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Abstract: Human hair fibres are mainly comprised of proteins (>90%) and lipids (1-9%), which
are characterised as exogenous or endogenous, depending on whether they originate from seba-
ceous glands or hair matrix cells, respectively. Exogenous lipids consist of free fatty acids (FFAs),
triglycerides, cholesterol (CH), wax esters, and squalene. Endogenous hair lipids comprise FFAs,
CH, ceramides, glycosylceramides, cholesterol sulfate, and 18-methyleicosanoic acid. Lipids were
demonstrated to be fundamental against damage and maintenance of healthy hair. Several studies
have evaluated the effects of hair lipid content and have shown how hair properties were altered
when lipids were removed by solvent extraction. The effect of surfactants on hair lipids is difficult to
determine, as the complex structure of the cell membrane complex makes it difficult to determine
where surfactants act. Shampoos and conditioners contain surfactants that remove lipids during
routine cleansing of hair. However, shampooing does not completely remove all free lipids from the
surface layers. The effect of surfactants on the alteration and removal of structural lipids is poorly
developed, and there is no consensus on the results. Further research on the lipid composition of the
hair could provide information on the penetration pathways of surfactants to improve effectiveness
and limit possible damage.

Keywords: hair; lipids; surfactants

1. Introduction

The human hair shaft is a filamentous structure of epidermal origin that emerges from
the hair follicle. Biochemical studies of hair shaft structure have mainly focused on the
composition and the function of hair proteins, whereas morphological examination of hair
morphology is mainly based on diameter, shape, colour, texture and mechanical properties.

Hair lipids are crucial for protection against environmental and chemical damage;
prevention of hair breakage and thinning; they serve as a barrier against moisture loss
and improve the shine, elasticity, and tensile strength of the hair shaft. The lipid bar-
rier is essential to prevent penetration of foreign materials and modification of internal
moisture [1-3]. However, due to routine washing with surfactants, these hair barriers are
constantly damaged and eventually lose their functions [4]. Due to the small amount and
different hydrophobicity of the lipids present in the hair, it is, therefore, hard to deter-
mine the effect of surfactants on hair lipids. In addition, the complex structure of the cell
membrane complex (CMC) further complicates the interpretation of where the surfactant
acts [5].

Studies have investigated the effects of chemical and environmental damage on the
lipid composition and properties of hair. Bleaching has been shown to deplete the outermost
hydrophobic lipid monolayer and free lipids, which deteriorates the cuticle and results in
a hydrophilic surface with increased friction [6-8]. Similarly, but to a lesser extent, hair
treatment with dyes or permanent styling lowers lipid levels by damaging the protective
cuticle layer [6,9]. Shampoos and conditioners contain surfactants that also partially
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remove lipids in the routine shampooing of hair. However, there have been few studies to
characterise lipid loss directly [5].

This work focuses on the study of the lipids present in the hair, their chemical compo-
sition, the structures they form and their function, in particular, their role in water diffusion.
On the other hand, the state of the art on the effect of shampoos and conditioners on the
lipids of the hair fibre and the possible restoration of their functionality will be reviewed.

2. Lipids of Hair—Chemical Composition and Structure

Various methods have been developed to analyse the lipid composition of hair, such as
infrared or Raman spectral imaging, microscopic imaging, chemical extraction and analysis,
mechanical and sensory testing, and other analytical techniques. However, biochemical
studies of hair are currently limited by the difficulty of analysing the structure of single
hair fibres due to their thinness and the limits of resolution of current imaging methods.
Furthermore, the impossibility of separating hair layers for individual lipid content analysis
limits the ability to localise a specific layer within the cross-section of the hair shaft [10].

Human hair fibres are mainly composed of proteins (>90% of the dry weight of the
hair) and lipids (1-9%). They are comprised of a central medulla of weakly bound cells
surrounded by tighter spindle-shaped cortical cells, with 5-10 layers of flat, overlapping,
scale-like cuticle cells and a cell membrane complex (CMC) located in the intercellular
spaces between the cuticle and cortical cells [1] (Figure 1).
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Figure 1. Hair transverse layers and lipid composition: 18-methyleicosanoic acid (18-MEA), Free
Fatty Acids (FFAs), Fatty acids (Fas), Triglycerides (TG), Cholesterol (CH), Squalene (SQ).

Hair proteins are composed of a highly cross-linked amino acid, cystine (also called
semicystin H-CYS) [11-13], which provides elasticity to hair fibres and contributes to their
mechanical resistance to elongation, bending and twisting [1,14,15]. Hair lipids can be
classified in different ways. They are defined as free or bound, endogenous or exogenous,
internal or superficial, and by chemical functional group or chemical type [1,16]. Exogenous
lipids include free fatty acids (FFA), triglycerides, cholesterol (CH), wax esters and squalene
(SQ). Endogenous capillary lipids consist of FFA, CH, ceramides (CER), glucosylceramides,
cholesterol sulphate (CS) and 18-methyleicosanoic acid (18-MEA) [17]. Among them, only
18-MEA chemically binds to the cuticle surface via a thioester bond [18]. Although lipid
contents per layer vary between hair fibres, the medulla and cuticle have a relatively high
lipid composition in comparison to the cortex, and cuticular lipid chains have a higher
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conformational order [19-21]. The highest lipid concentrations in human hair are 4.3 mg/g
FFA, 3.3 mg/g CS, 0.6 mg/g CH and 0.2 mg/g fatty alcohols [22,23]. Endogenous lipids,
including sterols, FFA, CS and CER, constitute 2.5% of the total hair fibre, while exogenous
lipids, such as SQ and sterol esters, account for less than 1% [17]. There are a limited
number of studies investigating the lipid profile of human hair due to the difficulties
associated with the low lipid content and the lack of well-established hair lipid analysis
methods [10].

Lipids are located in the three main transverse layers: cuticle, cortex, and medulla
(Figure 1). The cuticle is the most external layer, consisting of six to ten layers of overlapping,
flattened cuticular cells that provide a protective covering for the underlying cortex [24].
The endocuticle surrounds these cells, followed by the exocuticle, A-layer and the upper
epicuticle. The epicuticle comprises a hydrophobic lipid monolayer of 18-MEA, also present
in the -layer of the cell membrane complex (CMC) that keeps the hair cells attached [25-28].
The lipid content is highest at the boundary between the individual cuticle layers [19].
The lower level of the cuticle contains covalently bound fatty acids and FFA [29]. A
membrane-like structure at the interface between the cuticle and the cortex is made up of
sterylglucoside-like lipids containing N-acetylglucosamine [30]. The cortex comprises the
major keratinised part of the hair and consists of elongated, closely packed cells parallel
to the fibre axis, with a very low lipid content. However, oxidative metabolites derived
from integral fatty acids, such as linoleic and alpha-linoleic acids, are non-covalently lipids
and bind to melanin granules [31]. The medulla, which is the innermost portion of the
terminal hair shaft, consists of a loose layer of medullary cells and empty vacuoles, which
are significantly stabilised by structural lipids [32,33]. The medulla may be present, either
discontinuously or continuously. The medulla contains more lipids than the rest of the
hair fibre [20,34], but its composition is uncertain. Recent lipid profile results indicate
that the medulla comprises squalene, fatty acids such as oleic acid, wax esters and FFA
such as palmitic acid [35,36]. Another recent study confirms the high lipid concentration
containing a mixture of non-esterified and esterified lipids and carboxylate soaps in various
proportions [37].

Bound lipids are those that cannot be eliminated by extracting the hair with lipid
solvents because they are covalently attached to hair proteins. For example, 18-MEA
is bound to proteins by thioester bonds, whereas free lipids can be extracted from hair
with lipid solvents because they are attached by weaker binding forces, such as van der
Waals forces of attraction and sometimes hydrogen bonds or even salt bonds. Endogenous
lipids are those hair lipids that result from biosynthesis in the hair matrix cells of the hair
follicle, whereas those hair lipids that are usually synthesised in the sebaceous glands are
sometimes referred to as exogenous from an extrinsic origin. Internal lipids are those that
have either penetrated the hair or have been incorporated into the hair fibre, as opposed
to surface lipids [1]. Bound lipids are those lipids of the cell membrane complex that are
covalently bound to proteins, including 18-MEA bound to the epicuticle on the hair surface.
18-MEA forms part of a lipid monolayer that surrounds each cuticle cell. 18-MEA is bound
to the top of each cuticle cell (and part of the scale edge) by thioester bonds [38]. In addition,
18-MEA forms the outer surface layer of the virgin hair surface, as well as the top layer of
each cuticle cell. The function of 18-MEA is unclear, although it is believed that the pendant
methyl group disrupts the packing of this monolayer, thus producing a disordered surface
that may confer beneficial tribological properties [39]. The presence of branching alters
the degree of arrangement on the surface and drastically impacts the observed frictional
behaviour, inducing a liquid-like behaviour [40].

The bottom of each cuticle cell and part of each scale edge are mostly covered by
straight-chain fatty acids, which are mainly palmitic, stearic, and other fatty acids, including
some oleic acid. These fatty acids are linked by ester or thioester bonds to the underlying
proteins. All other lipids described in the literature are believed to be free lipids, i.e., lipids
that are not covalently bound to hair proteins and exist in the cuticle and cortex. On the
hair surface, 18-MEA was found to be the main lipid, but there is also free lipid that can be
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removed by shampooing or solvent extraction. The 18-MEA chains can then fold back on
themselves, as Zahn et al. [41] suggest. Thus, as additional free lipid is incorporated into
the 18-MEA layer, it allows the 18-MEA chains to be straightened to accommodate the free
lipid, approach the expected length of 18-MEA, and occupy a greater percentage of the top
3-5 nm of the surface.

Lipids play a structural role in supplying hair with a cell membrane complex (CMC),
which is present in both the cuticle and cortical cells. In recent years, the structural details
of the CMC of both the cuticle and cortical cells, as well as the interface between the cuticle
and cortex, have become better understood [42]. There are two parts of the cuticle CMC,
which are usually classified as the upper and lower f3-layers. The upper (3-layer consists
of covalently bound 18-MEA, which is believed to form a monolayer intercalated with
other free fatty acids, which are assumed to be stabilised by van der Waals and electrostatic
interactions. The upper B-layer is located in the upper lamina of the cuticle cell and is
exposed to the external environment. It is also present at the top of each underlying cuticle
cell, where it comes into contact with the lower p3-layer of an overlying cell. Situated at
the bottom of the cuticle cell, the lower 3-layer consists of a monolayer containing free
fatty acids and covalently bound fatty acids (but not 18-MEA). The lower -layer of an
overlying cell is separated from the upper 3-layer of an underlying cell by the delta layer,
the intercellular cement that holds the two cells apart, which is believed to be glycoprotein
or globular protein (Figures 1 and 2).
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Figure 2. Schematic of the CMC (lower and upper f layers) of two overlying cuticle cells. The lower
{3 layer corresponds to the overlying cell, whereas the upper 3 layer corresponds to the underlying
cell. Reprinted with permission from Society of Cosmetic Chemists. Copyright 2009. Originally
appeared in Reference [42].

In contrast to the upper and lower (3-layers of the cuticle, which contain a mixture
of covalently and non-covalently bound lipids, the CMC of cortical cells is made up of
free fatty acids, cholesterol (or cholesterol sulphate) and ceramide [42]. The outer edge
of each cortical cell is surrounded by a bilayer structure, the cortical CMC, which also
contains a delta layer that acts as an interface with another cortical cell. Thus, two adjacent
cortical cell bilayers are separated by a thin delta layer (Figures 2 and 3). The interface
between the cuticle and cortical cells is a composite CMC formed on the cuticle side by a
mixed monolayer of covalently and non-covalently bound fatty acids (lower (3-layer) and
on the cortical side by a bilayer of free fatty acids, cholesterol, and ceramide. The cuticular
monolayer and the cortical bilayer are also separated by a delta layer.
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Figure 3. Schematic of the cortical CMC of two adjacent cortical cells separated by a delta layer.

Reprinted with permission from Society of Cosmetic Chemists. Copyright 2009. Originally appeared
in Reference [42].

3. Lipid Role in Hair Properties

Given that hair lipids are present both in the CMC and on the surface of cuticle cells,
they appear to play a role in various physicochemical properties of hair fibres, such as
chemical diffusion barrier, water retention property and cell cohesion [43—46]. Lipids
play an important role in the functional and structural properties of hair, which are de-
scribed herein.

In recent years, considerable attention has been paid by the research community to
structural lipids, especially covalently bound 18-MEA [47-49]. Lipids of sebum origin
were often considered less important or even a nuisance and were thought to play little
or no functional role in hair. In the skin, sebum is an integral constituent that plays a
protective functional role. Multiple studies have evaluated the effects of hair lipid content
and its relationship to the clinical properties of hair. McMullen [2] highlighted the altered
properties of hair when lipids were removed by solvent extraction and showed differences
in moisture handling, interaction with cationic polymers and surfactants and impact on
hairstyle hold. During the extraction procedure, both sebaceous and free structural lipids
were removed from the outside and inside of the fibre (covalently bound lipids were not
removed). For this reason, it is difficult to discern differences in the structural/functional
contributions of sebum or free structural lipids to the measured fibre properties. There were
no discernable differences between untreated virgin hair and delipidised hair in terms of
rigidity, elasticity, or DSC phase behaviour. However, increased combing energy, decreased
contact angle, high water uptake and higher hysteresis (more resistance to water release)
were observed in delipidised hair. Ishihara et al. [50] have recently confirmed the increase
of water in formic acid delipidised hair, proposing a water distribution on the 3-layer.

External extraction followed by internal lipid extraction with different solvent systems
without external modification of 18-MEA has been studied [17]. External lipid extraction
partially decreases the hydrophobicity and induces a reduction in the water content of
the fibre, probably due to a disordering of the remaining surface lipids, whereas internal
lipid extraction makes the internal fibre more polar by increasing the water content. Lipid
extraction from the medulla could increase the polarity inside the fibre [17]. It is important
to underline that the claim regarding hair hydration is puzzling [51]. The water content
of hair is overwhelmingly dictated by the relative humidity (RH) of the environment, but
while consumers profess a desire for “maximum hydration”, high humidity conditions that
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induce this state represent the very definition of a bad hair day. Furthermore, technically, as
the hair becomes more damaged, it has a greater affinity for water. Theoretically, therefore,
the consumer term “dry and damaged hair” would seem contradictory [51]. Therefore,
external lipid extraction would ameliorate the fibre, decreasing the water content, while
internal lipid depletion would damage the fibre, increasing its moisturisation.

Kinetic evaluation of the water absorption/desorption process is a good approach to
determining the structural integrity of fibres. There is a slight decrease in water diffusion
in fibres extracted from external lipids, which was more marked after the extraction of
internal lipids. The extraction of highly unsaturated internal lipids could be responsible for
a decrease in water permeability and an increase in the breaking strength of the delipidised
internal fibres.

A decrease in hair lipid content has been associated with decreased tensile strength
and increased hair breakage [17,52]. Tensile properties decline from root to tip, along
with levels of 18-MEA, CS, CH, CER and bound fatty acids, potentially due to grooming
and environmental stress [49-52]. Hair fibre texture and shine are also affected by lipid
content and removal. Hair gloss is reduced with decreasing unsaturated lipid content in the
medulla due to an altered refractive index, thus decreasing both penetrating and scattered
light from the hair surface [53]. The removal of surface 18-MEA decreases hydrophobicity
and increases surface friction, causing the hair to dry, tangled and untidy [54].

Hair differences can be related to geo-racial origin [55]. The effect of lipids on the
properties of hair of different ethnicities has been determined. African hair has the highest
lipid content with 6%, Caucasian hair is composed of 3% lipids, and Asian hair has 2%
lipids [56]. Moisture resistance is related to the fluidity of lipids in the cuticle. Caucasian
fibres, with their highly ordered lipids, are more resistant to moisture absorption and are
also the most hydrated [56,57]. Comparatively, African hair has the lowest lipid order and
the highest water diffusion rate, despite the high lipid content of the cuticle [57]. Other
studies have found that hair fibre permeability and moisture resistance are not affected
by lipid removal [17,58]. African hair has a low initial modulus and lower deformation at
breakage, which corresponds to weaker and more brittle hair [53]. The structure of African
hair is influenced by the high lipid content; lipid intercalation of keratin dimers interferes
with their structural arrangement and may be responsible for the characteristic texture of
African hair [59]. Caucasian fibres depleted in external lipids also exhibit higher lipid order
and increased breakage toughness [7,53]. Asian fibres have the highest linear mass and
tensile strength [56].

Hair ageing is different depending on ethnicity [60,61]. In general, grey hair fibres,
with reduced unsaturated lipid content, have a lower capacity to absorb water, which
contributes to their clinical “stiffness” compared to pigmented hair fibres [59]. Reduced
lipid content of the cuticle, cortex and medulla occurs with advancing age and influences
the clinical properties of grey hair [62]. The reduced exogenous and endogenous lipid
profile of grey hair includes lower levels of 18-MEA and reduced de novo synthesis of
dihydroceramide after the age of 30 years [8,63,64]. Compared to brown hair, white hair
has lower internal lipids, composed mainly of free fatty acids and ceramides, lower levels
of embedded water and higher water diffusion, indicating higher permeability [65]. Grey
hair is less resistant to brushing stress, and ageing accelerates the loss of the cuticle barrier
of the hair, leading to thinner and potentially stiffer hair [66,67]. Changes in hair follicle
lipid profiles associated with age-induced hair greying have also been determined [68].

The effects of chemical and environmental damage on the lipid composition and
properties of hair have been investigated in numerous studies. Exposure to ultraviolet
radiation (UVR) decreases lipid content and damages hair fibres, resulting in “dry”, weak,
brittle, and stiff hair. More than 90% of 18-MEA is removed from Asian hair by a cumulative
dose of UVR corresponding to a 3-month summer exposure [69]. However, Asian hair is
more resistant to UVR than African or Caucasian hair, essentially because it possesses the
highest amount of integral hair lipids (ILL), which can provide a protective barrier against
UVR-induced oxidative processes [70]. Photo-degradation of white and pigmented hair
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has been evaluated by X-ray diffraction and electron microscopy. Layers of lipids present
in the cuticle (4.5 nm) were found to be degraded [71]. In a recent study, LC-MS lipidomics
was used to detect changes in the capillary lipidome following UV light exposure. Most
of the lipids detected (vitamin A fatty acid esters, sterol esters, various ceramides, etc.)
were decreased in UV-exposed hair [72]. Photodamage in hair medulla lipids has also been
reported [73].

Bleaching removes the uppermost layer of 18-MEA and free lipids, deteriorating the
cuticle and leading to a hydrophilic surface with increased friction [6-8]. The absence of
18-MEA and degradation of the epicuticle results in hair that feels “dry”, brittle, messy
and difficult to comb [6,74]. More than 80% of 18-MEA is removed in a single bleaching
treatment, as the bleaching process oxidises the cysteine bonds to cysteic acid [25,69].
Similarly, hair treatment with hair dye or permanent styling decreases the levels of 18-MEA
lipids, FFA and CMC on the surface, damaging the protective cuticle layer [6,9].

4. Effect of Surfactants on Hair Lipid Depletion

Hair is porous and damaged hair is extremely porous. Water absorption causes
swelling of the hair shaft. Excessive or repeated chemical treatments, grooming habits, and
environmental exposure cause changes in hair texture and, if extreme, can lead to breakage.
Weathering is one of the main causes of progressive degeneration from the root to the tip of
the hair. Normal wear and tear is due to daily grooming practices [75]. The main function
of shampoos is to cleanse the hair and scalp of dirt, while conditioners soften the hair and
facilitate combing.

Shampoos usually consist of between 10 and 30 ingredients, although there are prod-
ucts with as few as four ingredients. Products are grouped into (1) cleansing agents;
(2) additives that contribute to product stability and comfort; (3) conditioning agents de-
signed to impart softness and shine, reduce shedding, and improve ease of detangling;
and (4) special care ingredients, designed to treat specific problems, such as dandruff and
oily hair [76,77]. Surfactants are cleansing agents that act by weakening the physicochem-
ical bonding forces that bind impurities and residues to the hair (Table 1). Residues are
non-soluble fats (sebum) that do not dissolve in water. Surfactants in contact with water
achieve the structural formation of a micelle; the surrounding water molecules attract the
ionic ends of the surfactant, and the particle is then emulsified or suspended in the water.
In this form, it can be rinsed off [76,77].

Table 1. Classification of the surfactants.

Shampoo Surfactants

Class Example Characteristics

Ammonium lauryl sulfate, sodium laureth sulfate,
sodium lauryl sarcosinate, sodium myreth sulfate,
Anionic sodium pareth sulfate, sodium stearte, sodium Deep cleansing
lauryl sulphate, alpha-olefin sulfonate, ammonium
laureth sulphate

Trimethylalkylammonium chlorides and the
Cationic chlorides or bromides of benzalkonium and Hair softener
alkylpyridinium ions

ethoxylated fatty alcohols, cocamide diethanolamine,
Nonionic coco glucosides, polysorbate 20, PEG-80 Mild cleansing
sorbitan laurate

Amphoteric Alkyl iminopropionates (amido) betaines Mild cleansing

Depending on the electrical charge of the polar end, surfactants are classified into
four groups: anionic, cationic, amphoteric, and non-ionic. The main cleaning agents are
anionic. Examples of anionic surfactants are ammonium lauryl sulphate, sodium laureth sul-
phate, sodium lauryl sarcosinate, sodium myreth sulphate, sodium pareth sulphate, sodium
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stearte, sodium lauryl sulphate, alpha olefin sulphonate and ammonium laureth sulphate.
Although very good at removing sebum and dirt, anionic surfactants are strong cleansers
and can cause an increase in negative electrical charges on the surface of the hair and
increase frizz and friction. To minimise damage and reduce the static electricity-generating
effects caused by anionic surfactants, other surfactants called secondary surfactants such as
cationic (trimethylalkylammonium chlorides and benzalkonium and alkylpyridinium chlo-
rides or bromides), amphoteric surfactants (alkyl iminopropionates and betaines (amido))
and non-ionic surfactants (ethoxylated fatty alcohols, cocamide diethanolamine, coco gluco-
sides, polysorbate 20, PEG-80 sorbitan laurate) are added to the formulation, [76,78]. Being
positively charged, cationic surfactants rapidly bind to the negatively charged strands by
the use of anionic surfactants and reduce the frizz effect. Recent works study the inevitable
evolution towards more bio-based, eco-friendly ingredients, reviewing some of the new
alternative hair cleaning and conditioning agents obtained from natural sources [79-81].

Conditioners are used to reduce friction, detangle hair, minimise frizz and improve
combability. Conditioners act by neutralising the negative electrical charge of the hair fibre
by adding positive charges and lubricating the cuticle, which reduces the hydrophilicity of
the fibre. They contain antistatic and lubricating substances, which are divided into five
main groups: polymers, oils, waxes, hydrolysed amino acids, and cationic molecules [78].
The most active and widely used conditioning agent is silicone [82-84]. Cationic ingre-
dients are commonly used in many shampoo formulations with anionic surfactants to
neutralise the charge and form a cationic-anionic complex, a neutral hydrophobic ingredi-
ent. Bleached and chemically treated hair has a higher affinity for conditioning ingredients
because it has a low isoelectric point (higher concentration of negative sites) and is more
porous than virgin hair [78,85].

Shampoos contain surfactants that remove lipids during routine skin [86] and hair
washing. The ability of anionic surfactants to remove lipids from hair depends on the
surfactant structure, concentration, agitation, temperature, time, and other factors [78]. In
addition, surfactants such as sodium lauryl sulphate do not penetrate the fibre rapidly
and cannot be expected to remove the same amount of lipids from hair at the same rate
as a penetrating lipid solvent such as ethanol. Anionic surfactants are almost as effective
as chloroform or ether (non-penetrating lipid solvents) in removing deposited surface
lipids [78].

Dissolution or extraction of structural lipids or proteinaceous matter from hair, proba-
bly from the cell membrane complex or endocuticle, by shampooing has also been demon-
strated [78]. Studies have reported that one-time shampooing can remove approximately
50% of total extractable lipids from hair [87], that 70-90% of total lipids can be removed
with repeated shampooing [88], and that the frequency of shampooing had no significant
effect on the rate of hair regressing, suggesting that surfactants may not directly stimulate
sebaceous gland activity [87]. However, it is believed that lipids are largely removed at the
surface level. The cell membrane complex at the cuticle level contains 18-methyleicosanoic
acid (18-MEA) lipids covalently bound to a protein cell membrane. On the outer surface
of the hair, the free lipids within the 18-MEA lipid layers are removed during shampoo-
ing [78]. The internal lipids deeper in the hair shaft are not affected to the same extent as
the surface lipids. The same amount of internal lipids in dry hair versus oily hair after
shampooing confirms the primary differences in the amount and composition of surface
lipids. Internal lipids can move into the surface layers by the process of diffusion after
repeated shampooing [1].

The effect of free lipids on the isoelectric point of wool fibres washed with detergent
and extracted with various solvents was studied. Wool washed with surfactant (containing
mostly free lipid) gave an isoelectric point of 3.3, while hair extracted with a more effective
lipid solvent gave an isoelectric point of 4.5. Therefore, the more free lipid present in these
surface layers, the lower the isoelectric point of the keratin fibres. Not all free lipid is
completely removed from the surface layers by shampooing. This lipid is important for the
isoelectric point, the adsorption of ingredients on human hair, and other important surface



Cosmetics 2023, 10, 107

9of 14

properties of the hair [89]. Cationic polymers such as polyquaternium-55, a common
conditioning agent, have a higher binding affinity to hair than cationic surfactants such as
quaternium-26, but both have a lower affinity for delipidised hair [2]. This shows that the
removal of lipids liberates the surface of the molecules with which the cationic polymer
and the surfactant can be associated.

In short, shampooing removes lipid matter from the surface, and repeated shampooing
could damage hair surface structures. These changes could be reflected in the X-ray profiles,
especially in the lipid signals. The ingredients of the conditioner adsorb to the hair surface
and act as a protective layer that prevents this damage. Therefore, the application of
conditioner, either alone or after shampooing, could also affect the X-ray signals. In the case
of shampoo and conditioner treatments, no differences were observed by X-ray diffraction
before and after treatment, supporting that their effects are limited to the hair fibre surface
without affecting the internal lipid composition of the cell membrane complex [90].

The external or sebaceous lipids were extracted with t-butanol and hexane to study
their overall contribution to physicochemical properties [91] since this seems to be the
promoting effect of the shampoo. Although not much effect was found on the structural
order and mechanical properties, moisture retention decreased in the outer depleted fibres
for all ethnic fibres indicating improved hair properties [51]. However, internal lipid
depletion with swollen solvents such as methanol was shown to promote lipid disorder
and increase moisture retention [17]. In general, chemically damaged hair absorbs more
water than healthy hair [51].

On the other hand, it is also well known that daily weathering can cause loss of some
internal lipids, and Masukawa [92] quantified this loss after repeated shampoo treatments
with and without prior bleaching. While the 18-MEA content in the tip of virgin scalp
hair exposed to daily weathering during daily life activities decreased by 35% compared
to that in the root, the 18-MEA content in the tip of scalp hair fibres exposed to a single
bleaching combined with daily weathering during daily life activities decreased by 80%
compared to the root. In addition, 18-MEA was completely lost in the scalp hair tip exposed
to repeated discolouration combined with daily weathering during daily life activities,
and this decrease was the most marked among all hair lipids. Cholesterol and ceramide
contents were also reduced by daily weathering by up to 50% without bleaching, while
more than 80% when exposed to the repeated bleaching tested.

Recent work indicates that, during routine washing, surfactants have a tremendous
effect on hair lipid loss [5]. Lipid loss due to surfactant washing depends on the relative
hydrophobicity of the lipids [5]. It has been suggested that the mechanism of lipid loss is
different for different types of lipids, separated into two groups. Highly hydrophobic lipids,
such as SQ and WE, are removed by penetration of the shampoo surfactant into the hair
shaft, whereas less hydrophobic lipids, such as FFA and CH, are lost by surfactant coating
on the hair surface [5,93]. This was concluded by the fact that highly hydrophobic lipids
such as SQ and WE were blocked by internal fibre modification, and less hydrophobic
lipids such as FFAs and CH were more affected by surface modification (Figure 4).

Considering the effect of cosmetic treatments and daily weathering on lipid removal,
Marsh [94] described a shampoo formulation (anionic surfactant SLE1S and cetyl and
stearyl alcohols) containing a stable ordered gel network structure that delivers fatty
alcohols into the hair. Fatty alcohols combined with cationic surfactants are also common
ingredients in the formulation of lamellar phase personal care liquids [95]. It is proposed
that the partitioning of the fatty alcohols occurs in the lipid-rich regions of the hair, i.e.,
the cell membrane complex and the medulla. They have similar volume and polarity
parameters to the hair’s internal saturated fatty acids, palmitic and stearic, which account
for ~25% of hair lipids [1]. These actives could replenish lost internal lipids and restore
hair properties, in particular hair breakage.
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Figure 4. Schematic diagram depicting the pathways of lipid loss by surfactant [5].

5. Conclusions

Hair lipids are characterised as exogenous or endogenous, depending on whether they
are derived from sebaceous glands or hair matrix cells, respectively [16]. Exogenous lipids
consist of free fatty acids (FFA), triglycerides, cholesterol (CH), wax esters, and squalene
(5Q). Endogenous capillary lipids include FFA, CH, ceramides (CER), glucosylceramides,
cholesterol sulphate (CS), and 18-methyleicosanoic acid (18-MEA) [17]. Among them, only
18-MEA is chemically bound to the cuticle surface by a thioester bond [18]. Although the
lipid content per layer varies between hair fibres, the medulla and cuticle have a relatively
high lipid composition compared to the cortex, and cuticular lipid chains have a higher
conformational order [19-21].

Lipids have been shown to be essential against damage and for the maintenance of
healthy hair. Multiple studies have evaluated the effects of hair lipid content and high-
lighted how hair properties were altered when lipids were removed by solvent extraction.
Lipid removal decreases the tensile strength, shine and fineness of hair while increasing
permeability and desorption [23,56-58]. The lipid barrier is essential to prevent penetra-
tion of foreign matter and internal moisture modification [1-3]. Due to routine washing
with surfactants, these skin barriers are constantly damaged and eventually lose their
functions [4].

Some studies have investigated the effects of chemical and environmental damage on
the lipid composition and properties of hair. Shampoos contain surfactants that also remove
lipids in the routine washing of the hair. The ability of anionic surfactants to remove lipids
from hair depends on surfactant structure, concentration, agitation, temperature, time, and
other factors [78]. However, few studies have been conducted to directly recognise lipid
loss. Recent work indicates that, during routine washing, surfactants have a tremendous
effect on lipid loss that correlates with the relative hydrophobicity and water solubility of
the lipids [5]. In contrast, lipid-based hair care products, such as conditioners, oils, serums,
and masks containing natural plant oils, fats, waxes, or phospholipids, can restore hair
lipids lost by damaging processes and improve hair surface texture and shine [96].

At present, the study of the lipid fraction of hair fibre has a long way to go. The
impossibility of separating the hair layers to analyse the lipid content individually limits
the ability to localise a specific layer within the cross-section of the hair shaft by chemical
extraction methods. Furthermore, their particular role in the physico-chemical properties of
the fibre is not clearly defined. Last but not least, the effect of surfactants on the modification
and removal of structural lipids is poorly developed, and there is no consensus on the
results. Further research on the lipid composition of hair could also provide information
on the penetration pathways of hair care products, in particular surfactants, to enhance
their efficacy and limit potential damage.
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