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Abstract

:

Products designed to cleanse the skin commonly do so through surfactant action, which leads to the lowering of the surface tension of the skin to facilitate the removal of dirt from its surface. Skin cleansers generally come in one of two types: soap-based and synthetic detergents, or syndets. While the latter can effectively maintain the native skin structure, function and integrity, the former tends to negatively affect the skin by causing barrier disruption, lipid dissolution and pH alteration. Despite this, soap is still often preferred, possibly due to the negative connotations around anything that is not perceived as ‘natural’. It is, therefore, important that the science behind cleansers, especially those designed for the maintenance of healthy skin and the management of common skin conditions such as eczema, be understood by both formulators and end-users. Here, we carefully weigh the advantages and disadvantages of the different types of surfactant—the key ingredient(s) in skin cleansers—and provide insight into surfactants’ physicochemical properties, biological activity and potential effects. Fine-tuning of the complex characteristics of surfactants can successfully lead to an ‘optimal’ skin cleanser that can simultaneously be milder in nature, highly effective and beneficial, and offer minimal skin interference and environmental impact.
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1. Introduction


The stratum corneum (SC) is the uppermost layer of the skin’s epidermis, and is a biochemically complex but highly organised interface with the external environment. The SC is usually described as a ‘bricks and mortar’ structure in which the protein enriched, flattened corneocytes (dead keratinocytes lacking vital cellular organelles) are the ‘bricks’, and the lipid-rich matrix in which they are embedded is the ‘mortar’ [1]. This lipid matrix predominantly contains ceramides (40–50%), cholesterol (25%) and free fatty acids (10–15%) [2,3,4,5]. These three major classes of lipids within the SC are biophysically and biochemically distinct from other conventional eukaryotic membrane constituents (e.g., glycerolipids, sphingolipids, sterols) that are involved in the structural and functional landscape of the cell membrane’s lipid bilayers [6]. SC lipid precursors are generated during keratinocyte differentiation, and are afterwards intracellularly packaged into lamellar bodies in a highly ordered manner and subsequently enzymatically converted and eventually secreted into the extracellular domain of the SC [2,3,7]. The SC lipids spontaneously and in an orderly manner form multiple bilayers, which interact with corneocyte envelope-bound lipids [4,8]. In deeper layers of the SC, lipids are predominantly ordered into a densely packed orthorhombic crystalline configuration, which acts as a restrictive barrier to liquid transport. Closer to the SC surface, the lipids form a dispersed hexagonal lattice configuration that permits more liquid to pass through more freely [9,10].



The highly ordered SC lipid configuration is characterised by its unique properties, composition, and the specialised compartmentalisation within the lamellar lipid membrane, which maintains SC water content, regulates water flux, and modifies the rate and magnitude of transepidermal water loss (TEWL). Such mechanisms are highly dynamic and function continuously to maintain homeostasis of the SC, the epidermis and the skin in its entirety [2]. As such, the SC is a robust factory that is in operation at all times, ensuring the maintenance of the skin’s adaptive and protective barrier [2,11]. Exogenous stressors can impede the skin’s protective properties, so reducing exposure to, and minimising practices such as skin cleansing with, harsh cleansers (e.g., alkaline soaps) that can cause perturbation and damage to the SC proteins, lipids and natural moisturising factor (NMF) components (e.g., free amino acids, sugars) is critical to decreasing the stress load on the skin’s structural and functional integrity [2].



It is generally recognised [7,9,12,13,14] that all types of skin, from healthy to diseased, infant to aged, need to be kept clean in order to preserve their barrier properties. The main objective of skin cleansing is to remove impurities from the skin’s surface [15,16] and to control its odour, without removing protective SC surface proteins and lipids, affecting skin microbiota [17] or altering pH [13,18]. This can be a substantial challenge, as the skin’s composition and barrier integrity are intricate, inconsistent, and dynamic, as described above [13,18].



As most of the impurities and contaminants that are found on the skin’s surface are not water-soluble, cleansing the skin with water alone is inadequate; hence, there is a need for surfactant-containing products [15]. Unlike water, surfactant-containing products are capable of breaking down and emulsifying most of those skin impurities and contaminants into finer particles and enabling their subsequent detachment and removal from the surface of the skin [3,7]. This makes surfactants a key component of skin maintenance. However, not all surfactants are created equal, with some, namely soap-based surfactants, creating more problems than they address [3,9,10,13,16,17,19,20,21,22,23,24,25,26,27,28,29,30,31].



This review will: (1) compare and contrast the key attributes of soaps and syndets; (2) discuss the advantages and disadvantages of different types of surfactant and provide insight into their physicochemical properties, biological activity and potential effects; (3) provide insight into the skin cleansers that are best suited for particular skin conditions such as eczema; and, (4) elucidate how a deeper understanding of the complex characteristics of surfactant chemistry and its effects on the skin can successfully lead to the development of a new generation of skin cleansers with optimal properties, characterised by mildness and a highly effective and beneficial cleansing capacity with minimal skin interference and environmental impact.




2. Soaps vs. Syndets: Similarities and Differences


A diverse range of skin cleansers exist today, but they all generally fall into two types: soap-based and syndets. Both soap- and syndet-based cleansers contain at least one (often more than one) surfactant, a class of organic compounds that are amphiphilic/amphipathic, that is, they contain both nonpolar or hydrophobic (water-hating and lipid-loving) moieties, also known as ‘tails’, and polar or hydrophilic (water-loving) moieties, also known as ‘heads’. Therefore, they are soluble in both water and organic solvents [21]. Due to surfactants’ unique chemistry and characteristics, hydrophobic compounds present in excess sebum and other undesired substances (e.g., dirt, oils) on the skin’s surface are washed away with greater ease than could be achieved with water alone [7,9,12,13].



While soaps and syndets are similar in that they cleanse dirt and impurities from the surface of the skin, their distinct chemical properties and physiological effects can be markedly different [3,9,10,13,16,17,19,20,21,22,23,24,25,26,27,28,29,30,31] (Figure 1).



2.1. Soaps vs. Syndets: Key Points of Difference


The key points of difference between soaps and syndets (Figure 1) include the following: their historical perspective of discovery and use [19,29] (see Section 2.1.1); chemistry [9,16,24,29] (see Section 2.1.2); ingredient composition and general formulation [3,17,25] (see Section 2.1.3); pH (see Section 2.1.4) [22,24,25]; surfactant characteristics [13,21,32], cleansing capacity [13,16,21,27,32,33] and antimicrobial activity [23,28] (see Section 2.1.5); mildness [13,16,21,27] (see Section 2.1.6); sustainable sourcing of surfactants and their environmental impact [26,30,34,35,36] (see Section 2.1.7); and interaction with the skin [3], associated benefits and negative effects [3,9,10,20,25] (see Section 3).



2.1.1. Historical Perspective of Discovery and Use


Traditional soap has existed as a cleanser for millennia, and as such, has a rich and long history (Figure 1). Early records show that soap-like materials were used by the Babylonians and Sumerians in 3000–2000 BC. Furthermore, there are references to soap in historical records from Ancient Egypt, Gaul and Classical Antiquity. For example, the inhabitants of Gaul, now Western Europe, used to prepare a specific substance from tallow (beef or sheep fat) and beech wood ash to dye their hair red and to treat a variety of skin conditions [29,37]. According to a Roman legend, the first ‘primitive’ soap making (what is today known as the process of saponification) [29,38] (see Section 2.1.2) took place on Mount Sapo (‘sapo’ meaning soap in Latin), a site close to Rome, where animals were sacrificed; animal fat was mixed with the plant ash and the addition of rainwater formed a mixture useful for washing clothing and skin [29]. In Europe, especially in the Mediterranean (Spain, France and Italy) soap making was well-established in the 9th and 10th century. In those days, soap was a luxury affordable only by the very rich. Mass production of soap started in the 19th century, and was a huge industry by the turn of the century, with multifarious soap bars available [37]. Still considered a medicinal product in the 19th century, it was not until the Act of 1975 in France, and then European Parliament and Council Directive 76/768/EEC10, that soap was categorised as a cosmetic. To comply with this new definition, there can now be no claim of any preventive or even curative property with regard to human conditions and diseases [29].



Syndets, on the other hand, are relative newcomers and have a much shorter, roughly 100 year history, with origins in the early 20th century (Figure 1). It was in the late 1940s following World War II that development of syndets took off to gradually gain major importance in the areas of personal hygiene and laundry products. Their relatively recent use corresponds to a societal need to have more environmentally friendly and milder-in-nature hygiene products that also come with minimal to no adverse effects [26,29].




2.1.2. Chemistry


Soap is a salt of fatty acid (Figure 1) obtained through saponification (literally ‘conversion into soap’) of animal fat such as tallow and lard-pork fat (which contains fatty acids such as saturated palmitic and stearic acids and an unsaturated fatty acid such as oleic acid) or vegetable fat such as olive oil, palm oil and coconut oil with a strong base such as sodium hydroxide (caustic soda/lye), potassium hydroxide (potash) and magnesium hydroxide. The most common fatty acid chain lengths are usually in the C12–C18 range [29,30]. These combinations produce a number of different types of soap, including sodium tallowate, sodium palmate, sodium laurate, sodium cocoate, sodium oleate and magnesium stearate [9,24,29]. The choice between caustic soda and potash will influence the nature of the resulting soap at room temperature: soaps from caustic soda are solid (known as ‘white soaps’), whereas soaps from potash are liquid (known as ‘black soaps’) [29].



Syndets are chemically synthesised from fats, petroleum/petrochemicals, or oil-based products (oleochemicals) and alkali through a combination of chemical processes other than saponification, namely, sulfonation (the process of attaching the sulfonic acid, –SO3H functional group), ethoxylation (the process of attaching ethylene oxide, C2H4O) and esterification (carboxylic acids reacting with alcohols to form esters) [30] (Figure 1). Therefore, a syndet usually comprises a blend of synthetic compounds such as fatty acid isothionates or sulfosuccinic acid esters (e.g., alkyl sulfates and alkyl sulfosuccinates) [7,24,30].




2.1.3. Ingredient Composition and General Formulation


Surfactants (be they non-ionic, anionic, cationic or amphoteric) (see Section 2.1.5) are the principal constituents of most soap and syndet formulations given that they are responsible for its cleansing action and antimicrobial activity [7]. The type, concentration and combination of surfactant, its rinsability factor and pH can have a bearing on the products resulting in drying and irritancy potential to healthy, compromised and diseased skin [7,39] (see Section 3).



In addition to surfactants, soaps and syndets also commonly contain a combination of some or most of the following ingredients: (1) water (or a suitable organic solvent) [7,39,40]; (2) barrier-maintaining and barrier-enhancing moisturisers to maintain and (re)hydrate the skin barrier [2,7,24,30,39]; (3) binders and plasticizers to stabilise the formulation [7,24,30,39]; (4) fillers to harden the formulation if required [24,30,39]; (5) lather/foam enhancers or boosters [24,39]; (6) preservatives to prevent the growth of microorganisms [24,30,39] and (7) fragrance and colour, which are usually only present in soaps [24,30,39].




2.1.4. The Role of pH and Its Effect on the Skin’s Barrier Integrity


As detailed above, the process of saponification requires the use of a strong base, which always results in a highly alkaline product. As the skin itself has a slightly acidic pH, between 4.0 and 6.0 [41,42,43,44,45,46] (Figure 2), application of an alkaline product to it will obviously lead more often than not to multiple negative effects. Conversely, syndets are usually the superior choice for all types of skin, as the processes used to create them allow for their pH to be adjusted to be similar to that of the skin, resulting in minimal disruption of the skin’s barrier and native microflora [24,30,39].



Soap has a pH typically in the range of 8.5–11.0, whereas the pH of a syndet is slightly acidic to neutral, with a range of 5.5–7.0, indicating an overlap between the pH of the skin and syndet and no overlap between the skin and soap [24] (Figure 2). Such differences in pH between soaps and syndets have an extensive effect on the interaction of skin cleansers with the SC [3,25] (see Section 3). For example, it has been reported that the skin proteins swell markedly if the cleanser pH is highly alkaline (pH > 8.0). Optical coherence tomography (OCT) images of the SC [9,37] after its exposure to acidic, neutral, and alkaline pH conditions, showed that there is significantly greater swelling of the SC in alkaline pH solutions. Alkaline pH also has an effect on SC lipids, as it can ionise fatty acids in the lipid bilayers, making them more ‘structurally like soap’ molecules that in turn can cause overall destabilisation of the lipid bilayers [37].



The pH of the skin is also essential for the adhesion of resident (e.g., Staphylococcus epidermidis) skin microflora. An acidic pH of the skin keeps the resident bacterial flora attached to the skin, whereas an alkaline pH promotes its dispersion from the skin. Swelling of the skin under alkaline conditions may potentially weaken the corneocytes, simultaneously allowing the resident bacteria to diffuse across the skin’s surface as well as diminishing their beneficial attributes, and permitting transient (opportunistic and pathogenic) bacteria such as Staphylococcus aureus to colonise the skin and thrive under such ‘heavenly’ conditions [23,41,47].



More recently, a new class of syndets that contains a combination of surfactants such as sulfosuccinate and acyl isethionate have pH values in the range of 5.0–5.5 [25,37]. Such syndets with pH being close to the skin’s native pH have ‘friendly’ mildness claims that imply less damaging effects to the skin. [3,15,37] (see Section 2.1.6 and Section 3).




2.1.5. Surfactant Characteristics, Cleansing Capacity and Antimicrobial Activity


Surfactants are broadly categorised into four major types based on the charge present in the hydrophilic head group (Figure 3): (1) non-ionic (no charge) (see Section Non-ionic Surfactants); (2) anionic (negative charge) (see Section Anionic Surfactants); (3) cationic (positive charge) (see Section Cationic Surfactants) and (4) amphoteric/zwitterionic (dual charge) (see Section Amphoteric/Zwitterionic Surfactants). Different types of surfactants are used individually or more commonly in combination with each other to integrate suitable properties (e.g., cleansing capacity, mildness, antimicrobial activity) (Figure 3) into different soap and syndet formulations (e.g., bar, wash, cream, lotion, gel) [7,14,21,32].



Non-Ionic Surfactants


Non-ionic surfactants (e.g., fatty alcohols and alcohol ethoxylates, polyoxyethylene family) have no electrical charge in their hydrophilic head. Their cleansing capacity (Figure 3) and lather characteristics are quite weak; therefore, they are considered the most gentle. Moreover, non-ionic surfactants usually have the lowest skin irritancy potential amongst the different types of surfactants [21,48,49]. Nevertheless, it has been reported [9,50] that non-ionic surfactants have a greater tendency to dissolve stearic acid than do anionic surfactants, which may translate into greater dissolution of skin lipids, if cleansers with excessive levels of non-ionic surfactants are used [9,21]. This hypothesis is consistent with transmission electron microscopic (TEM) studies [9,50] that show that non-ionic surfactant-based cleansers alter the lipid region to a greater extent than do mild cleansers with sodium cocoyl isethionate as the surfactant [51]. Among the compounds belonging to the group of non-ionic surfactants are alkyl polyglucosides, coco glucoside, lauryl glucoside and decyl glucoside [9,21].



There are a limited number of studies reporting on the antimicrobial activity of non-ionic surfactants. Nevertheless, it was found that C10E6 and C12E6 members of the polyoxyethylene family of surfactants showed efficacy against Escherichia coli (E. coli) [28]. The C10 surfactant adsorbed on the bacterial cell wall, whereas the C12 surfactant penetrated the membrane bilayer, and both pathways hindered bacterial cell viability. Other non-ionic surfactants such as C14 and C16 had no microbial effect [28].
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Figure 3. Categorisation of surfactants according to their hydrophilic head charge, and comparison of their associated cleansing capacity and antimicrobial activity [9,10,13,14,16,21,23,27,28,32,51]. 
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Anionic Surfactants


Anionic surfactants are the most commonly used type of surfactant—together with cation surfactants, they are known as primary surfactants—in both soaps and syndets, constituting 70–75% of total worldwide surfactant consumption [14,21,32,52,53,54]. The members of this group have the highest cleansing capacity (Figure 3) and excellent lather characteristics, while generally being considered potent irritants to the skin [21]. Due to a negative charge and repelling action from most surfaces (which tend to be slightly negatively charged as well), anionic surfactants, in addition to their ability to emulsify oil and dirt into wash solutions, can lift contaminants and impurities from surfaces. Most anionic surfactants will generate significant foaming in solution, which is a desirable attribute in most cleansing applications. Anionic surfactants can be further subdivided according to their polar group chemistry into carboxylates, sulfates, sulfonate, phosphate esters and isethionates, with some specific examples including sodium laureth sulfate, sodium lauroyl sarcosinate, or sodium cocoyl isethionate. Furthermore, anionic surfactants are often combined with non-ionic and amphoteric surfactants, which are also known as secondary surfactants. Such addition of various non-ionic and amphoteric surfactants can decrease the irritancy potential of anionic surfactants and leave the skin with a pleasant feel [14,21,27,32,52,53,54].



Anionic surfactants have been leveraged as moderate antimicrobials (Figure 3). For example, it has been noted [28] that acidic, anionic formulas (containing ingredients structurally similar to the microbial cell wall lipids) at a pH of 2.0–3.0 aid in antimicrobial efficacy. The isoelectric points of many proteins (when the net charge of a protein becomes zero) are known to be within the pH range of 2.0–3.0, resulting in a switch in overall cell charge, from negative to positive [28].




Cationic Surfactants


Cationic surfactants represent one of the smaller classes of surfactants. These particular surfactants are positively charged and have lower and milder cleansing properties, but higher antimicrobial activity, than anionic surfactants (Figure 3). Cationic surfactants have irritancy potential similar to that of anionic surfactants, but may be marginally more damaging (when skin barrier damage and its permeability alterations become irreparable) to the skin [21]. The most common cationic surfactants are amine salts and quaternary ammonium salts (e.g., benzalkonium chloride). Benzalkonium chloride dissociates in aqueous solution to provide a relatively large and complex cation, which is responsible for the surface activity, and a smaller anion [28]. Additionally, it has broad-spectrum antimicrobial activity against an array of different microorganisms including bacteria (e.g., S. aureus), lipophilic viruses and fungi [55,56]. Benzalkonium chloride’s proposed antimicrobial mechanism of action involves five distinct steps: (1) adsorbs and penetrates the cell wall membrane; (2) disrupts lipid membranes to cause structural and functional disorder; (3) induces leakage and release of the cell’s content; (4) promotes breakdown of proteins, lipids and nucleic acids and (5) induces cell lysis, culminating in cell death [28,57].




Amphoteric/Zwitterionic Surfactants


Amphoteric surfactants exhibit the properties of either anionic or cationic surfactants [21,48]. They are generally less aggressive on the skin than anionic surfactants. Amphoteric surfactants are often used in combination with either anionic or cationic surfactants to enhance mildness [9,21]. Amphoteric surfactants also demonstrate good cleansing capacity (Figure 3) and lather characteristics, a moderate antimicrobial activity (Figure 3), compatibility with a wide pH range and a lack of cytotoxicity [21]. As such, these types of surfactants enjoy wide use. Commonly used amphoteric surfactants include cocamidopropyl betaine, lauryl betaine, sodium cocoamphoacetate and disodium cocoamphodiacetate [9,27,58].



Amphoteric surfactants have minimal impact on the biocidal activity of quaternary ammonium salts. Similarly to non-ionic surfactants, they are often used in antimicrobial preparations that contain cationic surfactants [58]. Furthermore, it was found that a synergy in antimicrobial performance exists between two quaternary ammonium salts, namely, cocoamidopropyl betaine and alkyl dimethyl amine oxide [28,59].





2.1.6. The Concept of Mildness and Its Impact on the Skin


The ‘mildness’ of surfactants on the skin is of paramount importance due to their high frequency of use, especially when it comes to skin affected by conditions such as eczema and psoriasis. Thus, it is imperative to develop surfactants with as little impact as possible on the skin’s functional and structural integrity. Identification of the mechanisms underlying surfactant-related damage such as dryness or tightness through ultrastructural changes of the SC proteins and lipids should be very helpful in reducing the overall irritancy of surfactants [9,10,20,24,51,60]. There can be significant damage to both protein and lipid regions of the SC after multiple washes with a soap bar, whereas under the same conditions, skin cleansed with a syndet showed well-conserved protein and lipid regions of the SC [50]. This study also showed a good correlation between damage to SC ultrastructure and high TEWL [9,50]. The TEWL results, measured using an evaporimeter immediately after a wash, show that harsher soap induces a higher rate of evaporation than milder syndets [20]. Furthermore, a non-ionic surfactant-based cleanser resulted in a disrupted lipid region of the SC with minimal damage to proteins [9,50]. It was also shown that the soap-washed samples demonstrated significant uplifting of cells and surface roughness; by contrast, syndet-washed samples showed no signs of uplifting of cells. While these represent exaggerated conditions, they clearly demonstrate the potential for damage from soap systems (see Section 3). These results are consistent with the well-accepted mildness of syndets vs. soaps [9] (Figure 1).




2.1.7. Sustainable Sourcing of Surfactants and Their Environmental Impact


Nowadays, a rise in product demand and environmental awareness is driving the development of a new generation of sustainable and environmentally friendly surfactants, including biosurfactants (green surfactants) of plant [36] (see Section Biosurfactants of Plant Origin) and microbial [35,36,61] (see Section Biosurfactants of Microbial Origin) origin and amino acid-based surfactants [34,62] (see Section Amino Acid-based Surfactants). When compared to conventional surfactants found in soaps and syndets, the main advantages of these novel surfactants include their high biodegradability profile, creating less hazardous waste, renewability, low risk of toxicity, functionality under extreme conditions (e.g., temperature and pH), and long-term physicochemical stability [35]. Such properties allow these surfactants to be used across various industries (e.g., food, cosmetic and pharmaceutical) in a range of processes (e.g., emulsification, separation) to reduce surface tension and to promote the penetration of bioactives through biological membranes [34,35,36,63].



Furthermore, unlike most conventional surfactants, the constituents of biosurfactants including sugars, lipids and proteins are similar to phospholipids, glycolipids and proteins found in the membrane of skin cells. The movement of molecules and compounds across the membrane of skin cells is dependent on their lipophilicity and surface activity; therefore, the unique structure of biosurfactants provides a high rate of permeability through the membrane of skin cells to regulate skin barrier functions. This subsequently triggers beneficial effects relating to skin protection mechanisms [64]. However, the application of biosurfactants as skin cleansers is still in its infancy.



Biosurfactants of Plant Origin


Plant-based surfactants are naturally omnipresent in different parts of plants, including the roots, stems, leaves, flowers, fruit, and seeds. Like any other conventional surfactants, they are amphiphatic molecules that constitute a diverse group of compounds characterised by a structure made up of phospholipids (e.g., lecithin, phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol), proteins or protein hydrolysates [36] and saponins [36,65]. Recently, it was reported that lecithin can be useful as a skin-friendly surfactant for application in skin care products [66]. Its impact on skin barrier function was found to be considerably lower than that of strong, conventional anionic surfactants such as harsh sodium lauryl sulfate/sodium dodecyl sulfate. Thus, its use on sensitive skin with pre-existing conditions such as eczema can be considered and should be explored further [66].




Biosurfactants of Microbial Origin


Biosurfactants of microbial origin are a structurally diverse group of compounds that includes phospholipids, fatty acids, glycolipids, lipopeptides (e.g., surfactin) and lipopolysaccharides. The hydrophilic portion of a microbial biosurfactant can be composed of a carbohydrate, amino acid, cyclic peptide, phosphate, carboxylic acid, or alcohol, while the hydrophobic portion can be composed of long-chain fatty acids or hydroxylated fatty acids. A variety of microorganisms, including bacteria (e.g., Bacillus subtilis, Pseudomonas aeruginosa), yeasts (e.g., Candida lipolytica, Candida bombicola) and filamentous fungi (e.g., Phoma herbarum), can effectively produce biosurfactants with different molecular structures and surface activities [35,36,67].



For instance, surfactin produced by the bacterium B. subtilis is one of the most active surface biosurfactants that possesses an expressive surface activity and interfacial tension under harsh physical and chemical conditions. Surfactin is able to reduce the surface tension of water from 72 mN/m to 27 mN/m (milliNewtons/meter) [35]. The antimicrobial activities of surfactin biosurfactants are believed to be due to their accumulation on the bacterial cell membrane surfaces until a threshold concentration is reached, enabling their penetration into the membrane to cause further cellular disintegration [64]. As such, the antimicrobial potential of microbial surfactin biosurfactants against pathogenic skin bacteria and microorganisms in general remains promising.




Amino Acid-Based Surfactants


Amino acid-based surfactants are synthetic equivalents to biosurfactants. As novel surfactants, they can be synthesised via different biotechnological and chemical routes using renewable sources (i.e., amino acids). Their high degradability and harmless by-products make them safer for our environment [34]. There are a total of 20 standard amino acids that are responsible for cell growth and all physiological reactions in living organisms. Some amino acids are hydrophobic, others are hydrophilic, some are basic and some are acidic, making it possible to produce an extensive range of surfactants with great potential as biocompatible, sustainable and eco-friendly substances. Some examples include non-ionic phenylalanine- and leucine-derived surfactants; cationic cocoyl arginine ethyl ester; anionic sodium N-cocoyl-l-glutamate and potassium N-cocoyl glycinate; amphoteric lauroyl lysine and alkoxy (2-hydroxypropyl) arginine [34,62]. Their simple and natural structures, low toxicity, mildness and rapid biodegradation often make them superior to their traditional counterparts. For example, potassium N-cocoyl glycinate was found to be mild to skin when applied and used in face cleansers. Similarly, N-dodecanoylalaninate is known to produce a non-irritating creamy foam, making it particularly suitable for products intended for the likes of baby skin [34].







3. Effects of Mild Syndets and Harsh Soaps on the Skin


Selecting an optimal and suitable cleanser is key to maintaining the skin acid mantle, its barrier function and integrity, and preserving the skin’s overall health at the same time. The exact needs of the skin differ with age and skin condition (Figure 4). Therefore, it is essential to understand these needs and differences in order to identify the most suitable cleanser for every situation. For instance, thinner skin can be more prone to TEWL, so soaps may increase this negative effect by exacerbating TEWL, whereas syndets may limit further TEWL and improve hydration. It seems that the interaction of mild syndets with the skin can be beneficial for almost every situation (see Section 3.1) and will tip the balance as the positives outweigh the negatives, whereas the interaction of harsh soaps with the skin can have a much greater potential to cause a range of negative effects such as impaired barrier function, dryness and irritancy, and will tip the balance towards the negative effects (see Section 3.2) (Figure 4). Therefore, fine-tuning of the complex characteristics of cleansers is absolutely necessary in order to produce cleansing formulations with optimal benefits and minimal adverse effects [7,9,12,13].



3.1. Mild Syndets: Considerable Benefits and Minimal Negative Effects


Children in general, especially newborns and infants, have a unique skin structure and physiology. While newborn skin is still not fully formed, it is sufficiently mature to cope with the usual demands of life. The skin continuously undergoes a period of rapid anatomical and physiological transformation, particularly in relation to SC hydration, TEWL, sebum and NMF production, development of the skin barrier (in terms of structural and functional integrity), the transition to a more acidic skin surface and skin maturation [13,68,69]. This process of maturation and morphological and functional changes continues for several years, indicating that newborn-childhood skin is particularly vulnerable to sensitisation, inflammation, irritation and unfavourable changes in skin barrier function [13,69] (Figure 4). Therefore, it is an imperative to use a suitable cleanser with mild properties for a child’s skin [69].



At puberty, the levels of circulating growth and reproduction hormones increase dramatically, causing various changes in the skin, including a high prevalence of acne [13]. A defining characteristic of acne is abnormal sebum production, making the skin oily, an issue that can be compounded by the drying nature of acne medication, such as benzoyl peroxide. Thus, effective cleansers, especially facial cleansers for acne management, must satisfy two opposing needs: (1) removal of sebum and (2) maintaining skin moisture [13]. A mild, fragrance-free and irritant-free cleanser with good rinsability is the recommended cleanser for acne management [7,13]. The cleansing regimen should suit the needs of the individual patient [7,14] (Figure 4).



At the other end of the spectrum, aged skin is characterised by changes such as impaired barrier function, thinner epidermis, reduced skin elasticity and decreased sweat and sebum production. Such changes ultimately result in a reduced ability of the skin to retain water, eventually leading to dry and fragile skin [13,70]. When it comes to cleansing aged skin, the recommendations remain the same as that for young skin: avoid alkaline cleansers and use products that are mild in nature, and able to maintain or even replenish the skin’s moisture [70] (Figure 4).



In individuals with dry skin conditions, including eczema, the use of traditional soap with its characteristic high pH can aggravate the skin, leading to loss of intracellular lipids, leaving the skin with a red, rough and scaly appearance [13,71]. This damage can potentially expose dermal nerve endings (a hallmark of sensitive skin), resulting in itching, burning, and pain [72]. Skin barrier impairment can also contribute to the penetration of allergens and an increased colonisation of bacteria such as S. aureus. Again, when it comes to cleansing, the recommendations remain similar: use mildly acidified syndets for cleansing, with an adjusted pH value in order to reduce the participation of infectious organisms, irritants, or allergens as well as to minimise irritation and itching potential [7,13,14,71] (Figure 4).



Unfortunately, even syndets with favourable mildness can potentially remove skin’s essential constituents, compromise the integrity and functionality of the SC, and can inevitably result in some weakening of the skin barrier, sensitisation and irritation (Figure 4). Thus, skin cleansing activity should be conducted with care because the careless use of skin cleansers in general, and especially the use of harsh alkaline soaps, will undoubtedly cause adverse skin reactions [73]. A best-suited and mild-in-nature cleanser such as a syndet should effortlessly and simultaneously maintain a fine balance between skin cleansing on the one hand and the preservation of the skin’s homeostatic properties on the other, with minimal to no irritation, disruption of, or damage to the skin’s physiological parameters, including hydration, acid mantle, and thus, overall barrier function [3,7].




3.2. Harsh Soaps: Extensive Short-Term and Long-Term Negative Effects and Some Benefits


Harsh soaps have the potential and aggressiveness to initiate changes to SC proteins, lipids and pH, disrupt resident microflora, and progressively increase damage over time, which in turn can cause a fundamental destruction of the barrier integrity that underpins skin health (Figure 4). Overall, the use of harsh soaps can cause cumulative skin effects including dryness, roughness, scaling, after-wash tightness, irritation and itching [7,14,17,20,41] (Figure 5).



Most of the water absorbed by the SC during cleansing is present within the corneocytes. This results in a significant protein denaturation and swelling, and ultimate keratinocyte damage. Harsh soaps increase the swelling further, and the extent of surfactant-induced swelling is dependent upon the surfactant’s nature and its irritation potential. In addition, harsh soaps binding to proteins may also reduce the water-holding capacity of proteins. For example, the extent of swelling in the presence of sodium laurate-containing soap is significantly higher than that in the presence of a sodium cocoyl isethionate-containing syndet [20]. Furthermore, harsh soaps have been shown to remove NMF components and cause damage to the corneocyte envelope [20]. Therefore, the higher loss of water-soluble proteins after a single wash with soap vs. syndet is consistent with the greater damage potential of soap, depending on its structural and charge-density differences, direct effects of pH on the SC, and/or indirect effects of pH on the solution chemistry of charged head groups [7,14,20]. As water evaporates at a rapid rate from the upper layers of the skin, a differential stress is created in the SC, and this is thought to be the origin of the after-wash tightness [20].



Harsh soaps have an ability to disrupt and potentially damage bilayer lipids by extracting endogenous cholesterol, fatty acids and ceramides or intercalating into the lipid bilayer. Lipid barrier dissolution has numerous clinical consequences for the skin, including dryness, increased TEWL, fissuring, flaking, erythema and itch [14]. For example, insertion of anionic surfactants into the lipid bilayer can induce charge disruption in the bilayer and abruptly disturb membrane packing and organisation, permeability and overall structural and functional integrity. Even a subtle or partial removal of such lipids can make the lipid bilayer unstable [14,20]. It was shown that a harsh soap removes more cholesterol than a syndet [20]. While the exact reasons for this difference are not clear at present, it is likely that the alkaline pH of soap allows ionisation of the bilayer fatty acids, allowing easier cholesterol extraction from the SC. Furthermore, it is possible that the increased swelling of soap-damaged SC allows deeper layers of the SC to be readily exposed to the soap [20].





4. Conclusions


The main objective of skin hygiene is to maintain the skin’s cleanliness, freshness, radiance and overall health but without removing protective SC surface proteins and lipids, affecting skin microbiota or changing pH. Surfactants are the workhorse ingredients of soaps and syndets responsible for skin cleansing, and thus, overall skin health. Soaps and syndets are divergent and very complex molecules whose interactions with the skin are driven by several factors regarding the surfactants’ presence, composition, origin and diversity, pH, skin compatibility, cleansing capacity and effectiveness, rinsability, and mildness/harshness. Given the incompatibility of traditional soap with the skin, mild syndets are the preferred choice for providing cleansing, antimicrobial protection and overall skin hygiene to healthy, compromised and diseased skin alike. Harsh soaps readily extract endogenous skin components such as proteins and lipids during cleansing and remain on the skin’s surface after rinsing. Such negative effects disrupt skin structural and functional integrity and degrade its barrier properties over time. Therefore, it is absolutely necessary to understand the physicochemical properties of skin cleansers, their biological activity, use and potential side effects in order to successfully optimise existing formulations or develop novel skin cleansers (even personalised skin cleansers) that can benefit both the skin and the environment with minimal consequences.
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Figure 1. The key points of difference between soaps and syndets [3,9,10,13,16,17,19,20,21,22,23,24,25,26,27,28,29,30,31]. 
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Figure 2. The pH range of the skin, syndet and soap, respectively [3,15,24,37,44,46]. 
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Figure 4. Benefits and negative effects of mild syndets and harsh soaps exhibited on the skin in different ages and common dermatologic conditions [7,9,12,13,23,41]. 
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Figure 5. The nexus between the use of harsh soaps and their negative impact on the skin over time [7,14,20]. 
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