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Abstract: This study was pursued to measure skin feeling of cosmetics by mechanical methods. For this attempt, skin
feeling of cosmetics such as spreading properties, tackiness, and residual greasy feeling after skin application was explored
with the amount and kinds of cosmetic compositions-emulsifiers, waxes, thickeners, polyols, and oils. Furthermore, the
relationship between these cosmetic compositions and viscometry of cosmetic products was studied. In case of emulsifiers,
waxes, and thickeners, they showed strong correlation with both skin feeling and the value of phase angle, the property of
viscometry, respectively, while polyols and oils were observed a special tendency neither skin feeling nor the property of
viscometry. It leads to the conclusion that skin feeling may be corresponded to not values of a mechanical measure
completely but a function of several properties. We expect that a better correlation can be discovered with additionally

measured properties such as friction, volatility, etc.
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1. Introduction

Cosmetic manufacturers place high standards for de-
sign and production of products in order to meet cus-
tomer’s expectations of the product quality. Sensory
performance of cosmetic emulsions when applied on the
skin is the core of our understanding of consumer
acceptability. For this reason, the cosmetic companies
have been interested in a relationship between the

sensory data and rheological parameters, in order to
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understand and predict how the consumer acceptance
for cosmetic application is influenced by product for-
mulations. The consumer acceptance is governed by
various physicochemical properties of the product, such
as appearance, flavor, primary feeling on contact with
the skin, spreading properties, tackiness, and residual
greasy feeling after skin application. It is the formu-
lator’'s desire for values conveying the clear-out rela-
tionship between the measurable properties of products
and the customer’'s subjective evaluation, which is
critical to the acceptance of a product[1-3].

Cosmetic emulsions are non-Newtonian complex fluid



142 o]zl -

mixtures characterized by structural features which in-
fluence, and also are influenced by, their flow. When
cosmetic emulsions shear, whether during manufacture,
viscometry, or in application onto the skin, the struc—
ture is broken down by bonding cleavage within the
emulsions, and the consistency decreases as the emul-
sions work soften. In this study, we investigated the
relationship between the skin feeling of cosmetic lo—
tions and the rheological parameters as a function of
cosmetic compositions, such as oils, waxes, emulsifiers,
thickeners, polyols, and their concentrations. The lotions
were also evaluated by a group of trained panels on
the basis of three sensory attributes of a cosmetic
product: penetration, spreadability, and residual greasy
feeling. By the comparisons of these data, we will
discuss the objectification of the subjective skin feeling
by using the fundamental rheological examination of a
cosmetic[4,5].

2. Experimental Methods

Emulsifier, wax, oil, polyol, and polymeric thickener
were selected as a major experimental parameter af-
fecting the rheological properties of cosmetic lotions.
Three different emulsifiers were used: Tegocare 450,
lecithin (Lipoid S75-3), Tween 60, and Arlacel 83. Four
different oils were used: MOD, polydecene (Puresyn—4),
cyclodemethicone (DC345, Dow Chemical, US.A.), and
ODO. Five different waxes were used: cetos KD, multi
wax, paraffin, vaseline, and stearic acid. Three different
polyols were used: glycerine, 1,3-buthylene glycol, and
konlub. Four different polymeric thickeners were used:
carbopol 940, carbopol 941, carbopol ETD2020, and
Pemulen TR-2. All materials used in this study are
listed in Table 1.

Rheological measurements were performed on Bohlin
rheometer with 40 mm parallel plate, 0.318 Hz of fre—
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quency, and 0.01~100 Pa of stress range in a dy-
namic stress sweep test. For the sensory evaluation of
the lotions, 3 untrained persons accessed the lotions by
rubbing them onto the skin of the forearm and quoting
the lotions on the basis of three attributes: penetration
(P), spreadahility (S), and residual greasy feeling (R).
Each attribute was evaluated by a quotation on an
imposed scale form 0 to 10 and combined into an
index, termed as the skin feeling score, which is
defined as 10P + 9S + 8R.

3. Results and Discussion

As the shear stress increased, all of the lotions
tested showed the decrease in the viscosity and the
related increase in the loss angle, zero for an ideally
elastic gel (all energy stored in the material) and 90°
for an ideally viscous liquid (all energy dissipated as
heat). This is referred to shear thinning, which is a
nonlinear phenomena pronounced in concentrated poly-
mer solutions. In this study, it is assumed that the
shear thinning property is critical in inducing the sen—
sory changes of cosmetic emulsions when applied and
rubbed on the skin. A loss angle profile as a function
of shear stress is very useful to compare the shear
thinning properties of cosmetic emulsions. In particular,
45° of loss angle means the transition from the elas-
ticity—dominant regime to the viscosity—dominant regime,
and the corresponding shear stress, termed a critical
shear stress (c.s.s.), can be used to compare the
cosmetic lotions.

Nineteen different lotion formulations were prepared
with five different major factors: a) emulsifier, b) oil,
¢) wax, d) polyol, and e) polymeric thickener. Table 2
shows the effect of emulsifiers on rheological properties
and skin feeling score. Figure 1 also shows the vis-
cosity and loss angle profiles as a function of shear

Table 1. Materials Used for the Preparation of Cosmetic Emulsions

Surfactant Wax Oil Polyol Polymer
Lecithin Cetos KD MOD Konlub Carbopol 940
Tweenb0/Arlacel&3 Multiwax Puresyn 4 Glycerine Carbopol o1
Tegocared50 Paraffin wax DC 345 1,3-BG* arbopo
. Pemulene TR2
Vaseline 0ODO Carbonol ETD2020
Stearic acid MOD arbopo

* 1,3-butylene glycol
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Table 2. Effects of the Emulsifier on the Skin Feeling Score and c.s.s.
Emulsifier Oil Wax Polyol Polymer Skin feeling score c.s.s. ranking

Tegocare MOD - - Carbopol %41 77 3

Lecithin MOD - - Carbopol 941 6.5 2

T-Ax . MOD - - Carbopol 941 5 1

* Tween 60/ Arlacel 83

T oo o o g at a normal temperature and insoluble in water and
oo can increase the viscosity of the oil droplets in the
) 10 ‘*“0“*"“0\\% o oil-in-water emulsions, which might be related to the
% \\ shear rupturing property in complex fluids, as pres—
2 19 Y ented by Mason et al. (1997)[3], because shear rup-
3 turing viscoelastic polydisperse emulsion in a thin gap
5 o can lead to a monodisperse emulsion of smaller drop-
S etie lets. In this regard, emulsifier and wax are an im-
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oor ‘ - ‘ ‘ | portant factor in membrane curvature elasticity and
oot o 1 10 100 deformation of droplets under shear flow. Therefore, it
Shear Stress (Pa) is expected that the internal oil phase and its inter-
100 facial properties also play an important role in deter—
S 9u qegwmen g mining the viscoelasticity of the total emulsion System,

80 TTOT TWIALI%MOD and in turn their skin feeling during application.
5 Polymeric thickeners are the main rheological modi-
R fier in cosmetic products. In this study, polyacrylic acid-
% based water-soluble polymers, Carbopol series, were
T ey used to thicken the aqueous phase. Interestingly, thick-
ener had the same trends with emulsifier and wax
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Figure 1. Viscosity (over) and loss angle (under) profiles
of cosmetic lotions with different emulsifier compositions
as a function of shear stress at room temperature.

stress. Interestingly, the skin feeling score was high in
the order of tegocare 450 (7.7) > lecithin (6.5) > tween
60/arlacel 83(5.0), and the c.s.s. had the same trends:
tegocare 450 > lecithin > tween 60/arlacel 83. It should
be noted that the higher c.s.s. means the retarded
transition of the lotions from an elastic solid-like state
to a viscous liquid state. In addition, tegocare 450 had
the highest value of zero shear viscosity.

Wax had the same tendency between the skin
feeling score and the c.s.s., as listed in Table 3. The
skin feeling score was high in the order of cetos KD >
multiwax > paraffin > vaseline > stearic acid. Wax is solid

between the skin feeling score and the c.s.s., as listed
in Table 4. More elastic emulsion lotions showed the
higher skin feeling scores.

In contrast, polyol and oil showed the unreliable
tendency of the relationship between the skin feeling
score and the c.s.s., as listed in Table 5 and 6. As for
polyol, one possible explanation of this phenomenon is
that high densities of hydroxyl groups in polyol mole-
cules can facilitate their chemical interactions with
other ingredients, such as thickeners, surfactants, etc.,
in cosmetic formulations. Therefore, it seems likely that
polyols are involved in the chemical sub-system of
cosmetics rather than in the physical sub-system, and
their interactions affect the rheological properties of
cosmetics in an indirect manner. It is worth noting
that polyols themselves cannot be used to thicken the
emulsions in the contrast to waxes and polyacrylic
thickeners, which can augment the viscosity in the
dispersed and continuous phase, respectively. As for oil,
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Table 3. Effects of the Wax on the Skin Feeling Score and c.s.s.
Surfactant Oil Wax Polyol Polymer Skin feeling score ¢.8.8. ranking
T-A MOD Cetos KD - Carbopol 941 8.0 5
T-A MOD Multi Wax - Carbopol 941 6.3 4
T-A MOD Paraffin - Carbopol %41 57 3
T-A MOD Vaseline - Carbopol 941 48 2
T-A MOD Stearic Acid - Carbopol 941 6.5 1
Table 4. Effects of the Thickener on the Skin Feeling Score and c.s.s.
Surfactant Oil Wax Polyol Polymer Skin feeling score ¢.s.s. ranking
T-A MOD Cetos KD - Carbopol 940 6.5 1
" T-A MOD Cetos KD - Carbopol ETD 2020 6.3 3
T-A MOD Cetos KD - Carbopol TR-2 6.0 2
T-A MOD Cetos KD - Carbopol 941 48 4
Table 5. Effects of the Polyol the Skin Feeling Score and c.s.s.
Surfactant Oil Wax Polyol Polymer Skin feeling score ¢.8.8. ranking
T-A MOD Cetos KD Glycerine Carbopol 941 5.0 1
T-A MOD Cetos KD 1,3 BG Carbopol 941 4.0 2
T-A MOD Cetos KD Konlub Carbopol 941 2.3 3
Table 6. Effects of the Oil on the Skin Feeling Score and c.s.s.
Surfactant Qil Wax Polyol Polymer Skin feeling score c.s.s. ranking
T-A MOD - - Carbopol 941 6.5 o4
T-A Puresyn—4 - - Carbopol 941 58 3
T-A DC345 - - Carbopol 941 55 2
T-A ODO - - Carbopol 941 47 1
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Figure 2. Viscosity (left) and loss angle (right) profiles
shear stress at room temperature.
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of cosmetic lotions with different oil compositions as a function of
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no significant effects on rheological and sensory data
were found.

4. Conclusions

This study demonstrated that the basic relationships
shown in the effect of emulsifiers, waxes, and poly—

meric thickeners, were similar in that each relates a 2.

good skin feeling score to a higher critical shear stress
and elastic modulus. However, the relationship was not

applicable to the cases of polyols and oils, where no 3.

reliable tendency was observed. It is expected that a
major challenge is to get to the bottom of the com-

plexity of the skin feeling property, which is intrin- 4

sically a composite of the interactions of two or more
parameters.
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