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Abstract

:

Emollients are valued ingredients of many cosmetic products and medical devices used to support the treatment and prevention of many skin diseases. Despite the fact that they are one of the oldest cosmetic ingredients, raw materials as well as new recipe solutions are constantly being sought, the main goal of which is to obtain products with the most favorable physicochemical properties while improving the hydration of the stratum corneum and softening and smoothing the skin. It should be noted that there are few scientific articles on the effect of emollients on the physicochemical and usable properties of emollient preparations of the body-oils type. The obtained formulations were subjected to physicochemical tests (dynamic viscosity, surface tension, contact angle, and color evaluation), and the degree of skin hydration and lubrication after application of the developed cosmetic oils was evaluated. Cosmetic oils based on natural emollients were characterized by weaker spreading abilities, which was confirmed by their higher viscosity, surface tension, and contact-angle results relative to those obtained for cosmetic oils based on synthetic emollients. In addition, it was found that the use of both groups of cosmetic oils based on natural and synthetic emollients leads to an increase in the degree of hydration of the skin and an increase in its oiliness. However, a higher increase in the degree of hydration and a lower decrease in the level of skin lubrication are observed after the application of body oils based on natural emollients.
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1. Introduction


Emollients are multifunctional, lipophilic, water-insoluble raw materials used in cosmetology, dermocosmetology, and dermatology [1]. Emollients can also be defined as “cosmetics ingredients which help to maintain the soft, smooth, and pliable appearance of the skin. Emollients function by their ability to remain on the skin surface or in the stratum corneum to act as lubricant, to reduce flaking, and to improve the appearance of the skin” according to the CTFA dictionary [2,3]. They are, therefore, key raw materials used in the formulations of care products such as body oils, balms, milks, creams, and ointments [4]. They are also present in the formula of rinse-off cosmetics, e.g., bath liquids, shower gels, shampoos, and bath oils, and in color cosmetics, e.g., lipsticks, lip glosses, and powders [5,6,7]. Typically, emollient ingredients constitute from a few to even 30% of the composition in o/w emulsions, while in the case of w/o emulsions and anhydrous formulations, it is over 50% of the composition. Taking their chemical structure as the division criterion, emollients can be divided into four main groups: hydrocarbons, fatty alcohols, esters, and silicone derivatives [8]. Emollients with high molecular weights and low polarity (such as Vaseline, mineral oil, paraffin, alcohols, and fatty acids) mainly have an occlusive, epidermal effect. They remain on the surface of the epidermis and do not penetrate the structures of the stratum corneum [8,9]. Emollients may also interact with the intercellular lamellar lipid structures of the stratum corneum. Then, they partly remain on the skin surface, creating an occlusive barrier, and partly penetrate the intercellular lamellar lipid structures of the stratum corneum. The condition for such a mechanism of action is the ability of the substance to dissolve in lipids. Examples include lanolin, sterols, and ceramides, which, as a result of penetration into the intercellular lamellar lipid structures of the stratum corneum, lead to the reconstruction of the epidermal barrier. This applies to compounds of moderate polarity and not very large (average) molecular weights [10]. There is also a group of emollients that have biological activity in the living layers of the epidermis, e.g., essential fatty acids (EFAs) and their derivatives, but also other compounds that are agonists for peroxisome proliferator-activated receptors (PPAR). Biologically active emollients constitute a small group of raw materials. These compounds, by activating specific nuclear receptors, enhance the synthesis of endogenous lipids, improving the function of the epidermal barrier. Moreover, by inhibiting NFkB, Th2 responses, mast cells, and interculin, they exert anti-inflammatory effects similar to those of corticosteroids. In addition, they also undergo biochemical changes that lead to the formation of eicosanoids [11,12,13].



Not so long ago, the term “emollients” was associated only with the raw materials that are ingredients of cosmetics. Currently, this term is also used to describe specialized cosmetics and medical devices intended for the care of particularly demanding skin, making emollient preparations an important element in the prevention and support of the treatment of many dermatoses, especially those in which disorders of the function and structure of the epidermal barrier play an important pathogenetic role [14]. They are used as monotherapy or as a complement to an intensive treatment process. Examples of skin diseases in which emollients play a key role are atopic dermatitis (AD) [15,16], seborrheic dermatitis [17], and psoriasis [18,19]. Emollients are also the first-choice product for dry skin or infant skin care [20]. In physicochemical terms, emollient products are mixtures of both hydrophobic and hydrophilic ingredients. They can come in many forms, in the form of o/w and w/o emulsions and also stable formulations different from emulsions, emulsifier-free mixtures of ingredients with different properties and different mechanisms of action, such as body oils, lotions with oils, bath gels, or ointments. The selection of the appropriate form of the preparation depends on the skin condition, age, user preferences, and the expected therapeutic effect [14,21]. Generally, these are hypoallergenic products that do not contain dyes, foaming agents, fragrances, or preservatives. As a result of using preparations with an emollient effect, the epidermis is regenerated, and its functioning is improved. The skin becomes moisturized, oiled, and more elastic. Moreover, it is protected against damage, cracks, peeling, and penetration of undesirable exogenous substances [22]. The ingredients of this type of preparation are emollients used in combination with humectants (e.g., urea, glycerin, sorbitol, and hyaluronic acid), but also substances with anti-pruritic, anti-aging, immunomodulatory, and bacterial biofilm-reducing properties [14]. Emollients play the role of occlusive ingredients but are also substances that replenish epidermal lipids. Raw materials with an occlusive effect include both natural and synthetic substances, e.g., esters, triglycerides, fatty alcohols, fatty acids (e.g., isopropyl myristate, isopropyl palmitate, and caprylic-capric triglyceride), ceramides, cholesterol, vegetable oils (e.g., sweet almond oil, sunflower seed oil, and borage oil), waxes (e.g., beeswax, microcrystalline wax, and carnauba), animal oils (e.g., lanolin), mineral oils (e.g., paraffin oil), and silicone oils (e.g., polydimethylsiloxanes). Examples of physiological epidermal lipids that regulate the proper differentiation of corneocytes are unsaturated fatty acids, cholesterol, squalenes, phospholipids, and sterols [8,9,14].



Over the years, the type of emollients used in cosmetics has changed. The first cosmetic emulsions used emollients of natural origin, e.g., waxes, fats, and oils. Later, simple, synthetic hydrocarbons were used, including solid paraffins, paraffin oils, and petroleum jelly. Then, changing consumer expectations forced changes in the forms of emulsions so that they had better spreadability and did not give a sticky or greasy feeling, which was associated with a change in the basic chemical structure of emollients. This resulted in the introduction of numerous synthetic emollients to the cosmetic market, which ensured appropriate sensory sensations during application [8,9,23].



Currently, there are numerous trends in the cosmetics market related to growing ecological awareness. An example is the principle of sustainable development. It concerns the impact on environmental protection through the use of raw materials from renewable sources and the development of cleaner production methods. It is a combination of ecological and economic issues. This principle is used in the production of cosmetic raw materials as well as finished cosmetics [24,25]. Another example is the popularity of the “zero waste” trend in the beauty world, which aims to protect all of the Earth’s resources through responsible production, consumption, reuse, and recovery of all products, packaging, and materials [26,27]. However, the strongest trend that has been observed in the cosmetics market for several years is the increased interest in raw materials and natural products. It should be noted that the term “natural” for many authors [28,29,30] of scientific publications does not necessarily always make products safer for consumers. According to Future Market Insights, the volume of the global natural products market will grow annually by about 5% until 2033 [31]. This confirms the current importance of the use of natural raw materials in cosmetic formulations, as well as those with emollient properties. Pinto et al. [32] undertook scientific research in this direction in their work. They showed that vegetable oils can be used as a sustainable alternative to synthetic emollients and are promising in replacing Vaseline in skin-care formulations in terms of the skin-occlusive effect. The authors further indicated that vegetable oils did not provide a high immediate skin-occlusive effect (15 min after application) as did Vaseline. However, most of them showed an occlusive effect comparable to Vaseline within 6 h. Boom et al. [33] also undertook research to assess the impact of replacing conventional cosmetic ingredients (e.g., hydrocarbons, silicones, and preservatives) with sustainable, natural raw materials on the physical, chemical, and microbiological properties of emulsions for topical use. They demonstrated that it is possible to develop attractive sustainable cosmetic formulas with high standards of quality and marketability. Moreover, the literature contains studies on various emollients in terms of analyzing their physicochemical properties or their use in cosmetic formulations, mainly in emulsions [1,4,8,23,34,35,36]. However, few studies focus on the impact of emollients on the physicochemical and functional properties of emollient preparations such as body oils. Therefore, a research gap has been identified in the analysis of cosmetic oils, which is so important in the prevention and support of the treatment of many dermatoses, as mixtures of various emollients.



The study attempts to analyze the physicochemical properties of cosmetic oils in relation to selected parameters of epidermal barrier function. In the first stage of the work, four esters and four vegetable oils were tested as potential emollients used in the cosmetics industry. These emollients were divided into two groups: synthetic/semi-synthetic raw materials and natural raw materials in order to attempt to empirically verify their physicochemical properties. The next stage of the work was the analysis of the physicochemical properties (dynamic viscosity, surface tension, contact angle, and color evaluation) of a series of cosmetic oils in relation to the selected parameters of the epidermal barrier function (degree of skin hydration and lubrication). Cosmetic oil recipes differed in the percentage of natural to synthetic emollients, with Formulas F1, F2 and F3 containing a predominance of vegetable oils (95% by weight), and Formulas F4, F5 and F6 containing a predominance of semi-synthetic and synthetic liquid emollients (95% by weight).




2. Materials and Methods


2.1. Chemicals


Table 1 and Table 2 present the characteristics of semi-synthetic, synthetic, and natural emollients (vegetable oils) selected for testing. In addition, vitamin E (Tocopheryl Acetate) from Ecospa, Warsaw, Poland was used for research.




2.2. Formulations


A series of cosmetic oil recipes (Table 3) consisting of a mixture of emollients have been developed. Taking into account the results of physicochemical tests from Section 3.1, the following emollients were selected for further research: Caprylic/Capric Triglyceride, Dibutyl Adipate, Dicaprylyl Carbonate, Macadamia Ternifolia Seed Oil, Prunus Amygdalus Dulcis (Sweet Almond) Oil, Ricinus Communis (Castor) Seed Oil). In designing the formulation of cosmetic oils, the two emollients selected for testing from Section 3.1 were not used: Octyldodecanol and Vitis Vinifera (Grape) Seed Oil/Grapeseed oil due to deviating viscosity test results relative to the emollient groups analyzed and, in the case of grape seed oil, intense yellow color affecting the color of the finished product. Additionally, vitamin E, which is an antioxidant and protects the preparation against rancidity, has been added to the cosmetic oil recipes. The cosmetic oil recipes differed in the percentage of emollients, with recipes 1–3 containing a predominance of natural oils and recipes 3–4 containing a predominance of synthetic and semi-synthetic liquid emollients.



The roduction technology: all ingredients of the recipe were weighed in appropriate proportions, except for vitamin E. Then the whole mixture was mixed using a magnetic mixer (Wigo magnetic mixer, Poland, temperature 22 °C; time 1800 s; mixer speed 400 rpm) until a homogeneous system was obtained. Once the ingredients were combined, Tocopheryl Acetate was added and mixed again (time: 10 min) until a homogeneous product was obtained. The prepared oils were stored at room temperature for 2 months and protected from light. All developed and produced cosmetic oils were characterized by system stability. No unfavorable organoleptic changes in the appearance of the preparations were noted.




2.3. Methods


2.3.1. Density Measurement


The test was performed using a pycnometer and a precision laboratory scale from Radwag, Radom, Poland, at a temperature of 22 °C. Each raw material was measured five times, and then, the arithmetic mean of the results was calculated.




2.3.2. Viscosity Measurement


A Brookfield DV-I+ viscometer was used to measure dynamic viscosity (η). Measurements were carried out at a spindle speed of 50 rpm and a temperature of 22 °C. Each measurement was performed 5 times. The results presented in the charts are average values.




2.3.3. Contact-Angle Measurement


The contact angle (θ) was measured using the “sitting” drop method. The angle between the wetted surface of a solid body and the meniscus of the liquid at the point of contact with the body was analyzed. A special measurement set was used, consisting of a microsyringe, a camera, and a computer with the MultiScanBase digital image acquisition and processing system installed. Measurements were carried out at 22 °C. Polymethylmethacrylate (PMMA) plates were selected as the solid substrate as a commonly used material in cosmetics for in vitro SPF determination. The use of PMMA for research is more advantageous compared to artificial leather. Among other things, it is cheaper, easier to use in terms of surface preparation and cleaning, is repeatable in terms of chemical composition and surface roughness, and is suitable for repeated use [23]. The final results correspond to the mean of five reproducible experiments.




2.3.4. Surface-Tension Measurement


The surface-tension value (σ) was determined using the “tear-off ring” method. The method involves measuring the force that must be used to tear a ring made of thin platinum wire from the liquid surface. Measurements were made using the TD1C tensiometer from LAUDA. Measurements were carried out at 22 °C. For each liquid, 5 independent measurement series were performed, and the obtained results were averaged.




2.3.5. Color Measurement


Color measurements were made using a Konica Minolta CR-400 colorimeter, Wrocław, Poland. The measurements were carried out in the CIE system based on the measurement of three trichromatic components, namely L*a*b*, where: L* expresses the brightness, i.e., the intensity of color brightness. Brightness ranges from 0 (black) to 100 (white); a* means values between red and green; b* means values between yellow and blue. Each sample of the preparation was measured 5 times, and then, the average values of color parameters were determined from the measurements performed.




2.3.6. Selected Parameters of Epidermal Barrier Function


Measurements of the degree of skin hydration and lubrication were performed under the same environmental conditions. The room parameters were a temperature of 22 °C and a relative humidity of 40–60%. The test subjects (25 women aged 25–30) were acclimatized for 15 min so that blood circulation could return to normal after any physical exercise. All participants gave their informed consent for inclusion before they participated in the study. The scope of the study is in line with Regulation (EC) No 1223/2009 of the European Parliament and the Council, Cosmetics Europe–The Personal Care Association Guidelines “Product Test Guidelines for the Assessment of Human Skin Compatibility 1997”, Cosmetics Europe–The Personal Care Association “Guidelines for the Evaluation of the Efficacy of Cosmetic Products 2008”, and World Medical Association (WMA) Declaration of Helsinki’s Ethical Principles for Medical Research Involving Human Subjects. Skin hydration was tested using the Corneometer CM 825, which determined the capacitive resistance of the stratum corneum. Measurements were first performed on a designated 2 × 2 cm area of clean skin of the forearm. Then, 10 µL of cosmetic oil were applied to the same area of skin using a microsyringe, and the measurement was taken after 2 h. Measurements were performed with approximately 5 s breaks between each subsequent measurement. The final results correspond to the mean of five reproducible experiments. The condition of skin lubrication after the use of cosmetic oils was assessed using the Sebumeter SM 815 device, using the photometric method, a photometer with an oil spot. On the clean skin of the forearm, 2 × 2 cm areas were designated and 10 µL of the preparation were applied using a microsyringe. Then, the cassette attached to the device containing a synthetic, matte tape (thickness 0.1 mm, surface 64 mm) was pressed with constant force to the measuring area after 10 and 30 min. The measurement time is 30 s. The sebum level was reflected by the light transmission value in the range of 0–350. The final results correspond to the mean of five reproducible experiments.




2.3.7. Statistical Analyses


All statistical analyses were performed using the R package v. 3.6.1 [46]. Because the majority of experiments were a collection of five repeaters for an experiment, the samples were recomputed using an Effron bootstrap sample of 1000 repeats with replacement [47]. Statistical analyses were derived using the analysis of variances technique (ANOVA; StatSoft 13.1, Poland, Cracow). Post hoc analyses were performed employing the Tukey HSD test.






3. Results


3.1. Physicochemical Properties of Natural and Synthetic Cosmetic Emollients


3.1.1. Spreading Properties of Cosmetic Emollients


The spreading properties of raw materials and cosmetic products can be defined as their ability to cover the skin faster or slower [1]. The speed of the spread of raw materials depends on many factors, including density, dynamic viscosity, and surface tension. Therefore, in the first stage of the research, the features that affect the ability to spread natural and synthetic emollients were determined using instrumental analysis (density, viscosity, and surface tension). Figure 1, Figure 2 and Figure 3 show the physicochemical properties of natural and synthetic/semisynthetic cosmetic emollients.



Significant differences in dynamic viscosity (η) can be observed between the tested raw material samples. Dibutyl Adipate and Dicaprylyl Carbonate are characterized by the lowest viscosity value among the tested synthetic emollients, amounting to approximately 18–21 mPa·s. In turn, Octyldodecanol has the highest η value (114 mPa·s), which is over six times higher than the least viscous, Dibutyl Adipate. Unlike the results of measuring the dynamic viscosity of synthetic emollients, the results of measuring the viscosity of natural emollients do not differ significantly from each other. Among the tested vegetable oils, grape seed oil and sweet almond oil are characterized by the lowest viscosity values, 74.2 and 86.8 mPa·s, respectively. In turn, the highest η value among the tested natural oils was recorded for macadamia nut oil, which is 39 mPa·s more viscous than the least viscous grape oil.



The density of synthetic emollients Octyldodecanol and Dicaprylyl Carbonate is 0.841 and 0.843 g/cm3, respectively. Caprylic/Capric Triglyceride and Dibutyl Adipate have higher density values, with the highest density among synthetic emollients observed for Dibutyl Adipate—0.962 g/cm3. No impact denoted the type of natural emollients on the density of this type of raw materials. Castor oil has the highest density value (0.964 g/cm3) compared to the other tested vegetable oils. Grapeseed oil, sweet almond oil, and macadamia nut oil are characterized by comparable density results, within margins of error, ranging from 0.916–0.924 g/cm3.



Surface-tension values for natural emollients ranged from 31.6 to 37.1 mN/m, with the highest value observed for castor oil and the lowest for macadamia nut oil. Lower values of surface tension σ < 30 mN/m were recorded for the following synthetic emollients: CCTG, DA, and DC. Dicaprylyl Carbonate had the lowest value of the tested parameter, σ = 24.96 mN/m, and Octyldodecanol had the highest value, σ = 31.86 mN/m.




3.1.2. Color Evaluation of Cosmetic Emollients


The CIE Lab model is currently one of the most popular ways of describing color and is the basis of modern color diagnostic systems [48]. Color measurement is a method commonly used to qualitatively describe various types of cosmetic products and their ingredients. Among other things, synthetic and natural emollients may have different abilities to change the color of cosmetic products, e.g., emulsions.



The results of the L (lightness) parameter presented in Figure 4A indicate small differences between the tested synthetic emollients, which are within the margin of error. The values range from 25.64 to 26.40. The highest value of the L parameter, 26.4, was recorded for Octyldodecanol, which means that it is lighter than the rest of the tested synthetic emollients. The values of parameter a*, defining the limit of red and green color, do not fluctuate between individual emollients (Figure 4A), the results of which are between −0.23 and −0.28, with the exception of Caprylic/Capric Triglyceride whose a* parameter is −0.37. The values of b*, which determine the border of yellow and blue, similar to the parameter a*, do not differ significantly. The parameter b*, however, unlike the parameter a*, is positive. We can also again distinguish Caprylic/Capric Triglyceride, which in this case has the highest value of the b* parameter, 0.48. For Dibutyl Adipate and Octyldodecanol, the same value of the b* parameter was observed, 0.39.



Taking into account the results of colorimetric tests for natural emollients (Figure 4B), there was no significant influence of the type of emollient on the results of the L parameter. The results of the L parameter oscillated within the error range, from 26.18 to 26.98. As with synthetic emollients, the values of parameter a* are negative, indicating green color, and the values of parameter b* are positive, indicating yellow color. Grapeseed oil has the highest value of the a* parameter, −0.37, among natural emollients. Castor oil has the lowest value of this parameter (a* = −0.58). Analyzing the b* values presented in Figure 4B, which mark the boundaries of yellow and blue, it can be seen that grape seed oil has the highest value of 2.74, while sweet almond oil has the lowest value of 1.40.





3.2. Physicochemical Properties of Cosmetic Oils


3.2.1. Spreading Properties of Body Oils


One of the important factors affecting the quality of the final product in the case of cosmetics is their ability to spread on the skin, which, similar to raw materials, depends on the surface tension, dynamic viscosity, and contact angle of the cosmetics [49]. Figure 5 shows the results of testing the surface tension, dynamic viscosity, and contact angle of the developed cosmetic oils.



There is a significant difference in the results of dynamic viscosity, surface tension, and contact angle between the tested cosmetic oils made according to recipes F1–F3 and F4–F6. Recipes F1–F3, in which the predominant percentage was vegetable oils, were characterized by a significantly higher viscosity (6–10 times) than recipes F4–F6, in which synthetic emollients predominated (Figure 5A). There is also a noticeable difference in the viscosities of the F1–F3 recipes with a high percentage of natural oils. The highest viscosity η = 223.7 mPa·s is characterized by body oil (F2), which contains 50% castor oil and 30% macadamia nut oil. In formulations F4–F6, with the main share of synthetic emollients, the difference in the dynamic viscosity results was insignificant. ƞ values ranged from 23 to 27 mPa·s.



Formulations with a predominance of vegetable oils (F1–F3) are characterized by significantly higher contact-angle values (Figure 5C) than formulations with synthetic emollients (F4–F6). The values of contact angles (θ) on the PMMA surface for cosmetic oils based on natural oils range from 22.7° to 25°, while those based on synthetic emollients range from 10.6° to 14.7°. The lowest value of the contact angle (θ = 10.6°) was recorded for the F4 formulation containing mainly (50%) Dicaprylyl Carbonate and 30% Dibutyl Adipate. However, the highest value of the contact angle (θ = 25) was recorded for the F2 formulation containing mostly (50%) castor oil and 30% macadamia nut oil.



For formulations F1–F3, the surface-tension values (Figure 5B) are higher than for formulations F4–F6, with the highest value of the tested parameter (σ = 32.16 mN/m) characteristic of the cosmetic oil F2. However, the lowest value was observed for F4 body oil and is 25.1 mN/m.




3.2.2. Color Evaluation of Body Oils


In order to assess the color of cosmetic oils containing natural and synthetic emollients, colorimetric measurements were performed. Figure 6 shows the results of the determined parameters for the developed body oils.



The test results presented in Figure 6 indicate slight differences between the tested samples in terms of the L parameter, within the measurement error. These values range from 25.36 to 26.50. F1 body oil had the highest L value, 26.50, which means that it is lighter than the rest of the prepared preparations. The lowest L value measurement was recorded for F4 oil, which means that it was slightly darker than the others.



However, differences can be noticed between the results obtained for formulations F1–F3 and F4–F6 in terms of parameters a* and b*. The values of parameter a* for recipes in which the main ingredients are natural oils (F1–F3) are lower compared to recipes (F4–F6), which mostly consist of synthetic emollients. For the F3 cosmetic oil, containing mainly (50%) sweet almond oil and (30%) castor oil, it had the lowest value of the tested parameter a* (−0.77), among all tested samples. However, the highest value (−0.342) of the a* parameter was observed in F5 oil, containing mainly synthetic oils: 50% Caprylic/Capric Triglyceride and 30% Dicaprylyl Carbonate. The obtained results for parameter b*, unlike parameter a*, have positive values. Differences were observed between recipes F1–F3 and F4–F6. The first group of recipes based on vegetable oils (F1–F3) is characterized by higher values of the b* parameter. The highest value (1.77) was recorded for F2 oil, which contains 50% castor oil and 30% macadamia nut oil, and the lowest value of 0.43 was obtained for the F4 formulation containing mainly (50%) Dicaprylyl Carbonate and 30% Dibutyl Adipate.





3.3. Degree of Skin Hydration and Lubrication after Application of Developed Cosmetic Oils


The obtained results of testing the degree of skin hydration and the degree of skin lubrication after the application of the developed body oils are presented in Figure 7.



The degree of skin hydration (control areas) before the application of cosmetic oils was in all cases (Figure 7A) lower than the degree of skin hydration after the application of this type of cosmetics. Based on the results obtained, it was found that the difference in the degree of skin hydration between the control areas and the areas after using body oils (F1–F3) was greater than in the case of the results obtained for preparations based on synthetic emollients (F4–F6). The greatest difference in results can be seen in the case of recipe F2 based on (50%) castor oil, amounting to 15.14 a.u. The smallest difference in the level of skin hydration was recorded in the case of F6 cosmetic oil, containing mainly (50%) Dibutyl Adipate and 30% Caprylic/Capric Triglyceride.



The skin oil-level results (Figure 7B) varied depending on the oil used on the skin. The differences in the results ten minutes and thirty minutes after applying body oils were as follows: F1—48 µg/cm2; F2—21 µg/cm2; F3—25 µg/cm2; F4—29 µg/cm2; F5—51 µg/cm2, and F6—41 µg/cm2. This means that the average decrease in the level of skin lubrication after using oils F1–F3 (recipes with a predominance of natural emollients) and F4–F6 (recipes with a predominance of synthetic emollients) after thirty minutes was 31.3 µg/cm2 and 40.3 µg/cm2, respectively. The lowest decrease in the level of skin lubrication occurred after the use of F2 oil, which contains mainly 50% castor oil and 30% macadamia nut oil.





4. Discussion


Spreading properties are determined by, among others, chemical structure, molecular weight, and consistency of the emollient, and provide information about the lubricating nature of the system, which is an important factor when selecting the appropriate emollient for the preparation being developed. In the case of preparations, such as care oils intended for use on large body surfaces, the emollients used should have a high ability to spread on the skin. The process of spreading emollients is influenced by their physicochemical properties such as viscosity, density, contact angle, and surface tension. Based on the obtained research results, it was shown that the analyzed semi-synthetic and synthetic emollients are characterized by a wide viscosity range (from approximately 21 to 114 mPa·s) compared to natural emollients (from approximately 73 to 112 mPa·s). In their work, Douguet et al. [4] found that viscosity is the variable that seems to be the most reliable and effective in predicting the spread of the product on the skin. Moreover, they showed that the spreadability values of silicones, minerals, and vegetable oils are influenced, in addition to viscosity, by both surface tension and density. This study showed that vegetable oils are characterized by higher surface tension and density results compared to the results obtained for synthetic emollients. Similar results were obtained by Douguet et al. [4], who claimed that vegetable oils have higher surface tension than silicones, mineral oils, and esters. However, Gorcea and Laura [35] tested four emollients as branched esters. They found that distribution values depended on molecular weight, viscosity, and chemical structure. Furthermore, they showed that the higher the viscosity, the lower the spreading values. They also found that more polar esters showed lower surface-tension values. This is in accordance with the literature data characterizing the ability to distribute synthetic emollients (Table 1). Dicaprylyl Carbonate, with low viscosity and at the same time the lowest surface tension value, has a spreading capacity of 1600 mm2/10 min and belongs to emollients with a very high spreading capacity, Dibutyl Adipate, with a value of 1000 mm2/10 min, is classified as a raw material with high spreading capacity, and Octyldodecanol 600 mm2/10 min and Caprylic/Capric Triglyceride 550 mm2/10 min are classified as medium spreading capacity. Moreover, Kulawik-Pióro et al. [50] examined the physicochemical properties, i.e., dynamic viscosity, contact angle, and surface tension of vegetable oils. These were liquids of various viscosities, of which evening primrose oil had the lowest viscosity and milk thistle oil had the highest. According to Kim et al. [51] and Diamante, Lan [52], these differences result from the content of saturated fatty acids in their composition. Above 16%, an increase in oil viscosity is observed. Milk thistle oil, with the highest viscosity, contains approximately 19% saturated fatty acids, while evening primrose oil only 8%. The different viscosities of the oils translate into their ability to spread on the skin. The low surface-tension values (32–33 mN/m) and low contact angle (of the order of 50°) of the tested oils confirmed that, for example, borage and evening primrose oils were characterized by good distribution on human skin. In the case of the vegetable oils used in this study, the content of saturated fatty acids varied and was (Table 2) for Macadamia Ternifolia Seed Oil approx. 18% (the presence of acids such as palmitic acid, stearic acid, and arachidic acid), Prunus Amygdalus Dulcis (Sweet Almond) Oil approx. 11.5% (presence of acids such as palmitic acid and stearic acid), Ricinus Communis (Castor) Seed Oil approx. 5.5% (presence of acids such as palmitic acid and stearic acid), and for Vitis Vinifera (Grape) Seed Oil approx. 20% (presence of acids such as palmitic acid and stearic acid). For Ricinus Communis (Castor) Seed Oil with the lowest saturated acid content, the viscosity was above 100 mPa·s, as in the case of Macadamia Ternifolia Seed Oil, with more than three times higher saturated acid content. This calls into question the claim of Kim et al. [51] that only saturated acids determine the viscosity of the oil. In turn, Chao et al. [8] noticed that silicone had the lowest surface tension values, and hydrocarbons showed the highest volatility and the lowest viscosity values. The greatest surface properties were demonstrated primarily by esters, and in this group, diesters were characterized by a higher polarity content than monoesters. In the case of color test results, it was found that all emollients were characterized by negative values of parameter a*, indicating a green color, and positive values of parameter b*, indicating a yellow color. Grape seed oil was characterized by the most intense yellow color compared to the other vegetable oils. There were also differences in the results of parameters a* and b* depending on the group of emollients: natural to synthetic/semi-synthetic. Vegetable oils were characterized by more intense green and yellow colors compared to the results obtained for synthetic/semi-synthetic emollients.



According to Ivens, Steinkjer [49], the ability to spread on the skin is also controlled by the physicochemical form of the preparation. Viscosity, density, surface tension, and contact angle are the basic indicators of the quality of cosmetic oils, determining the consistency and wetting ability of this type of product. It is important that the parameters are at a level that allows the oil to be applied to the skin, good extraction from the packaging, and adequate wettability. Dynamic viscosity is the basic determinant of the quality of oils, indicating the consistency of this type of cosmetic product. It is important that this parameter has an appropriate level, enabling the application of cosmetics to the skin and dosing from the packaging [50,53]. Cosmetic body oils F1–F3, in which the predominant percentage was natural oils, were characterized by a significantly higher viscosity (6–10 times) than oils no. F4–F6, in which synthetic emollients predominated. The viscosity of oils with a higher share of synthetic oils was at the level of 20–25 mPa∙s. Lower dynamic viscosity values in the case of formulations with a higher share of synthetic oils may mean that their potential product dosing from the packaging is easier. Viscosity also affects the contact time of the preparation with the skin and the formation of an occlusive layer on the skin [54]. Formulations with a predominance of natural emollients also have a larger contact angle and higher surface-tension values than formulations with a predominance of synthetic emollients. F4 oil containing 50% Dicapryl Carbonate had the lowest values of surface tension and contact angle. However, it can be stated that the obtained values of surface tension and contact angle for the tested F4–F6 body oils have lower values compared to the results obtained for the F1–F3 preparations, indicating the potential good distribution of the cosmetic on the skin, which is consistent with the research results published by Douguet et al. [4]. The authors found that, based on research, dynamic viscosity, contact angle, and surface tension have a significant impact on the ability to spread oils onto the skin. Taking into account the assessment of the color of cosmetic oils, differences can be noticed in the case of parameters a* and b* for the tested body oils. For parameter a*, the values varied from −0.40 (F4) to −0.77 (F3). This means that the intensity of the green color of the tested oils decreases with the predominance of synthetic oils in the recipes. A similar tendency can be observed in the case of parameter b*, the intensity of the yellow color also decreases with the predominance of synthetic oils in the formulations. It should be noted that plant substances contain a wide range of active substances that may have the ability to change the color of a cosmetic product [44]. Among others, Bujak et al. [55] in their work analyzing the color assessment of cosmetic emulsions with plant extracts, i.e., globe amaranth (Gomphrena globosa L.), butterfly pea (Clitoria ternatea L.), safflower (Carthamus tinctorius L.), pomegranate (Punica sekretum L.), and corn poppy (Papaver rhoeas L.), observed a change in the color of the emulsion from white (base sample) into yellow, red and blue-violet. It can, therefore, be concluded that natural raw materials do not always have a positive effect, acceptable to the consumer, on the color of the final product, which may change during storage.



Skin hydration is an essential requirement for modern cosmetics, including cosmetic oils. The efficiency of the epidermal barrier depends on a properly developed stratum corneum [56]. It is composed of keratinocytes connected by a lipid matrix consisting of ceramides, cholesterol esters, and fatty acids. There is a hydrolipid coat on the surface of the stratum corneum. The weakening of this barrier may be caused by bacteria, allergens, diseases, and, consequently, inflammation. Rebuilding the proper protective barrier of the skin can be achieved by using emollients [57,58,59]. Taking into account the results obtained in this study, it can be concluded that the use of both synthetic and natural emollients in cosmetic oils contributes to the increase in skin hydration and lubrication. The greatest differences in skin hydration values before and after 2 h after applying the oils were recorded for the F2 recipe with a high proportion of Ricinus Communis Seed Oil (50%). This is due to the presence of fatty acids in the recipe, which have various effects on the skin. Formulation F2 contains castor oil, which belongs to the group of fatty emollients that are quickly absorbed by the skin. It is rich in ricinoleic acid (74–85%), linoleic acid (7.3–10.32%), and oleic acid (5.55–7.55%) (Table 2). Additionally, this formulation contains macadamia oil, in which oleic acid is present at a concentration of 54–68%. Ricinoleic acid, with its many derivatives, exerts skin-smoothing and moisturizing activities and recovers rough skin [60]. Oleic acid activates lipid metabolism, restoring the barrier function of the epidermis and retaining moisture in the skin [61]. Linoleic acid, the most abundant fatty acid in the epidermis, and its derivatives have an essential role in the structure and function of the SC permeability barrier. Linoleic acid, therefore, improves the epidermal barrier, protects against transepidermal water loss, and normalizes skin metabolism. Linoleic acid is also a natural component of sebum [62,63]. Improving skin hydration through the use of emollient mixtures (from the group Isostearyl Isostearate, Propylene Glycol Dicaprylate/Dicaprate, PPG-3 Benzyl Ether Ethylhexanoate, PPG-3 Benzyl Ether Myristate, Triethylhexanoin, and Caprylic/Capric Triglyceride) in prototypes of olive-oil recipes for children in relation to olive oil containing only mineral oil was also demonstrated in work [64]. However, in the work published by Kunik et al. [65], the authors examined the effect of various vegetable oils from the steppe zone of Southern Ukraine (Hypericum perforatum L., Silybum marianum L., Gaertn, Línum usitatíssimum L., Triticum aestivum L., Sésamum índicum L., Sinápis álba L., and Cucúrbita p é po L.) among others to moisturize and lubricate the skin. They found that the emulsion based on the proposed mixture of vegetable oils provided a good balance of moisture and fat on the skin for one hour, in contrast to the short-term effect of the emulsion based on mineral oil. The level of skin lubrication after application of the developed cosmetic body-oil formulations remained at a higher level in the case of formulations with a predominance of vegetable oils. The occlusive potential of vegetable oils depends on the content of acids in their composition, such as linoleic and α-linolenic acid. Occlusive ingredients found in vegetable oils are also the previously mentioned saturated acids, such as palmitic and stearic acids [50]. Among the analyzed vegetable oils used in the formulations, the highest content of linoleic acid was found in sweet almond oil (27.69%) and castor oil (10.32%), while macadamia nut oil contained the highest content of the mentioned saturated acids (15.5%). Moreover, Ricinus Communis (Castor) Seed Oil and Macadamia Ternifolia Seed Oil are characterized by higher viscosity than other oils, which may have a positive impact on their substantivity to the skin. The penetration ability of the emollients into the lipophilic stratum corneum also depends on both the polarity and the molecular size of the compound [50]. In most cases, plant oils, when applied topically, remain at the surface of skin, without deep penetration into the first upper layers of the SC [66]. Polar emollients are those whose surface tension is below 30 mN/m, and non-polar emollients are those whose surface tension is above 30 mN/m. According to the research results (Figure 1, Figure 2 and Figure 3), vegetable oils were non-polar emollients—they could create a continuous occlusion on the skin, retaining moisture in the skin and providing it with a good protective barrier. The synthetic emollients tested (except Octyldodecanol) can create a discontinuous occlusion, allowing the skin to breathe and not clog pores. Therefore, both formulations F2 and F3 showed one of the highest levels of lubrication after 10 min, respectively, 248, 245 µg/cm2. Moreover, the F2 formulation showed the lowest decrease in the level of flaking over the analyzed period. In this case, in addition to the composition of the formulation, the highest contact angle, the highest viscosity, and surface tension had an influence. Features of the formulation ensure that the product spreads evenly on the skin, creates a uniform protective layer, and remains on the skin for a sufficiently long time.




5. Conclusions


The raw-materials market offers natural and synthetic emollients with various physicochemical properties. By selecting them appropriately, it is possible to develop recipes for emollient preparations with precisely defined functional and therapeutic features—improving the epidermal barrier. Emollients affect the performance of a product in several ways, including the consistency of the formulation, the feel on the skin, the moisturization and lubricity of the skin, and the marketability of the product. Closely related to this are the physicochemical properties of the emollients themselves and the formulations based on them.



In the case of the analyzed synthetic emollients, there are significant differences in their viscosity, which are not observed for natural emollients. In addition, natural emollients are characterized by higher viscosity and obtain higher surface-tension values than synthetic emollients. It is worth noting that natural emollients are characterized by a more intense yellow and green color, which affects, not necessarily positively, the color of the finished product. As physicochemical studies of finished formulations have shown, in order to obtain preparations with higher viscosity, the formulation of cosmetic oils should be based mainly on vegetable oils. Cosmetic oils based on natural emollients were characterized by higher surface tension and contact-angle results relative to those obtained for cosmetic oils based on synthetic emollients. Thus, products containing mainly vegetable oils are non-polar and have weaker spreading abilities. On the other hand, it was shown that the difference in skin hydration levels between control areas and areas after the application of body oils was significantly higher in the group of natural emollients. Also, the level of skin lubrication depended on the type of formulations used. Formulations with a predominance of natural emollients showed a lower decrease in the level of oiliness.



In summary, by properly selecting the type and concentration of emollients in the formulation of cosmetic oils, it is possible to obtain products with adequate spreading ability on the skin, forming a homogeneous protective layer on the skin and remaining on the skin for a sufficiently long time. Emollients dedicated to this type of formulation should be characterized by sufficiently low surface tension, contact angle, and moderate viscosity. On the other hand, the observed improvement in skin hydration as well as in the level of lubrication after the use of formulations containing mixtures of natural and synthetic emollients confirms that both groups of these raw materials can be components of cosmetic body-oil formulations with emollient action. In turn, the products themselves can be an important element in the care of healthy skin involving the maintenance of an adequate level of hydrolipids on the surface of the stratum corneum, but also as cosmetics to help rebuild the protective barrier of the skin affected by disease.
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Figure 1. Dynamic viscosity of cosmetic emollients. (A)—natural emollients; (B)—synthetic/semisynthetic emollients; Natural emollients: MTSO—Macadamia Ternifolia Seed Oil, PADO—Prunus Amygdalus Dulcis (Sweet Almond) Oil, RCSO—Ricinus Communis (Castor) Seed Oil, VVSO—Vitis Vinifera (Grape) Seed Oil. Synthetic/semisynthetic emollients: CCTG—Caprylic/Capric Triglyceride, DA—Dibutyl Adipate, OD—Octyldodecanol, DC—Dicaprylyl Carbonate; ***—significance level p < 0.001, ****—significance level p < 0.0001. 
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Figure 2. Density of cosmetic emollients. (A)—natural emollients; (B)—synthetic/semisynthetic emollients; Natural emollients: MTSO—Macadamia Ternifolia Seed Oil, PADO—Prunus Amygdalus Dulcis (Sweet Almond) Oil, RCSO—Ricinus Communis (Castor) Seed Oil, VVSO—Vitis Vinifera (Grape) Seed Oil. Synthetic/semisynthetic emollients: CCTG—Caprylic/Capric Triglyceride, DA—Dibutyl Adipate, OD—Octyldodecanol, DC—Dicaprylyl Carbonate; ***—significance level p < 0.001, ****—significance level p < 0.0001. 
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Figure 3. Surface tension of cosmetic emollients. (A)—natural emollients; (B)—synthetic/semisynthetic emollients; Natural emollients: MTSO—Macadamia Ternifolia Seed Oil, PADO—Prunus Amygdalus Dulcis (Sweet Almond) Oil, RCSO—Ricinus Communis (Castor) Seed Oil, VVSO—Vitis Vinifera (Grape) Seed Oil. Synthetic/semisynthetic emollients: CCTG—Caprylic/Capric Triglyceride, DA—Dibutyl Adipate, OD—Octyldodecanol, DC—Dicaprylyl Carbonate; ***—significance level p < 0.001, ****—significance level p < 0.0001. 
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Figure 4. Three-dimensional clustering of colorimetric parameters of emollients. (A)—synthetic/semi-synthetic emollients: CCTG—Caprylic/Capric Triglyceride, DA—Dibutyl Adipate, OD—Octyldodecanol, DC—Dicaprylyl Carbonate; (B)—natural emollients: MTSO—Macadamia Ternifolia Seed Oil, PADO—Prunus Amygdalus Dulcis (Sweet Almond) Oil, RCSO—Ricinus Communis (Castor) Seed Oil, VVSO—Vitis Vinifera (Grape) Seed Oil. 
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Figure 5. Physicochemical properties of body oils. (A)—dynamic viscosity, (B)—surface tension, (C)—contact angle. F1–F3 and F4–F6 specific recipes. For F1–F3, the predominant ingredient was vegetable oils, whereas for F4–F6, the predominant ingredient was synthetic/semi-synthetic emollients, ***—significance level p < 0.001, ****—significance level p < 0.0001. 
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Figure 6. Three-dimensional clustering of colorimetric parameters body oils. F1–F3 and F4–F6 specific recipes. For F1–F3, the predominant ingredient was vegetable oils, whereas for F4–F6, the predominant ingredient was synthetic emollients. 






Figure 6. Three-dimensional clustering of colorimetric parameters body oils. F1–F3 and F4–F6 specific recipes. For F1–F3, the predominant ingredient was vegetable oils, whereas for F4–F6, the predominant ingredient was synthetic emollients.



[image: Applsci 14 02783 g006]







[image: Applsci 14 02783 g007] 





Figure 7. Diagnosing the condition of the skin before and after the application of body oils. (A): degree of skin hydration; (B)—level of skin lubrication. F1–F3 and F4–F6 specific recipes. For F1–F3, the predominant ingredient was vegetable oils, whereas for F4–F6, the predominant ingredient was synthetic emollients. 
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Table 1. Characteristics of semi-synthetic emollients (Caprylic/Capric Triglyceride) and synthetic emollients (Dibutyl Adipate, Octyldodecanol, and Dicaprylyl Carbonate).
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	Designation
	INCI Name/Trade Name/Manufacturer
	Chemical Family/Name
	Molecular Weight

[g/mol]
	Appearance:
	Spreading Value [mm2/10 min]





	CCTG
	Caprylic/Capric Triglyceride/Crodamol GTCC/Croda; Cracow, Poland
	fatty acid esters, esters/Mix of tri-esters with carbon chains of C8 and C10 derived from coconut oil and glycerin;
	408.58
	Liquid
	550



	DA
	Dibutyl Adipate/Cetiol B/Basf; Warsaw, Poland
	esters/adypinian dibutylu; diester of butyl alcohol and adipic acid
	258.35
	Liquid
	1000



	OD
	Octyldodecanol/Eutanol G/Basf; Warsaw, Poland
	primary branched-chain alkohol/2-Octyl-1-dodecanol;
	298.50
	Liquid
	600



	DC
	Dicaprylyl Carbonate/Cetiol CC/Basf; Warsaw, Poland
	Esters/dioctyl carbonate;

diester of carbonic acid and octanol
	286.50
	Liquid
	1600










 





Table 2. Characteristics of natural emollients.
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	Designation
	INCI Name/Common Name/Manufacturer
	Fatty Acids Composition of Vegetable Oils [37,38,39,40,41,42,43,44,45]
	Appearance:





	MTSO
	Macadamia Ternifolia Seed Oil/Macadamia nut oil/Ecospa; Warsaw, Poland
	Oleic acid 54–68%

Palmitoleic acid 16–23%

Palmitic acid 7–10%

Stearic acid 2–5.5%

Arachidic acid 1.5–3%

Linoleic acid 1–3%

Eicosenoic acid 1–3%
	Liquid



	PADO
	Prunus Amygdalus Dulcis (Sweet Almond) Oil/Sweet almond oil/Ecospa; Warsaw, Poland
	Oleic acid 50–77.63%

Linoleic acid 13.38–27.69%

Palmitic acid 5.59–8.15%

Stearic acid 1.36–3.37%

Palmitoleic acid 0.41–0.76%
	Liquid



	RCSO
	Ricinus Communis (Castor) Seed Oil/Castor oil/Ecospa; Warsaw, Poland
	Ricinoleic acid 74–84%

Linoleic acid 7.3–10.32%

Oleic acid 5.5–7.55%

Stearic acid 1.2–2.81%

Palmitic acid 1.3–2.59%

Erucic acid 1.70%

Eicosadienoic acid 0.93%

linolenic acid 0.5%
	Liquid



	VVSO
	Vitis Vinifera (Grape) Seed Oil/Grapeseed oil/Ecospa; Warsaw, Poland
	Stearic acid 3.42–9.93%

Palmitic acid 7.81–10.66%

Oleic acid 14.29–19.92%

Linoleic acid 66.85–72.47%
	Liquid










 





Table 3. Body-oils formulations.
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Ingredients [INCI]

	
Concentration [wt.%]

Symbol of Cosmetic Oils




	
F1

	
F2

	
F3

	
F4

	
F5

	
F6






	
Macadamia Ternifolia Seed Oil

	
50

	
30

	
15

	
1.5

	
1.5

	
1.5




	
Ricinus Communis (Castor) Seed Oil

	
15

	
50

	
30

	
1.5

	
1.5

	
1.5




	
Prunus Amygdalus Dulcis (Sweet Almond) Oil

	
30

	
15

	
50

	
1.5

	
1.5

	
1.5




	
Dicaprylyl Carbonate

	
1.5

	
1.5

	
1.5

	
50

	
30

	
15




	
Caprylic/Capric Triglyceride

	
1.5

	
1.5

	
1.5

	
15

	
50

	
30




	
Diputyl Adipate

	
1.5

	
1.5

	
1.5

	
30

	
15

	
50




	
Tocpheryl Acetate

	
0.5

	
0.5

	
0.5

	
0.5

	
0.5

	
0.5
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