonano pomiaru
nawilżenia skóry aplikowanymi emulsjami oraz określono transepidermalna
utratę wody przez naskórek. Przeprowadzono analizę sensoryczną w celu
poznania preferencji konsumentów. W wyniku przeprowadzonych testów
stabilności stwierdzono, że żadna emulsja nie zachowała cech stabilności.
Dwie emulsje zawierające najniższą zawartością emulgatora w piątej dobie
rozwarstwiły się. Ocena sensoryczna wykazała że emulsja IV zawierająca
8 g emulgatora spełniała najlepiej wymagania respondentów. Natomiast
najlepsze właściwości nawilżające wykazywała emulsja III (6 g emulgatora).
Z kolei najkorzystniejszymi wartościami TEWL określono emulsję
z najwyższą zawartością emulgatora (10 g). Powyższe rezultaty wskazują,
że należy rozszerzyć badania w kierunku rodzaju wyboru tłuszczu
przeestryfikowanego, a także rodzaju syntetycznych diacylogliceroli
(konkretnie rodzaju kwasów tłuszczowych i ich rozmieszczenia w cząsteczce
diacyloglicerolu).
Słowa kluczowe: analiza sensoryczna, emulsje, diacyloglicerole, nawilżenie
skóry, TEWL
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