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усовершенсТвование Процесса окисления циклогексана

Рассмотрен способ усовершенствования процесса жидко-
фазного окисления циклогексана. Определен положительный 
эффект кислородосодержащей добавки – Бис-2 цианетилового 
этера – на основные технико-экономические показатели процес-
са – конверсию сырья, селективность по продуктах окисления 
и соотношение целевых продуктов. Исследовано оптимальное 
соотношение компонентов бинарной каталитической системы. 
Предложен комплексный метод использования продуктов окис-
ления циклогексана путем утилизации полученных побочных 
кислот эстерификацией их со спиртами.
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suBstantiation oF the 
comPosition oF ProBiotic  
cosmetic Products For the 
toning oF oily sKin

Показана доцільність застосування пробіотиків у натуральній косметиці. Обґрунтовано 
оптимальні масові частки кислої сироватки та екстракту квітів Tagetes patula (59,98 та 
40,02 % відповідно) як компонентів пробіотичного косметичного засобу для тонізації жирної 
шкіри. Доведено, що розроблений пробіотичний косметичний лосьйон натуральний, безпечний, 
характеризується високими органолептичними, нормованими фізико-хімічними показниками, 
покращеними мікробіологічними характеристиками.

ключові слова: пробіотична косметика, тонізація шкіри, Bifidobacterium, Lactobacillus, водно- 
спиртовий екстракт, Tagetes patula, кисла сироватка.
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1. introduction

Skin is the largest organ in the human body, which is 
in constant work throughout life. The condition of the skin 
largely depends on age, nutrition and lifestyle. The main 
function of the skin is protection of the human body from 
external influences, creating a physical barrier. In addition, 
the skin also performs additional functions, which include: 
regulating body temperature, controlling sweating, feeling, 
keeping lipids and water. Acting as a barrier and a link bet-
ween internal organs and the external environment, the skin 
is always in contact with various substances. A healthy and 
blooming skin is the result of well-being and constant care [1].

The face is the most open part of the skin of a per-
son, his business card. This is the first thing that they 
pay attention to when they meet. In order for the face 
to remain beautiful, fresh and attractive, special care is 
needed. The skin of the face is constantly exposed to the 
negative effects of various external factors. In addition, it 
shows signs of fatigue, physical overload and stress. Over 
time, the skin loses its freshness, wrinkles appear on it, it 
dims and becomes less attractive [2].

Facial skin care involves a number of procedures: washing,  
cleansing, nutrition, moisturizing, toning. To care for a spe-
cific type of facial skin, it is necessary to choose the right 
cosmetic products. If the means for washing and moisturizing  
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creams are used by almost everyone, the products for to-
ning are an insignificant part of consumers. And this phase 
of withdrawal is not less important, since after washing 
the face with the use of various means, the active aci-
dity of the facial skin shifts to the alkaline side. The best 
means for toning the skin of the face are tonics, tonic 
lotions and cosmetic lotions [2, 3]. Tonics and lotions 
have a positive effect on the face [2–5]:

– perform a protective function, neutralizing the effect 
of hard water on the skin;
– normalize the level of acidity (pH);
– have antiseptic effect, destroy harmful microorganisms;
– nourish the skin with antioxidants, these active com-
pounds help slows down the aging process of the skin;
– remove puffiness and redness from the skin;
– improve the effect of day and night creams, providing  
better penetration into the epidermis;
– improve blood circulation in the skin of the face;
– smoothen mimic wrinkles.
The basis of lotions and tonics is mineral water. It is 

the quality of mineral water that largely determines the 
quality of these cosmetic products [2, 3]. Leading enter-
prises for the production of tonics recommend the use of 
French mineral waters – «Evian», «Perrier», «Vittel», etc.,  
as the basis [3]. An alternative to these types of high-
quality mineral water can be the mineral waters of the 
Carpathians, the Caucasus, as well as mineral waters for 
baby food. In addition to mineral water, lotions and tonics 
contain the following components [2]:

– ethyl alcohol is the basis of these cosmetic products. 
Alcohol expands the pores, helps to exfoliate excess 
elements from the skin. The amount of alcohol depends 
on the characteristics of cosmetic products: according 
to DSTU 4093-2002 «Cosmetic Lotions and Tonic» [6] 
tonics contain 0–8 % of ethyl alcohol; lotion-tonics and 
cosmetic lotions – 8.1–20.0 and 20.1–80.0 %, respec-
tively. For oily skin use a product with a high alcohol 
content (its concentration can reach up to 50 %). Given 
this fact, all types of cosmetics can be recommended 
for oily skin according to [2, 6];
– matting agent is the main active component of tonics 
and lotions. It moisturizes and tones the skin, ensures 
its smooth tone, protects from irritation. The effect 
of this component is not more than three hours;
– additional nutrients are optional components of lotions 
and tonics, therefore each firm independently approaches 
to their choice. As a rule, these components play the 
role of flavors and/or colorants, but of natural origin. 
Typically, as nutrients used ethereal and vegetable oils, 
medicinal plants, panthenol, vitamins. In the composi-
tion of tonics and lotions for oily skin, vegetable oils 
are not added, and essential oils are added only when 
other components of the tonic or lotion do not create  
a pleasant aroma in it [2, 3]. Often, in order to ensure 
a pleasant color and aroma in these cosmetics, as well 
as to enrich the bio-antioxidants, extracts of medicinal 
plants are added to their composition;
– salicylic acid. This component is also optional. It 
is indicated on the package. Tonic and lotions with 
salicylic acid have an antibacterial effect, most often 
with salicylic acid use for facial rashes, acne. Typically, 
salicylic acid is added to cosmetic lotions with a high 
content of ethyl alcohol, since the antibacterial effect 
in these cosmetics is due to the increased concentration 

of the latter. Tonics without alcohol or with a low 
content of it, usually produce with the addition of 
salicylic acid to provide an antibacterial effect.
Today, the world’s leading scientists in the field of 

cosmetology argue that the use of antibacterial chemicals 
in cosmetics leads to the destruction of not only harm-
ful but also beneficial microflora of the skin, violates its 
microbiome [7]. Therefore, it is necessary to give pre-
ference to the use of natural cosmetics, which does not 
contain antibacterial components. An alternative to the 
use of antibacterial components in tonics and lotions can 
be the use of live cultures of probiotic microorganisms 
(Lactobacillus acidophilus and Bifidobacterium), which have 
high antagonistic properties with respect to the pathogenic 
and opportunistic microflora.

As a rule, the normalization of the acidity level of 
the facial skin is carried out by the addition of organic 
acids (in particular, lactic, glycolic, tartaric, malic, citric, 
pyruvic, and also the above salicylic acid). The amount 
of organic acids in the tonics for oily skin should not 
exceed 3 % [2–5].

Given the above information, it can be argued that 
the innovative alternative for the development of lotions 
and tonics can be the use of illuminated milk whey fer-
mented with probiotic microorganisms as a basis in these 
cosmetics. This will create probiotic cosmetic products 
from secondary dairy raw materials containing a unique 
complex of macro- and microelements, cheaper from mineral 
water and in large quantities remains now not processed 
at dairy enterprises. For the enrichment of probiotic cos-
metics, matting substances, in particular, bioantioxidants 
with antiseptic action, it is advisable to use extracts of 
medicinal plants – marigolds, which have long been com-
mon in Ukraine [2, 8]. Thus, the development of probiotic 
cosmetics for the toning of facial skin on the basis of 
illuminated milk whey, fermented probiotic cultures, and 
marigold extracts is an urgent task.

2.  the object of research  
and its technological audit

The object of research is a probiotic tonic for oily skin, 
produced with the use of acidic whey, a water-alcohol 
extract of dried flowers Tagetes patula and mineral wa-
ter «Malyatko».

For carrying out of experimental researches as raw 
material used:

– curd whey obtained by «Gormolzavod No. 1» LLC 
(Odessa, Ukraine) in the production of cottage cheese 
in accordance with DSTU 4554:2006 [9];
– mineral water «Malyatko», which has a balanced 
composition of macro- and microelements provided 
for the research of «Ekonia» LLC FDI (Zolotonosha, 
Cherkasy region, Ukraine);
– shredded dried flowers Tagetes patula (manufac-
turer – LLC «Tsiliushchi roslyny» (Kropivnitsky, Uk-
raine) together with the company «Soyuz Afgan»);
– rectified ethyl alcohol of the brand «Extra» accor-
ding to DSTU 4221:2003;
– direct bacterial concentrate of FD DVS ABT-2, provided 
for research by «Christian Hansen Ukraine» LLC (Kyiv, 
Ukraine).
Sour whey is obtained as follows: whey obtained at «Gor-

molzavod No. 1» LLC (Odessa, Ukraine) in the production 
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of cottage cheese (active whey acidity 4.5–4.6 units PH), 
heated to a temperature of 95 °C and held for 5 minutes 
for denaturation of whey proteins. Denatured whey pro-
teins are separated using a five-layer lavsan filter, after 
which the protein mass is cooled to a temperature of 
2–6 °C and transferred to produce protein dairy prod-
ucts or short chain peptides for cosmetic products with an 
anti-age effect. The illuminated whey is cooled to a tem-
perature of 37 °C and fermented with mixed cultures of 
lacto- and bifidobacteria as part of the direct bacterial 
concentrate FD DVS ABT-2. This bacterial concentrate 
contains monocultures of Bifidobacterium animalis Bb-12  
and mixed cultures of lactobacilli – Lactobacillus acidophi-
lus La-5 + Streptococcus thermophilus. Two of the three 
cultures Bifidobacterium animalis Bb-12 and Lactobacillus 
acidophilus La-5 are recognized classical probiotics with 
a clinically proven probiotic effect on the human body. The 
amount of bacterial concentrate is 100 c. u. per 1000 kg of 
fermented illuminated whey is provided the initial concen-
tration of monocultures of Bifidobacterium animalis Bb-12  
and mixed cultures of Lactobacillus acidophilus La-5 + Strep-
tococcus thermophilus 1·106 CFU/cm3. Fermentation of the 
illuminated whey is carried out for 48 hours at a tem-
perature of 37 °C, optimal for the development of pro-
biotic cultures of lactobacilli and bifidobacteria. In the 
resulting acidic whey, the concentration of viable cells of 
Lactobacillus acidophilus La-5 + Streptococcus thermophilus  
is (4.0–5.0) ⋅108 CFU/cm3, the concentration of Bifido-
bacterium animalis Bb-12 (1.8–3.6) ⋅108 CFU/cm3, titrated 
acidity – (12 ± 1) °T, active acidity – (4.31 ± 0.01) pH units.

A water-alcohol extract of dried flowers Tagetes patula 
is prepared according to the extraction mode developed by 
the authors: the content of ethyl alcohol in water-alcohol 
solution is 75 %, the ratio «water-alcohol solution: dry 
flowers Tagetes patula» is 70, the extraction time of BAS 
from marigold flowers is 45 min. The obtained extract 
contains 24.7 mg/100 g carotenoids, 87.2 μg/100 g cate-
chins, 627.5 μg/100 g flavonoids and has an antioxidant 
activity of 183.3 ± 1.3 act. units.

The rationale for the optimal proportions of acid whey, 
a water-alcohol extract of dry colors Tagetes patula and 
mineral water «Malyatko» as part of a probiotic cosmetic 
for toning of oily skin is performed in the software pa-
ckage Statistica 10 (StatSoft, Inc., USA).

3. the aim and objectives of research

The aim of research is optimization of the component 
composition of the probiotic cosmetic agent for toning 
of oily skin.

To achieve this aim, the following tasks are solved:
1. To determine the antioxidant activity and active 

acidity of probiotic cosmetics for toning of oily skin with 
various proportions of raw ingredients – acid whey ob-
tained with the use of probiotic cultures of lacto- and 
bifidobacteria, an extract of dried flowers Tagetes patula 
and mineral water «Malyatko».

2. To establish the optimum ratio of raw ingredients, 
in which the probiotic cosmetic for toning of oily skin 
has the maximum antioxidant activity and the normalized 
value of active acidity.

3. To determine the quality indicators of a probiotic 
cosmetic agent for toning of oily skin, produced using 
raw ingredients in the optimal ratio.

4.  research of existing solutions  
of the problem

Toning cosmetics for oily skin, in addition to the listed 
general effects, should provide a narrowing of the skin 
pores, removing fatty gloss and acne [2–5]. Usually, these 
cosmetic products include [2, 4]: mineral water, herbal 
extracts, matting substances, in particular essential oils, 
ethyl alcohol (from 5 to 30 %). To improve the appearance 
of the epidermis, the cosmetic agent must influence the 
biochemical processes that take place in the dermis. But 
for this it is necessary to destroy the lipid layer, glue the 
horny scales of the epidermis. To dissolve fat-like lipids, 
the composition of cosmetics can add [10]:

– surfactants that dissolve lipids and clear the way into 
the dermis for active substances, but also open the way 
to bacteria (on the label can be listed as emulsifiers);
– soft surfactants. To preserve the skin barrier, surfac-
tants are used, for example coconut oil. These high-
quality soft surfactants differ in structure from those 
of traditional surfactants and the penetration of mo-
lecules through the stratum corneum is minimized, and 
the surfactant structure data molecule does not allow 
them to react with lipids and proteins of the stratum 
corneum;
– AHA and BHA (beta-hydroxyl and alpha-hydroxyl 
acid). Remove dead skin cells and maintain a natu-
ral balance of skin oils that provide it with moisture. 
Likewise, the action of lactic, glycolic, tartaric, malic, 
citric, salicylic, pyruvic acids.
To obtain a natural source of macro- and microelements 

and lactic acid in the work is offered by using as a basis 
for probiotic cosmetics of acidic whey. The investigated acid 
whey contains a high concentration of probiotic cultures 
of lacto- and bifidobacteria (not less than 1 ⋅108 CF/cm3) 
and 0.99 ± 0.2 % lactic acid.

Today, world scientists claim the benefits of cosmetic 
products produced with the use of lysates of probiotic 
bacteria. Thus, in [11–14] positive influence of lysates of 
probiotic cultures Lactobacillus delbreuckii, Lactobacillus 
rhamnosus, Lactobacillus salivarius, Lactobacillus paracasei, 
Bacillus subtilis in cosmetic products in the treatment of 
atopic dermatitis is noted. It should be noted that the 
lysates of Lactobacillus delbreuckii cultures have contri-
buted to the inhibition of atopic dermatitis [12], whereas 
Bacillus subtilis lysates are recommended for prevention of 
atopic lesions [11], and lysates of Lactobacillus salivarius, 
Lactobacillus rhamnosus, Lactobacillus paracasei for therapy 
in atopic dermatitis [13, 14].

Some scientists have investigated the effect of probiotic 
lysates on acne: a clinical improvement in skin condition 
with acne is noted with the use of Lactobacillus acidophilus 
and Lactobacillus bulgaricus lysates [15]. Lysates of bacteria 
of the Bifidobacterium species provide prevention of skin 
disorders associated with immune abnormalities, and also 
improve the condition of sensitive skin [16]. Mitigate in-
flammation and reduce the sensitivity of the skin lysates 
of Lactobacillus delbreuckii and Lactobacillus casei [17, 18].  
The lysates of Lactobacillus paracasei cultures [19] ac-
celerate the restoration of skin barrier functions [19], lac-
tates of Lactobacillus rhamnosus provide prevention of skin 
lesions by ultraviolet [20], and lactates of Lactobacillus 
reuteri protect epidermal keratinocytes [21]. Lysates of 
mixed cultures of Lactobacillus bulgaricus + Streptococcus  
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thermophilus in combination with prebiotics Inulin con-
tribute to a 70 % reduction in the Staphylococcus aureus 
population within 24 hours on the skin and stimulate the 
growth of the natural microflora of the skin microbioma –  
cultures of Staphylococcus epidermidis [22].

Given the known today information about the beneficial 
properties of the probiotic cultures of Lactobacillus and 
Bifidobacterium, it can be assumed that probiotic lotions 
and tonics based on acidic whey with living cells of these 
bacteria will contribute not only to toning the skin, but 
also to creating a natural barrier for penetration of for-
eign microflora into the pores. An extraneous microflora 
can cause skin irritation, the appearance of «acne» and 
others. Therefore, such means for toning the skin can be 
100 % natural, that is, without the addition of antimicro-
bials, and lactic acid in the composition of probiotic acid 
whey enhance the antibacterial effect of probiotic tonics 
and lotions.

As a natural source of bioantioxidants, the authors pro-
pose to use a water-alcohol extract of dried flowers Tagetes 
patula. Of the known properties of marigolds [8, 23] (the  
Latin name Tagetes) in cosmetic means for toning the skin, 
anti-inflammatory, antiseptic, antiviral and tonic proper-
ties are essential. The phytoncidal properties of marigolds 
ensure their insecticidal value. The above-ground part of 
Tagetes is rich in essential oil of yellow or amber hue 
with floral-spicy and fruity aroma, the main component 
of which is the ocimene, which share is about 50 %. The 
oils also contain sabinene, apinene, limonocene, citral, myr-
cene, linalool, thymol, terpinene and other components 
that inhibit the growth and development of pathogenic 
microorganisms and fungi. BASs found in the aerial part 
of the plant have antiviral activity and are harmful to 
many strains of pathogenic bacteria and viruses [24–27].

Carotenoids, in particular lutein, contained in the flo-
wers of marigolds, have anti-inflammatory properties, re-
duce the risk of cataract development, contribute to the 
recovery of visual acuity, especially in people with constant  
vision [28, 29].

Of all the groups of natural compounds identified in  
the flowers of marigolds, flavonoids occupy a special place, 
which indirectly through enzyme systems regulate the 
processes that determine, first of all, the state of the cell 
membrane, and provide antioxidant, anti-inflammatory and 
wound-healing action. The wide spectrum of the action 
of flavonoids is explained by their selectivity to reactive 
oxygen species (ROS): in ROS hyperproduction they ex-
hibit antioxidant properties, and at a low level of ROS 
generation – prooxidant. The main flavonoids in the co-
lors Tagetes patula (patchwork patches) are patuletin and 
patulintrin (patuletin reduces capillary permeability, has 
hypotensive effect, shows P-vitamin activity) [24, 29].

In addition, Tagetes patula flowers contain other anti-
oxidants – tocopherols (0.6 %) and ascorbic acid (1.78 %), 
as well as phenol carboxylic acids – gallic, chlorogenic, 
coffee, chicory, ferulic, cinnamon. The content of macro- 
and microelements in the flowers of marigolds is 47.0 and 
7.28 % (in terms of ash), respectively [30, 31].

Despite the useful properties of marigolds, there are 
contraindications to their use. It is not recommended to 
use the plant in the first trimester of pregnancy, during 
lactation, children under 3 years of age, patients with 
eczema, with individual intolerance and people prone to 
allergies [8, 23–25].

Given these useful properties of Tagetes patula colors, 
it is advisable to use their water-alcohol extracts as part 
of cosmetic products for toning the skin as a source of 
bio-antioxidants and matting agents. Such extracts (af-
ter preliminary distillation of ethyl alcohol) have already 
shown a positive result in the production of probiotic 
whey-strawberry drinks of preventive use) [32].

5. methods of research

To optimize the formulation composition of the probiotic 
cosmetic agent for the toning of oily skin, the methodology 
of the response surface is used [33]. This method is a set 
of mathematical and statistical techniques aimed at mode-
ling technological processes and finding the relationships 
of experimental predictor series in order to optimize the 
response function 
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where x Rn∈  – vector of variables, b – vector of parameters.
Simulation and processing of experimental data is per-

formed in the environment of the software package Sta-
tistica 10 (StatSoft, Inc., USA).

As part of the probiotic cosmetic for toning of oily 
skin, the mass fraction of the water-alcohol extract of dried 
flowers Tagetes patula and acid whey is varied, and the 
mass fraction of mineral water «Malyatko» is determined 
by the formula:

Cmw Ctp Caw= − +100 ( ),  (2)

where Сmw, Сtp, Сaw – mass fraction of mineral water, 
water-alcohol extract of dry colors Tagetes patula and acid 
whey (%), respectively.

For the preparation of cosmetics, the raw ingredients are 
mixed in the required quantities and mixed for 5–10 mi-
nutes. Antioxidant activity (AA, act. units) and active 
acidity (pH, pH units) are determined in the obtained 
lotions and tonics.

The ratio of raw ingredients in probiotic cosmetics for 
toning of oily skin is considered optimal, at which the maxi-
mum antioxidant activity of the agent is achieved and the 
normalized value of active acidity is achieved. The normalized 
value of active acidity is taken to be pH 4.5–5.2 PH units, 
corresponds to that for the skin of the face [7].

On the basis of the developed recommendations, a pro-
biotic cosmetic agent for toning oily skin with an optimal 
ratio of raw ingredients is produced and the main quality 
indicators are determined therein. Based on the results of 
the studies, conclusions are drawn about the possibility 
of producing new types of cosmetic products for toning 
oily skin with probiotic properties.

When performing studies, an antioxidant activity of 
probiotic cosmetics is determined by the method described 
in [34, 35]; active acidity – by potentiometric method 
according to [36].

6. research results

Criteria for optimizing the composition of probiotic 
cosmetics for toning oily skin have been selected by anti-
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oxidant activity (AA, act. units) and active acidity (pH, 
pH units). Independent varied factors in the experiment 
are the mass fraction of acid whey (Saw, %) and the mass 
fraction of the water-alcohol solution of dry colors Tagetes 
patula (Ctp, %).

To model the antioxidant activity (AA, act. units) and 
active acidity (pH, pH units), the response function is 
chosen, which has the form of a second-order polynomial:

AA b b Ctp b Ctp b Caw

b Caw b Ctp Caw
 = + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ ⋅
0 1 11

2
2

22
2

12 ,  (3)

pH b b Ctp b Ctp b Caw

b Caw b Ctp Caw
 = + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ ⋅
0 1 11

2
2

22
2

12 ,  (4)

where АА – antioxidant activity, act. units; pH – active 
acidity, pH units; b0 – a constant; Сtp – mass fraction 
of water-alcohol solution of dry flowers Tagetes patula, %; 
Сaw – mass fraction of acid whey, %; b1, b11, b2, b22, 
b12 – the coefficients for each element of the polynomial.

In the studies, the central composite rotatable design is 
used [33]. The choice of levels and intervals of variation 
of factors is carried out taking into account the recom-
mendations for development of cosmetic tonic for oily skin:

– mass fraction of water-alcohol extract of dry flo-
wers Tagetes patula varies within 6.67–40.02 % (this 
concentration of the extract provided the content of 
ethyl alcohol in the target product of 5–30 %);
– mass fraction of acidic whey is varied within the 
limits of 46.67–59.98 %. At the maximum content of 
acidic whey in the cosmetic means there is no mineral 
water «Malyatko», and with a minimum content of 
acidic whey the mineral water content is 46.66 %.
The design matrix and the experimental values of the 

response functions are presented in Table 1. To reduce the 
influence of systematic errors caused by external condi-
tions, the sequence of experiments is randomized.

To test the significance of the regression coefficients (3)  
and (4), the Pareto charts are built (shown in Fig. 1, L –  
linear effect, Q – quadratic effect).

a

b

Fig. 1. Pareto charts for checking the significance of the coefficients:  
a – regression (3); b – regression (4)

The Pareto charts diagrams (Fig. 1) show standardized 
coefficients, sorted by absolute values. Analysis of the data 
in Fig. 1, a, indicates that the quadratic mass fraction of 
acidic whey (Saw, K) for regression (3) is insignificant. 
The column for estimating this effect does not cross the 
vertical line, is a 95 % confidence probability. With this 

in mind, this regression member is eliminated 
from the model (3). For regression (4), accor-
ding to the data in Fig. 1, b, an insignifi-
cant portion of acidic whey is a quadratic  
linear (Saw, L) and the effect of the interac-
tion of the mass fractions of the extract of 
Tagetes patula and acid whey – (1Lby2L). 
Therefore, these regression terms are elimi-
nated from the model (4).

The equations obtained with the calculated 
coefficients have the form:

AA Ctp Ctp

Caw Ctp Caw

= − ⋅ − ⋅ −
− ⋅ + ⋅ ⋅

53 009 1 547

0 052

. .

. ,

0.014

0.777

2

 (5)

pH Ctp

Ctp Caw

= + ⋅ +
+ ⋅ − ⋅

4 396

0 00005 0 00001

.

. . .

0.008
2 2  (6)

The adequacy of the developed models (5)  
and (6) is checked by the method of variance 
analysis. The significance level of lack of fit 
for both models is p > 0.05. The values of the 

table 1

Design matrix and response functions

No. of 
experi-
ment

Mass fraction of water-alco-
hol extract of dried flowers 

Tagetes patula, (Сtp)

Mass fraction of acid 
whey, (Сaw)

Antioxidant 
activity (АА), 

act. units

Active 
acidity (рН ), 

рН units
Coded level % Coded level %

1 –1 11.52 –1 48.61 26.30 4.48

2 0 23.34 − 2 46.67 30.00 4.60

3 +1 35.16 –1 48.61 33.00 4.70

4 + 2 40.02 0 53.33 40.66 4.77

5 +1 35.16 +1 58.05 41.00 4.69

6 0 23.34 + 2 59.98 38.66 4.59

7 –1 11.52 +1 58.05 22.66 4.46

8 − 2 6.67 0 53.33 18.33 4.41

9 0 23.34 0 53.33 31.66 4.56

10 0 23.34 0 53.33 33.30 4.57

11 0 23.34 0 53.33 31.85 4.56

12 0 23.34 0 53.33 32.90 4.57
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coefficient of determination for both models are close to 
unity: for the model (5) R2 = 0.960 and R2

adj = 0.937; for the 
model (6), R2 = 0.984 and R2

adj = 0.978. Thus, the presented 
results indicate that the models adequately describe the 
experiment.

The combined effect of the mass fraction of acid whey 
(Saw, %) and the mass fraction of the water-alcohol extract 
of dried flowers Tagetes patula (Ctp, %) on antioxidant 
activity (AA, act. units) and active acidity (pH, pH units) 
of the cosmetic agent for toning of oily skin are described 
by the polynomials (5) and (6) and shown in Fig. 2, 3.

a

b

Fig. 2. Dependence of the antioxidant activity of the probiotic cosmetic 
product for the toning of oily skin – AA (act. units) from the mass fraction 
of the water-alcohol extract of dried flowers Tagetes patula – Ctp (%) and 

the mass fraction of acid whey – Saw (%) :  
a – response surface; b – contour plot

An increase in the composition of the target cosmetic 
mass portion of the extract of the colors Tagetes patula and 
acid whey contributes to a significant increase in its antioxi-
dant activity – from 22.0 to 45.6 act. units (Fig. 1, a, b). 
More significantly affects the increase in the antioxidant 
activity of the probiotic cosmetic agent in the increase in 
its composition of antioxidants (carotenoids, flavonols and 
catechins, introduced with an extract of flowers of marigolds). 
However, an increase in the mass fraction of acidic whey 
also causes an increase in the investigated indicator. This 
proves the correctness of the assumption that probiotics 
accumulate metabolic products (including vitamins) du-
ring the fermentation of illuminated whey, which also has 

an antioxidant effect. The maximum value of antioxidant  
activity (45.6 act. units) has a probiotic cosmetic pro-
duct that contains 40.02 % of the water-alcohol extract 
of dried flowers Tagetes patula and 59.98 % of probiotic 
acid whey and does not contain mineral water. At the 
indicated concentrations of raw ingredients, the probiotic 
cosmetic contains 30 % of ethyl alcohol, that is, according 
to the classification given in [6], refers to cosmetic lotions.

a

b

Fig. 3. Dependence of the active acidity of the probiotic cosmetic agent  
for the toning of oily skin – AA (act. unit) from the mass fraction  

of the water-alcohol extract of dried flowers Tagetes patula – Ctp (%)  
and the mass fraction of acid whey – Saw (%) :  

a – response surface; b – contour plot

An increase in the mass fraction of the Tagetes patula 
extract in the cosmetic composition for the toning of oily 
skin causes an increase in the pH of the target product 
from 4.41 to 4.76 pH units (Fig. 2, a, b). This is because 
the extract contains practically no organic acids. An increase 
in the content of an acidic whey in the composition of 
a cosmetic agent does not significantly affect the value 
of active acidity (Fig. 2, a, b). This is probably due to  
a slight increase in the concentration of lactic acid in the 
composition of the desired cosmetic product with an increase 
in the content of acid whey – from 0.46 to 0.59 %, as well 
as the buffer properties of the substances that make up 
the water-alcohol extract of flowers of marigolds. Cosmetic 
lotion with the maximum value of antioxidant activity 
has an active acidity of 4.76 pH units, corresponds to the 
limitations assumed in the experiment.
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Thus, the processing of polynomials (5) and (6) in 
Statistica 10 allows to determine the optimal values of the 
mass fractions of the water-alcohol extract of dry flowers 
Tagetes patula (Ctp, %) and acid whey (Saw, %) – 40.02 
and 59.98 %. In these values, the antioxidant activity of 
the probiotic cosmetic lotion for the toning of oily skin 
has a maximum value of 45.6 act. units (Fig. 1), and the 
active acidity of the cosmetic product (4.76 pH units –  
Fig. 2) corresponds to the limitations adopted in the ex-
periments and requirements of DSTU 4093-2002 [6].

The main quality indicators of probiotic cosmetic lotion 
for toning of oily skin, produced by mixing raw ingredients 
in the optimal ratio, are given in Table 2.

Organoleptic and physicochemical parameters of the 
produced probiotic cosmetic lotion meet the requirements 
of DSTU 4093-2002 (Table 2). The developed cosmetic 
product has a pleasant light orange color and herbal aroma 
due to the transition to a water-alcohol extract of a part 
of the essential oil from dried flowers of marigold, there-
fore, the addition of other matting agents is not required.

Let’s note that the microbiological characteristics of the 
developed product differ from those given in the regula-
tory documentation:

– in the developed probiotic cosmetic lotion, let’s deter-
mine the number of viable monocyte cells of Bifidobac-
terium animalis Bb-12 and mixed cultures of Lactobacillus 
acidophilus La-5 + Streptococcus thermophilus, which are 
not standardized in DSTU 4093-2002 [6];

– does not detect the number of mesophilic aerobic 
and facultative-anaerobic microorganisms in the pro-
biotic cosmetic lotion, since the bacterial concentrate 
FD DVS ABT-2, used for the production of acid whey, 
includes mixed cultures of Lactobacillus acidophilus 
La-5 + Streptococcus thermophilus, which are faculta-
tive anaerobes and are present in the product in an 
amount of 5 times exceeds the norm established in 
DSTU 4093-2002 [6].
Therefore, for the introduction of the developed cos-

metic lotion into the production, it is necessary to develop 
appropriate regulatory documents (technical conditions 
and technological instructions).

7.  sWot analysis of research results

Strengths. The strengths include:
– naturalness of the product;
– the consumer’s curiosity towards a new cosmetic;
– high probiotic properties and improved microbio-
logical indices.
Weaknesses. The weaknesses are:
– poor consumer awareness of the new cosmetic and 
its benefits;
– limited time and conditions for storing the lotion (not  
more than 40 days at a temperature of 2–6 °C).
Opportunities. As for the opportunities of the new pro-

duct, there are:
– presence of antimicrobial agents 
in cosmetics-analogs;
– the absence of probiotic proper-
ties in products that are analogues 
of competitors;
– availability of unsaturated seg-
ments of markets;
– lack of Ukrainian probiotic cos- 
metics and a narrow range of simi-
lar imported products.
Threats. Threats when a new pro-

duct enters the consumer market:
– possibility of the appearance 
of new cosmetics and substitute 
products;
– growing competitive pressure 
due to the emergence of new com-
petitors;
– decline in the purchasing power 
of the population;
– unstable economic and political 
si tuation in Ukraine;
– consumer conservatism.
Based on the SWOT analysis, the  

following strategic solutions are pro-
posed:

– access to new markets or mar-
ket segments. Provides a flexible 
pricing policy for the promotion 
of a new cosmetic lotion on the 
market. Carry out activities to 
develop the consumer himself in 
the use of probiotic cosmetics, en-
courage him to buy this product, 
as well as the active role of marke-
ting. When carrying out marketing 

table 2

Organoleptic, physicochemical and microbiological indicators of probiotic cosmetic lotion  
for toning of oily skin in comparison with the requirements of DSTU 4093-2002 (n = 3, p ≤ 0.05)

Indicator
Characteristic of an indicator

For the developed probiotic 
cosmetic lotion

For cosmetic lotion by  
DSTU 4093-2002 [6]

Organoleptic indicators

Appearance
Homogeneous single-phase 
transparent liquid without tur-
bidity and sediment

Homogeneous single-phase or mul-
tiphase liquid (emulsion). There is 
slight turbidity or precipitation

Color
Light orange color, homoge-
neous throughout the medium

Must match the color of the product 
of a specific name

Smell
With a slight smell of ethyl al-
cohol and a slight floral aroma

Must respond with the smell of 
a product of a specific name

Physical and chemical indicators

Volume fraction of ethyl alcohol, % 29.9–30.1 20.1–80.0

Hydrogen index (pH) 4.7–4.8 3.0–8.5

Colloidal stability Stable Stable

Thermal stability Stable Stable

Microbiological indicators

The number of mesophilic aerobic 
and facultative-anaerobic microor-
ganisms, CFU/cm3

Not identified 1000

The number of viable cells of Bifido-
bacterium animalis Bb-12, CFU/cm3 (1.0–2.2) ⋅108 Not standardized

The number of viable cells of mixed 
cultures of Lactobacillus acidophilus 
La-5 + Streptococcus thermophilus, 
CFU/cm3

(2.5–4.0) ⋅108 Not standardized

Bacteria of the Enterobactereaceae 
family in 1 cm3 Absent Absent

Staphylococcus aureus in 1 cm3 Absent Absent

Pseudomonas aeruginosa in 1 cm3 Absent Absent

Quantity of yeasts and molds, CFU/cm3 <10 No more than 100
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activities, it is necessary to emphasize the naturalness of 
the cosmetic product and the presence of live cultures 
of lacto- and bifidobacteria in it, which cause high 
probiotic properties and antibacterial effect. Attention 
should also be paid to the design of packaging and 
the informative nature of the marking;
– expansion of the assortment line of probiotic cosme-
tics due to the use of water-alcohol extracts of other 
medicinal plants with a high content of bioantioxidants;
– the weak side, namely, the high price in comparison 
with cosmetic lotions and tonics presented in the market, 
can be solved at the expense of reduction of the price of 
own product by increase in volumes of manufacture and 
logistics of delivery process of the illuminated whey from 
milk processing enterprises on cosmetic. The increase in 
demand for a new probiotic cosmetic lotion will occur 
as a result of the dissemination of information on the 
naturalness of the product and its positive effect on the 
condition of oily skin of the face;
– the weak side of «poor consumer awareness of the 
new cosmetic and its benefits» it is proposed to solve 
through the implementation of a set of measures. They 
must begin at the initial stage of cosmetic develop-
ment and continue at the entire stage of its product 
circulation. The measures should be aimed at infor-
ming potential consumers about the properties of a new 
cosmetic product and the influence of probiotics on 
the state of human skin health;
– to reduce the impact of such factors as «the emer-
gence of new competitors» and «growing competitive 
pressure», it is advisable to use a flexible pricing policy, 
to develop new sales markets, to provide for the ac-
tive role of marketing and expansion of the range. As 
for the «purchasing power» factor, measures should 
be taken to position a new cosmetic product among 
potential consumers, measures to develop consumers 
themselves in the use of probiotic cosmetics;
– the weak side «limited time and conditions for sto-
ring the lotion» can be solved by using a package with 
a volume of no more than 100 cm3, which will allow 
the consumer to fully use the probiotic cosmetic lo-
tion before the end of its shelf life. It is expedient to 
organize realization of the developed product through 
a network of specialized shops, beauty salons or of-
fices, in which it is possible to provide the necessary 
storage conditions;
– promotion of probiotic cosmetic lotion by means of 
merchandising – if it is not possible to use direct ad-
vertising for promotion of a new product, it is advisable 
to stimulate sales with the help of indirect communica-
tions, which are less expensive, but not less effective.

8. conclusions

1. The antioxidant activity and the active acidity of 
the probiotic cosmetic agent for the toning of oily skin 
are determined. It is shown that when the weight frac-
tion of a water-alcohol solution of dry colors of Tagetes 
patula and acid whey increases in the composition of the 
desired cosmetic agent, the studied parameters increase.

2. It is found that the maximum antioxidant activi-
ty (45.6 act. units) and the normalized value of active 
acidity (4.76 pH units), a probiotic cosmetic for toning of 
oily skin has an optimal content of raw ingredients in it. 

Namely: 59.98 % of the acid whey obtained using probiotic 
cultures of lacto- and bifidobacteria in the composition 
of the direct bacterial concentrate FD DVS ABT-2, and 
40.02 % of the water-alcohol extract of the dry flowers 
of Tagetes patula.

3. It is determined that the organoleptic and physico-
chemical quality indicators of the probiotic cosmetic for 
toning of oily skin, produced using the raw ingredients in the 
optimal ratio, meets the requirements of DSTU 4093-2002.  
Developed product By the content of ethyl alcohol can be 
attributed to cosmetic lotions. Microbiological indices of 
the developed probiotic cosmetic lotion differ from those 
in DSTU 4093-2002, therefore, for the introduction of it 
into production, it is necessary to develop appropriate 
regulatory documents.
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обоснование сосТава ПробиоТических космеТических 
средсТв для Тонизации жирной кожи

Показана целесообразность применения пробиотиков в на-
туральной косметике. Обоснованы оптимальные массовые до-
ли кислой сыворотки и экстракта цветов Tagetes patula (59,98  
и 40,02 % соответственно) как компонентов пробиотического 
косметического средства для тонизирования жирной кожи. До-
казано, что разработанный пробиотический косметический лосьон 
натуральный, безопасный, характеризуется высокими органолеп-
тическими, нормированными физико-химическими показателями, 
улучшенными микробиологическими характеристиками.

ключевые слова: пробиотическая косметика, тонизирование 
кожи, Bifidobacterium, Lactobacillus, водно-спиртовой экстракт, 
Tagetes patula, кислая сыворотка.
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