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Abstract: The validation of a cosmetic product is performed by physical analyses and sensory
assessment. However, the recruitment of panelists takes a long time and is expensive. Moreover, to
apply the product on the skin, microbiology analyses and safety are required but may not be not
enough to avoid inflammatory reaction on the skin. The solution could be the substitution of sensory
evaluation by instrumental measurement to predict the sensory profile before the panel. For the
study, thirteen different skin care emulsions based on their composition and texture were carried out
simultaneously by 12 expert panelists with a quantitative descriptive sensory evaluation profile and
by rheological and textural methods. A statistical methodology was the applied to find correlation
trends between both data sets. The methodology confirmed that the correlation between sensory
assessment and instrumental parameters is a good solution to save time. The multiple factor analysis
(MFA) showed the correlation between firmness with no visual residue attribute and the cohesion
with sticky 1 min, which are evident but this methodology could be used for finding more complex
correlations not found in literature.

Keywords: emulsions; rheology; texture; statistics; correlations

1. Introduction

The highly competitive environment in the cosmetics market is a powerful lever for
innovation. To attract and satisfy consumers, companies must quickly and qualitatively
develop even more effective skincare products with a high percentage of natural ingredients.
Their sensorial and perceived effectiveness largely depends on their texture, a key factor
in consumers’ appreciation of the product, together with its appearance in its primary
container, its handling quality and also its skin application.

Texture-related properties can be evaluated by conventional and widely described
sensory analysis with a trained panel [1]. Sensory analysis is composed of several phases:
the appearance, the pick-up, the rub out, and the after-feel [2], and is carried out by expert
panelists with up to 6 to 12 months of training. This assessment is therefore time-consuming
and costly, and efforts are being made to reduce both of these limitations [3–5]. Instrumental
techniques such as rheology and texture analysis can provide an alternative in the search for
reliable and reproducible texture information during the product development stages [6].

Major advances on this topic have been published in the last 15 years, mainly using
rheology, but also texturometry. Thanks to all this work, it is possible to start identifying
instrumental methods to correlate sensory attributes. For rheological methods such as the
flow curve, many parameters could be correlated with different attributes, like apparent
viscosity correlated with hydrophilic barrier creams [7], the hardness and softness of O/W
and W/O emulsions [8] are correlated at low shear rate, with stickiness and spreadability
and at high shear rate, are correlated with residual greasiness after application [7] and
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spreadability [9] but also correlated to the flow index [10]. Other parameters were simple
to predict such as the consistency index and sensory consistency of topical formulations,
Pourability attribute and viscosity [9].

Regarding oscillatory measurements, Lukic et al. established a clear correlation be-
tween yield stress, firmness and spreadability of W/O emulsions [11]. Gilbert et al. corre-
lated G” modulus and shape integrity on O/W emulsions [3]. Correlations were established
by Adejokun et al. between LVR and firmness on O/W emulsions [9].

Concerning instrumental texture analysis, Smewing & Jachowicz used an extrusion
test on shampoos to correlate the maximum positive force of firmness, and the positive
area under the curve for consistency, the maximum negative force for cohesion and the
negative area under the curve for the viscosity index [12]. These correlations were used as
a postulate and validated on cosmetic creams [13].

All of these correlations were found on only one category of product: emulsions, to
search the impact of an ingredient in the formula.

Moreover, all of the data collected to make these sensory-instrumental correlations
were validated by statistical tests such as ANOVA and Duncan’s 2-2 comparison [14–16] to
verify that the products are significantly different. Pearson’s correlation test and partial
least squares test (PLS) are often used to highlight these correlations, but only on predefined
formulas in which only the nature or the percentage of ingredients vary [17,18].

To analyze the results obtained for products with different ingredient compositions,
several statistical approaches are proposed, such as multi-factorial models. Multiple
factor analysis (MFA) allows us to simultaneously compare data from different sets of
parameters [19–21]. These tests are very rarely used in the field of cosmetics, and even less
to study sensory-instrumental correlations, but as they are efficient, we will apply them in
this paper.

In summary, emulsions from different compositions have been analyzed by two main
instrumental methods. We can however wonder which is the best instrumental parameter
among the above to correlate one specific attribute?

The aim of this original work is to develop a new approach to establishing correlations
between sensory and instrumental parameters on emulsions with different and unknown
compositions to extend to other galenic. We thus explore several attributes, from texture in
the jar to sensation on the skin immediately and after application.

The study focused on O/W emulsions, especially skincare products, where the exact
composition of the creams’ ingredients was not considered unlike to those described below.
In addition to sensory evaluation by a descriptive method, emulsions were characterized by
a rheological test to determine viscoelasticity and flow behavior, and by textural tests such
as firmness and consistency, among others. The instrument test protocols were developed
to ensure reliable, reproducible, and comparative measurements of the product universe.
The parameters were selected to mimic the sensory analysis conditions. For example,
the flow test was performed up to 1000 s−1 to simulate the shear when spreading the
product on the skin [22]. The geometry used for the texture analysis penetration test had a
diameter comparable to that of the finger. Finally, original statistical analyses were applied
to all the data to determine correlation trends between sensory attributes and instrumental
parameters, and thus to make the right choice of measurement to avoid multiple analyses
and save time in product design.

2. Materials and Methods
2.1. Samples

Thirteen skincare products were selected from the cosmetic skincare market, rep-
resentative of varying objectives and presenting different texture properties. The exact
composition of the products was not known. The products were numbered from 101 to 113.
Twelve of them were O/W emulsions, while the thirteenth (#109) was an oil-in-glycerin
emulsion.
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2.2. Methods
2.2.1. Sensory Analysis

In order to objectively determine the sensory texture properties, a quantitative descrip-
tive analysis was performed using a conventional type of profile following the NF ISO
13299 [23]. A trained internal panel was called upon for this study. It comprises volunteers
aged from 20 to 50 years old, of both sexes, devoid of skin diseases. The panelists gave
their informed consent to integrate the panel. They were specifically trained for the sensory
evaluation of emulsions by carrying out sensory profiles. Rating scales with a lexicon
of attributes and reference products are used for the extreme and intermediate values
of each of them. The performance of the panel was carried out to ensure repeatability,
discrimination, and consensus according to ISO 8586-1 [24]. Twelve panelists produced the
13 sensory profiles corresponding to the 13 products of the study. The definition protocols
and rating scale for each attribute are reported in Table 1. The evaluation of product texture
perception was divided into five stages. Thirteen attributes were selected for the study:
three attributes were evaluated in the first stage (called “in the jar”), two during the pick-up,
two during the rub out, two attributes were evaluated immediately after application, and
four were evaluated 1 min after the application.

Table 1. List of selected attributes, their definition, and extreme rating scale.

Stage Attribute Definition Rating Scale

In the jar Fluidity Product’s ability to move easily along the wall in its
container 0 (difficult to move) to 10 (moves easily)

Smoothness Product’s ability to deform from its original shape in
its container 0 (does not deform) to 10 (deforms)

Adherence Product capacity to be easily removed from the
container 0 (difficult to collect) to 10 (easily pickable)

Pick-up High peak Product’s ability to form a continuous thread
between the forefinger and thumb 0 (no thread) to 10 (continuous thread)

Slipperiness Product’s ability to facilitate movement between the
forefinger and thumb

0 (does not facilitate movement to 10 (facilitates
movement)

Rub out Spreadability Product’s ability to spread without application
resistance 0 (misallocation) to 10 (good distribution)

Visual residue Product’s ability to be completely absorbed by the
skin in the 10th round of application 0 (unabsorbed) to 10 (completely absorbed)

Immediate effects Greasiness Product’s ability to leave an oily sensation just after
application 0 (no oily feeling) to 10 (strong oily feeling)

Stickiness Product’s ability to leave an adhesion between
fingers and skin just after application 0 (no adhesion) to 10 (strong adhesion)

Residual effects Visual residue 1 min Product ability to be completely absorbed by the
skin 1 min after application 0 (unabsorbed) to 10 (completely absorbed)

Softness Product’s ability to leave a smooth, resilience-free
touch 1 min after application 0 (not mild) to 10 (soft)

Greasyiness 1 min Product’s ability to leave an oily sensation 1 min
after application 0 (no oily feeling) to 10 (strong oily feeling)

Stickiness 1 min Product ability to leave a past between fingers and
skin 1 min after application 0 (no adhesion) to 10 (strong adhesion)

The rating scale ranges from 0 to 10, with an increment of 0.5 point, offering 21 scoring
possibilities for each attribute. The products were evaluated by panelists in a room dedi-
cated to sensory analysis composed of individual boxes, with controlled temperature and
relative humidity. The panelists each had a sink, washing gel and paper at their disposal to
wash their hands and forearms at the beginning of the sessions and between each evalu-
ation. The products, randomly coded into three-digit numbers, were presented to them
randomly in neutral jars to minimize the influence of factors external to the products on
their responses. Finally, the panelists evaluated the products in sequential monadic rotation
(one product after another) and had free access to references if they needed a reminder
of the intensity scales before and during the evaluation. An average rating per product
was calculated from the ratings of each panelist. The raw data (the ratings per panelist per
product) were analyzed by the statistical tools presented in the statistical section.
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2.2.2. Instrumental Analysis

The instrumental methods depicted in this part were chosen according to the sensorial
stage (Table 2). Rheology, which represents the flow of the product under stress, can be
compared to the spreading of the product on the skin, and textural methods are associated
with the application of a force on the product. Considering the mixing oscillatory and flow
test, this method was chosen to mimic the restructuring of the product, from the application
of the product to the effects after one minute.

Table 2. Instrumental methods chosen according to sensorial stage.

Sensorial Stage Instrumental Methods

In the jar Shear flow test/Sweep test/Texture
Pick-up Texture test
Rub out Shear flow test/Oscillatory strain sweep test

Immediate effects Mixing oscillatory and flow test (%10 s)/Texture
Residual effects Mixing oscillatory and flow test/Texture

• Rheological Analysis

All the rheological tests were performed with an MCR 301 rheometer (Anton Paar;
Graz, Austria) at 25 ◦C, controlled by the RheoCompass software (Anton Paar, Graz, autria.
Measurements were made with a new sample loaded for each run. A solvent trap was used
to prevent solvent evaporation during measurement. The samples were allowed to relax
and acclimatize for at least 2 min after loading and before measurement.

Flow tests were carried out using a plate-plate sandblasted device (50 mm diameter).
An up-shear scan was done by a stepwise logarithmic increase from 0.01 to 1010 s−1 in
590 s.

For a value of n < 1, the product presented shear-thinning behavior, n > 1 shear
thickening behavior, and n = 1 Newtonian behavior. Characteristic parameters were
collected, especially values of viscosity at 0.01 s−1, corresponding to the apparent viscosity,
then 600 s−1 and 1000 s−1 to observe the evolution of the product under stress.

Oscillatory strain sweep tests were conducted at a frequency of 1 Hz from 0.01 to
1000% of strain using a plate-plate PMMA sandblasted device (50 mm diameter). Param-
eters were collected from the oscillation curves for each emulsion, including elastic and
viscous moduli (G′ and G′′, respectively), tan δ on the linear viscoelastic region (LVR), criti-
cal strain (γDL) and stress (σDL), corresponding to the point where the elastic modulus G′

plateau dropped by 10%, and critical strain (γcrossover) and stress (σcrossover), corresponding
to the cross-over point of G′ and G′′.

A protocol mixing oscillatory and flow test was carried out in three steps: a first-time
sweep of 100 s was performed in the LVR of each product at 1 Hz to remain within the
linearity limits of viscoelasticity, followed by a shear rate at 100 s−1 for 1 min. A second
time sweep was then run at the same strain from step 1 at 1 Hz for 900 s. The percentage of
restructuring were collected after 10 s, 30 s, 60 s, 120 s and 800 s.

• Textural Analysis

All instrumental characterization measurements of texture were conducted after a
24 h temperature equilibrium at 25 ◦C. Two tests were performed, a penetration test and an
extrusion test. Three repetitions were performed for each product in each test.

The penetration test was performed with a TA.XT Plus texturometer (Stable Micro
Systems, Surrey, UK) equipped with a 1 kg force sensor. The products were analyzed in a
jar with a capacity of 50 mL and a diameter of 50 mm. A P/0.5S probe entered the product
at a speed of 1 mm/s and at a fixed trigger force of 0.5 g, over a pre-set distance of 10 mm,
and was then extracted at the same speed. The curve of the force exerted by the sample
on the probe (in g) according to the time was recorded throughout the duration of the test
using Exponent software. Different parameters were extracted: Fmax (maximum positive
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force, in g), Aplus (A+) (positive area below the curve, in g.s), Fmin (minimum negative
force, in g), and Aminus (A−) (negative area below the curve, in g.s).

The extrusion test was performed on a TA Plus texturometer (Lloyd instruments Ltd.,
Bognor Regis, UK) with a compression disc of 45 mm diameter in an 80 mL container
(50 mm diameter) filled with cream to a height of 45 mm. The probe compressed and
extruded the product up and around the edge of the disc at a constant speed test of
2 mm/s to a distance of 25 mm, and then returned to its start position. Different extrusion
parameters were collected (i.e., firmness, consistency, cohesiveness, and viscosity index).

2.2.3. Statistical Analysis

All the measurements were performed in triplicate and the results were expressed
as mean ± SD (standard deviation). The statistical analyses were performed on sensory
and instrumental data to evaluate product discrimination. A two-way analysis of variance
(ANOVA) was performed, and when discrimination between the products was significant
(p < 0.05), the mean scores obtained were compared using a Duncan multiple comparison
test. All of the statistical analyses were performed using XLSTAT SENSORY software
(Addinsoft, Paris, France) (version 2020.5.1.10.51) and “R” software (R Development Core
Team, 2019) (version 4.0.3 (2020-10-10)). A Principal Component Analysis (PCA) was
applied to the correlation matrix of the average values of sensory, rheological, and textural
parameters to assess the correlations between variables and to highlight the properties
of emulsions or groups of emulsions. To compare PCA from sensory and instrumental
parameters, a multiple factor analysis (MFA) was applied to analyze the correlation of a
large set of variables split into groups. The MFA is an extension of the canonical analysis.
The groups can be composed of numeric or categorical variables. The first outcome was
the analysis of correlations between groups and between variables. The RV-ratio was used
to compute the correlations between variables and the principal component. Secondly, the
MFA drew an overall map of the samples [25]. This representation can be related to the
PCA map of each group.

3. Results
3.1. Sensory Analysis

The first step of the methodology was to check the diversity of the cosmetic products
analyzed. The mean scores obtained for each product are presented in Table 3. According to
the ANOVA, differences between the evaluated products are highly significant (p < 0.0001),
which means that the assessors were able to discriminate between the 13 products.

The fluidity attribute showed a value of 5 for product 109 but 0 for the other products,
only because product 109 moves in the jar. It was nonetheless retained as it does not modify
the statistical results and enables the scale of representation to be widened. All the other
attributes showed higher variability since they were of different textures (five to seven
clusters with Duncan’s test). To have a global vision of the products and its dispersion, two
PCAs were performed. The first involved the set of sensory descriptor data, and the other
examined the products in order to highlight their variability (Figure 1).

Both the PCA plot, (Figure 1a) representing the attributes with over 70% of observa-
tions, and the scatter plot showed good distribution of the product (Figure 1b). The many
different products allowed us to subsequently perform a significant analysis. The PC1 axis
(46.03%) is positively correlated with stickiness and adherence and negatively correlated
with the no visual residue attribute. The PC2 axis (25.96%) is positively represented by the
smoothness of the products and negatively represented by greasiness. For all 13 products,
the attributes of slipperiness, softness and spreadability are well correlated with each other,
but are anti-correlated with greasiness, in line with Lukic et al., (2013) who demonstrated
the correlation between spreadability and slipperiness [11]. Both the ANOVA and the
PCA showed a good variability of selected cosmetic products and can be analysed by
instrumental methods.
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Table 3. Average score (±sd) of the panelists of each attribute for the 13 cosmetic products.

Product Fluid Smoothness Adherence High Peak Slipperiness Spreadability No Visual
Residue Greasiness Stickiness No Visual

Residue 1 Min Softness Greasiness 1
Min

Stickyiness 1
Min

101 0.00 ± 0 c 5.79 ± 0.39 b 7.25 ± 1.4 b 5.41 ± 1.01 c 7.29 ± 0.81 ab 6,12 ± 1.00 bc 5.70 ± 1.17 c 4.5 ± 1.97 efg 5.25 ± 1.64 b 6.79 ± 1.76 de 6.50 ± 1.44 b 3.83 ± 1.74 ef 4.20 ± 1.46 d

102 0.00 ± 0 c 4.41 ± 0.46 c 7.4 ± 0.60 b 8.71 ± 0.80 ab 4.45 ± 1.37 f 3.95 ± 1.01 d 5.60 ± 1.31 c 5.83 ± 1.23 bcd 6.04 ± 1.35 abcd 7.44 ± 0.81 cde 5.50 ± 1.24 bc 4.79 ± 1.37 cde 4.70 ± 1.88 cd

103 0.00 ± 0 c 5.70 ± 0.70 b 6.08 ± 1.52 cd 3.33 ± 1.21 ef 6.04 ± 1.17 cd 6.08 ± 1.08 bc 5.66 ± 0.98 c 5.37 ± 1.22 cde 5.04 ± 1.65 d 6.91 ± 0.79 de 6.41 ± 1.78 bc 4.16 ± 1.4 ef 4.20 ± 1.61 d

104 0.00 ± 0 c 5.95 ± 0.81 b 6.04 ± 1.13 cd 9.12 ± 0.43 a 6.75 ± 1.07 bc 6.5 ± 0,79 ab 5.95 ± 1.09 bc 5.25 ± 1.35 cde 6.62 ± 1.55 ab 7.12 ± 1.24 de 3.08 ± 1.44 e 4.25 ± 1.6 def 6.25 ± 1.91 ab

105 0.00 ± 0 c 5.0 ± 0.56 c 7.83 ± 1.42 ab 3.62 ± 1.04 ef 5.66 ± 1.30 de 5.70 ± 0.68 bc 6.79 ± 0.89 b 3.87 ± 1.43 fg 3.00 ± 1.12 e 8.25 ± 0.75 bc 5.70 ± 1.51 bc 2.54 ± 1.23 g 1.66 ± 0.80 e

106 0.00 ± 0 c 3.70 ± 0.89 d 7.75 ± 0.86 ab 8.08 ± 0.79 b 3.29 ± 1.15 g 3.58 ± 1.29 d 5.95 ± 1.63 bc 6.25 ± 0.96 bc 6.08 ± 1.31 abcd 6.58 ± 1.88 ef 5.58 ± 1.67 bc 5.41 ± 1.08 cd 4.00 ± 1.75 d

107 0.25 ± 0.45 bc 3.54 ± 0.94 d 3.58 ± 1.31 f 3,12 ± 1.55 f 4.91 ± 1.44 ef 5.75 ± 1.05 bc 5.75 ± 1.13 bc 4.83 ± 1.71 def 5.20 ± 1.23 cd 7.70 ± 1.49 cd 6.12 ± 1.78 bc 3.45 ± 2.18 fg 3.70 ± 2.00 d

108 0.41 ± 1.44 bc 3.58 ± 0.63 d 8.0 ± 0.0 ab 8,12 ± 0.31 ab 6.00 ± 0.73 cd 6.00 ± 0.95 bc 3.66 ± 0.98 de 7.00 ± 0.82 b 7.20 ± 1.03 a 4.29 ± 0.45 g 3.91 ± 0.70 de 6.87 ± 0.85 ab 7.04 ± 1.13 a

109 5.16 ± 0.38 a 7.08 ± 0.28 a 6,95 ± 1.58 bc 4.95 ± 1.60 cd 5.20 ± 1.27 def 3.91 ± 1.37 d 1.33 ± 0.65 f 8,20 ± 0.58 a 5.66 ± 1.67 bcd 2,08 ± 0.51 h 6.75 ± 0.86 ab 7.83 ± 0.38 a 5.58 ± 0.99 bc

110 0.00 ± 0 c 6.0 ± 0.85 b 8.54 ± 0.98 a 8.75 ± 0.78 ab 6.70 ± 1.13 bc 6.62 ± 0.95 ab 4.58 ± 0.65 d 4.91 ± 1.50 def 6.37 ± 0.88 abc 5.79 ± 0.94 f 6.04 ± 1.51 bc 4.75 ± 1.48 cde 5.75 ± 0.98 bc

111 0.00 ± 0 c 5.00 ± 1.04 c 5.70 ± 1.63 de 4.25 ± 1.54 de 7.95 ± 1.27 a 7.12 ± 1.24 a 6.04 ± 1.05 bc 3.41 ± 1.44 g 3.20 ± 1.30 e 9,04 ± 0.39 ab 7.83 ± 1.03 a 3.16 ± 0.71 fg 1.83 ± 0.86 e

112 0.91 ± 2.8 c 5.75 ± 0.65 b 8.66 ± 0.49 a 8.45 ± 1.11 ab 4.91 ± 1.31 ef 4.25 ± 1.28 d 3.33 ± 1.67 e 6.16 ± 1.52 bc 5.87 ± 1.76 bcd 4.58 ± 1.31 g 5.08 ± 1.56 cd 5.91 ± 1.31 bc 5.50 ± 1.22 bc

113 0.00 ± 0 c 2.45 ± 1.11 e 4.75 ± 2.00 e 5.29 ± 1.35 c 4.70 ± 0.81 ef 5.29 ± 0.68 c 8.49 ± 0.67 a 4.54 ± 1.27 efg 3.33 ± 1.55 e 9.20 ± 0.58 a 6.41 ± 1.73 bc 3.04 ± 1.57 fg 1.66 ± 1.07 e

a,b,c,d,e,f,g Means with the same letter within a column do not differ significantly (p > 0.05).



Cosmetics 2022, 9, 84 7 of 21

Figure 1. (a) PCA loading plot of the attribute (variables) and (b) scatter plot of the products
(individuals) for the sensory evaluation (PC1 46.03%, PC2 25.96%).

3.2. Instrumental Analysis

The objective of this part is to validate the methods and to sort redundant and dis-
criminant parameters in order to apply as few methods as possible, but also those most
adapted to the company’s expertise.

3.2.1. Rheological Analysis

• The flow profile of emulsions under stress allows us to see how the product flows
when it is spread over the skin [26]. Figure 2 shows the flow curve of three products,
corresponding to the extreme and the middle products for the apparent viscosity at
0.01 s−1. All of the products exhibit a classical shear thinning behaviour and could
therefore be fitted by the Herschel Bulkley model (Equation (1) with σs the yield stress,
K the consistency index, and n the behavior index [25].

σ = σs + K.
.
γ

n (1)

Equation (1) Herschel Bulkley model
Each flow curve is perfectly overlapped with the Herschel Bulkley model (not shown

in the graph).

Figure 2. Viscosity (a) and flow (b) curves of three products representing the extreme 0 (109 and 107)
and the middle (103) of measurement.
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The flow behaviour of the 13 emulsions was analysed and the results are presented in
Table 4.

Table 4. Values of viscosity (means ± SD) obtained for 3 different shear rates (in s−1) and from the
Herschel Bulkley model (yield stress (σ), K and n).

Product η 0.01 (Pa·s) η 600 (Pa·s) η 1000 (Pa·s) Yield Stress, σs (Pa) K (Pa·sn) n (-)

101 3484 ± 40.7 c 0.42 ± 0.00 f 0.31 ± 0.00 h 44.58 ± 0.81 e 11.57 ± 0.59 d 0.45 ± 0.00 fg

102 5476 ± 111.8 b 0.67 ± 0.00 b 0.57 ± 0.00 b 66.40 ± 0.4 d 7.00 ± 0.14 f 0.59 ± 0.00 cd

103 3339 ± 8.6 c 0.51 ± 0.00 e 0.38 ± 0.00 f 31.34 ± 0.5 g 25.52 ± 0.24 a 0.35 ± 0.00 h

104 3479 ± 35.8 c 0.56 ± 0.00 d 0.41 ± 0.00 e 68.59 ± 2.7 c 11.39 ± 0.67 d 0.50 ± 0.01 ef

105 833.1 ± 0.9 g 0.39 ± 0.02 g 0.32 ± 0.01 gh 9.80 ± 0.2 l 4.85 ± 2.04 h 0.87 ± 0.13 a

106 1532 ± 17.3 e 0.52 ± 0.00 e 0.50 ± 0.00 c 28.992 ± 0.5 h 9.38 ± 0.08 e 0.50 ± 0.00 ef

107 7349 ± 223.5 a 0.68 ± 0.00 b 0.50 ± 0.00 cd 99.128 ± 0.59 a 23.09 ± 0.26 b 0.39 ± 0.00 gh

108 772.6 ± 31.2 g 0.37 ± 0.00 h 0.33 ± 0 g 23.338 ± 0.07 j 2.27 ± 0.02 i 0.68 ± 0.00 b

109 55.8 ± 0.2 h 0.58 ± 0.01 c 0.49 ± 0.00 d 0.40 ± 0.00 m 5.53 ± 0.02 g 0.66 ± 0.00 b

110 2298 ± 34.5 d 0.25 ± 0.00 j 0.19 ± 0.00 k 27.05 ± 0.14 i 4.02 ± 0.07 h 0.55 ± 0.00 de

111 824.6 ± 27.7 g 0.23 ± 0.00 j 0.20 ± 0 j 35.15 ± 0.56 f 1.55 ± 0.01 i 0.64 ± 0.00 bc

112 1219.3 ± 8.1 f 0.25 ± 0.00 ij 0.21 ± 0 i 15.22 ± 0.26 k 8.04 ± 0.22 f 0.44 ± 0.00 fg

113 3415 ± 180.2 c 0.98 ± 0.02 a 0.76 ± 0.00 a 89.97 ± 2.04 b 16.67 ± 0.06 c 0.53 ± 0.00 de

a,b,c,d,e,f,g,h,i,j,k,l,m Means with the same letter within a column do not differ significantly (p > 0.05).

For all the samples, apparent viscosity was between 55 Pa·s and 7349 Pa·s, and most of
them had a yield stress. Product 109 is just a shear-thinning product, without yield stress,
but the Hershel Bulkley model was performed because of the R2 level. The viscosity index
(n) was lower than 1 for all the products, indicating shear-thinning behaviour.

Indeed, the more the shear rate increased, the greater the decrease in viscosity for each
emulsion, in accordance with the value of n [27]. Regarding the yield stress, values ranged
from 9.80 Pa for product 105 to 99.12 Pa for product 107. Almost all the products are signif-
icantly different, with a p-value less than 0.05 (Table 4). A principal component analysis
(PCA) was thus carried out on the emulsion dataset, with the 13 products representing
individuals and the 6 rheological parameters as variables (Figure 3). The total variables
accounted for 85.48% of the total variance (63.79% and 21.69% respectively).

Figure 3. (a) PCA loading plot of the rheological parameters (variables) and (b) scatter plot of the
products (individuals) for the flow tests (PC1 63.79%, PC2 21.69%).

The loading plot of the rheological parameters and flow properties showed that the
vectors of variables were well presented (Figure 3a). PC1 is positively represented by the
apparent viscosity at 0.01 s−1 and yield stress, while PC2 is positively represented by n
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and negatively by K. The products in the positive PC1 axis presented high viscosity, while
the negative PC1 axis presented the product with a low viscosity (Figure 3b). Product 103
had the lowest negative value on PC2 due to its weak consistency index. Products 105,
108, 109, 110, 111, and 112 belong to the first cluster, with a lower value of yield stress. The
second cluster is comprised of 101, 102, 103, 104, and 106 with intermediate yield stress,
while the third cluster is comprised of 107 and 113 with the highest yield stress. These two
products showed that viscosity could differ but present a similar yield stress (89 and 99) Pa.
The viscosity is the resistance to flow, and the behaviour of the products showed different
viscosities caused by the ingredients (nature and concentration) that played a role in the
flow [28]. All of the products were well discriminated with the shear flow test. Finally, the
analysis of the data by the PCA makes it possible to validate this method, (Table 5) and to
observe the redundant parameters and to select the most relevant one because all of the
square cosines (cos2) of the parameter are significant. As the parameters η (1000) and η (600)
are strongly correlated, and the parameter K is also strongly correlated with η (0.01), one of
them can be selected. Each parameter has a projection angle on the two axes of the circle.
The value of the cos2 of the angle makes it possible to know its representativeness; it must
at least be greater than the inertia of the axis, and the higher the cos2, the more relevant
it is. Among the six parameters collected in this test and according to the percentage of
observation, two of them are not selected, such as η (1000), the value of the cos2 is greater
on the PC1 (0.700 for 63.7%) with a higher percentage than PC2 (0.369 for 21.6%) and K.

Table 5. Values of cos2 for each parameter for the two axes of PCA flow test (the significant values
are in bold.

Method Parameter PC1 (0.637) PC2 (0.216)

Flow test

ï (0.01) 0.733 0.056
ï (600) 0.700 0.271

ï (1000) 0.573 0.369
Yield stress (σs) 0.778 0.000

k 0.671 0.118
n 0.371 0.486

• Oscillatory strain tests determined the viscoelastic behavior of the samples in the
range of non-destructive strain to obtain the linear viscoelastic region (LVR) and the
strength of the network of the product [29]. Like the flow test, the curve of the three
extreme and middle products are shown in Figure 4. Table 6 presents the test results.
All the products have a value of G′ > G′′ and presented predominant elastic behavior
in the LVR.

Table 6. Rheological data (means ± SD) obtained from the strain tests for the 13 emulsions. The value
of G′, G′′ and tan δ correspond to the linear viscoelastic region (LVR).

Product G′ (Pa) G′′ (Pa) tan δ γDL (%) σDL (Pa) σcrossover (Pa) γcrossover (%)

101 331.51 ± 1.71 h 46.85 ± 0.38 ij 0.142 ± 0.000 k 3.235 ± 0.005 c 9.834 ± 0.033 g 65.47 ± 0.03 g 82.49 ± 0.61 b

102 4148.25 ± 35.65 a 1090.05 ± 13.55 a 0.263 ± 0.001 f 0.554 ± 0.003 i 22.680 ± 0.008 b 93.99 ± 0.19 d 51.99 ± 0.14 e

103 336.57 ± 0.29 h 43.91 ± 0.03 jk 0.130 ± 0.000 l 4.235 ± 0.055 a 14.031 ± 0.192 d 77.14 ± 0.03 f 67.04 ± 0.11 c

104 345.12 ± 4.64 h 64.56 ± 0.54 i 0.187 ± 0.001 j 3.910 ± 0.030 b 12.547 ± 0.273 e 103.20 ± 2.40 c 111.71 ± 1.79 a

105 3111.90 ± 12.40 b 873.48 ± 0.2 b 0.281 ± 0.001 c 0.069 ± 0.021 k 1.991 ± 0.552 j 84.78 ± 9.69 e 42.29 ± 7.49 f

106 2111.25 ± 25.55 c 481.78 ± 2.89 d 0.229 ± 0.001 i 0.818 ± 0.054 h 16.724 ± 0.832 c 77.34 ± 1.02 f 32.35 ± 1.01 g

107 1179.00 ± 10.00 e 114.44 ± 1.31 h 0.097 ± 0.000 m 2.890 ± 0.040 d 32.190 ± 0.072 a 159.00 ± 0.30 a 58.18 ± 1.30 d

108 3078.90 ± 84.70 b 738.19 ± 16.22 c 0.240 ± 0.001 h 0.440 ± 0.006 j 12.925 ± 0.144 e 57.03 ± 0.08 h 33.33 ± 0.70 g

109 39.65 ± 0.02 i 27.79 ± 0.11 k 0.701 ± 0.002 a 1.615 ± 0.025 e 0.721 ± 0.011 k 2.38 ± 0.05 k 7.05 ± 0.21 h

110 676.67 ± 8.48 g 186.21 ± 4.58 g 0.275 ± 0.003 d 1.280 ± 0.000 f 7.600 ± 0.151 i 33.34 ± 0.71 j 43.42 ± 0.96 f

111 1384.55 ± 22.15 d 349.62 ± 7.77 f 0.253 ± 0.001 g 0.854 ± 0.007 h 10.826 ± 0.105 f 50.44 ± 0.09 i 34.24 ± 0.95 g

112 976.50 ± 17.53 f 436.96 ± 9.17 e 0.448 ± 0.001 b 0.951 ± 0.006 g 8.890 ± 0.246 h 63.16 ± 0.61 g 42.54 ± 1.95 f

113 4151.50 ± 119.00 a 1106.90 ± 29.40 a 0.267 ± 0.000 e 0.814 ± 0.010 h 31.515 ± 1.224 a 112.65 ± 6.55 b 8.95 ± 0.53 h

a,b,c,d,e,f,g,h,i,j,k Means with the same letter within a column do not differ significantly (p > 0.05).
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Figure 4. Viscoelastic characterization of the three extreme products (107, 109 and 113) of the PCA
(Figure 6). The crossover of each product is marked by a red circle.

The ANOVA test showed that most products are significantly different (p < 0.05).
A PCA was carried out on the data with the 13 products as individuals and the seven
rheological parameters as variables (Figure 5). The total variables account for 84.1% of total
variance (44.63% and 39.47% respectively). The loading plot of the rheological parameters
shows that the vectors of variables are well presented (Figure 5a). PC1 is positively related
to G′, G′′, and negatively related to the percentage of strain (γDL), while PC2 is positively
related to stress (σcrossover and σDL) and negatively related to tan δ.

Figure 5. (a) PCA plot of the rheological parameters (variables) and (b) scatter plot of the products
(individuals) for the oscillation strain test (PC1 44.63%, PC2 39.47%).

The scatter plot (Figure 5b) shows three extreme products: 109 has the lowest values
of G′ (39.65 Pa) and G′′ (27.79 Pa) and tan δ is very high (0.701), 107 has the lowest value of
tan δ (0.097) and the highest value of σcrossover (159 Pa), corresponding to the least liquid



Cosmetics 2022, 9, 84 11 of 21

product, and 113 has the highest value of G′ (4151 Pa) and a high value of σcrossover (112.6),
corresponding to a stiff and strong product [30]. The products 102, 105, 106, and 108 made
up the first cluster, representing a low value of tan δ (around 0.2) and high viscosity (2111
to 4148 Pa). The products 110, 111 and 112 comprise the second cluster, with a low G′

and G′′, corresponding to the softest structure of the products. The products 101, 103, 104
comprise the last cluster, represented by a very low tan δ (0.097 to 0.180) and low viscosity
(330 to 1179 Pa). Moreover, all the products had a value of tan δ < 1, specific to viscoelastic,
solid-like emulsions [27]. The module G′ is strongly correlated to G′′, γcrossover with γDL
and σDL with σcrossover. According to the values of cos2 of this test (Table 7), the sorting
data didn’t select σDL, γcrossover. On the other side, G′′ is not selected because the study
concerns solid viscoelastic and presented a value of G′ > G′′.

Table 7. Values of cos2 for each parameter for the two axes of PCA oscillation strain test (the significant
values are in bold).

Method Parameter PC1 (0.446) PC2 (0.394)

Oscillation strain test

G′ (Pa) 0.918 0.038
G′′ (Pa) 0.803 0.02
tan (δ) 0.236 0.485
γDL (%) 0.465 0.272
σDL (Pa) 0.115 0.264

σcrossover (Pa) 0.467 0.485
γcrossover (%) 0.209 0.344

Mixing oscillatory and flow test. The product analysis was carried out in greater
depth by measuring the percentage of restructuring after a shear. To begin with, the
viscoelasticity of the product was measured at rest (G′ and G′′) for 100 s at 0.01 s−1,
and then at a shear rate of 100 s−1 for 100 s and at 0.01 s−1 for 900 s. Figure 6 shows a
representation of the test of the two extreme products (101 and 109) and the intermediate
product (110) for the restructuring. This measure mimics the spreading of the cream on the
hand. The percentage of restructuring after shearing was measured at many different times:
10 s, 30 s, 60 s, 120 s and 800 s. These different measures allowed to study the capacity of
the restructuring of the product with time and corelated with the different stages of sensory
assessment. The results are presented in Table 8.

Figure 6. Viscoelasticity measurement of the 3 extreme products (101, 109 and 110) of the PCA
(Figure 5) with G′, elastic modulus, and G′′, viscous modulus.
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Table 8. Values of the percentage of the emulsion’s restructuring at different times for the 13 cosmetic
products.

Product 10 s (%) 30 s (%) 60 s (%) 120 s (%) 800 s (%)

101 0.0 ± 0 i 99.7 ± 0.3 b 101.0 ± 0.3 b 102.6 ± 0.4 b 107.4 ± 0.5 a

102 48.0 ± 0.8 e 58.1 ± 1.0 e 61.7 ± 1.1 e 65.5 ± 1.2 e 96.5 ± 1.7 b

103 93.7 ± 0.6 a 103.6 ± 0.6 a 105.2 ± 0.7 a 106.6 ± 0.7 a 107.1 ± 0.9 a

104 50.9 ± 0.1 c 67.1 ± 0.2 d 69.4 ± 0.1 d 71.8 ± 0.1 d 78.7 ± 0.2 d

105 0.0 ± 0 i 21.3 ± 1.5 i 23.8 ± 1.2 i 26.0 ± 1.2 j 35.0 ± 2.2 h

106 20.5 ± 0.5 f 28.5 ± 0.6 h 32.3 ± 0.6 h 36.3 ± 0.6 h 50.1 ± 0.3 f

107 0.0 ± 0 i 83.0 ± 0.5 c 83.3 ± 0.6 c 84.1 ± 0.6 c 86.0 ± 0.7 c

108 13.6 ± 0.5 g 20.8 ± 0.7 i 24.2 ± 0.9 i 28.0 ± 1.2 i 51.2 ± 3.1 f

109 85.4 ± 1.7 b 84.2 ± 2 c 83.7 ± 1.8 c 83.8 ± 1.2 c 85.2 ± 1.2 c

110 0.0 ± 0 i 39.0 ± 1.1 f 43.6 ± 1.2 f 48.6 ± 1.3 f 63.9 ± 1.9 e

111 20.6 ± 0.2 f 33.4 ± 0.3 g 38.4 ± 0.4 g 44.2 ± 0.4 g 77.5 ± 0.7 d

112 12.4 ± 0.1 h 20.3 ± 0.0 i 22.9 ± 0.4 i 27.3 ± 1.9 ij 41.6 ± 0.8 g

113 49.1 ± 0.1 d 67.0 ± 0.2 d 70.1 ± 0.1 d 73.5 ± 0.1 d 86.5 ± 0.3 c

a,b,c,d,e,f,g,h,i,j Means with the same letter within a column do not differ significantly (p > 0.05).

The ANOVA test shows that almost all the products are significantly different (p < 0.05).
The restructuring percentages after 10 s ranged from 0 to 93.7, and at the end of the test the
percentages ranged from 35 to 107.4. Product 109 is defined above with lower viscosity and
a weak network, and presents a faster and more stable restructuring, with a percentage
equal to 85.45 at 10 s and 85.2 at 800 s. A PCA was carried out on the data with the
13 products as individuals and the 5 parameters as variables (Figure 7). The total variables
accounted for 97.49% of total variance (84.09% and 13.4% respectively). The loading plot
of the restructuring test showed that the variable vectors are well represented (Figure 7a).
PC1 is correlated with the percentage of restructuring of 30 s, 60 s, 120 s and 800 s (long
restructuring) and PC2 is correlated with the percentage of restructuring of 10 s (immediate
restructuring). All the parameters on the PC1 are relevant (Table 9) and are highly correlated
each other. The chosen parameter is the percentage at 60 s because it is the closer to the
sensorial stage “residual effects” after 1 min. Product 103 had the fastest restructuring,
with 93% of restructuring after 10 s of shear and 105% after 60 s. The products 105, 106, 108,
110, 111, 112 and 113 showed a low restructuring capacity at 60 s and a low percentage at
10 s (Figure 7b). The products 102, 104 and 113, showed a medium restructuring capacity
at 60 s and 10 s. Finally, products 101 and 107 presented no restructuring at 10 s but the
highest value at 60 s. The restructuring of an emulsion can be due to the network bonds
or the volume fraction of the oil phase [27]. Shearing at 100 s−1, which represents the
start of the spread of the cream on the skin, modified the bonds between the emulsion
particles, with the different emulsions displaying a different effect. We can conclude that
these results were due to the composition of the emulsion and the interactions between all
the ingredients. The selected parameters for this method are the percentage of restructuring
at 10 s and 60 s.

Table 9. Values of cos2 for each parameter for the two axes of PCA restructuring test (the significant
values are in bold).

Parameter PC1 (0.840) PC2 (0.134)

10 s (%) 0.393 0.607
30 s (%) 0.967 0.016
60 s (%) 0.974 0.016

120 s (%) 0.978 0.017
800 s (%) 0.893 0.013



Cosmetics 2022, 9, 84 13 of 21

Figure 7. (a) PCA loading plot of the rheological parameters (variables) and (b) PCA loading plot of
the products (individuals) for the restructuring test.

3.2.2. Textural Analysis

The second test often used to correlate attributes to instrumental parameters is the
texture analysis [12,13]. The results of the penetration and extrusion tests are presented in
Table 10.

Table 10. Textural data (means ± SD) from the extrusion and penetration tests for the 13 cosmetic
products.

Extrusion Penetration

Product Firmness (N) Cohesiveness
(N)

Consistency
(N·mm)

Viscosity
Index (N·mm) Fmax (g) Fmin (g) A+ (g·s) A− (g·s)

101 2.58 ± 0.14 h −1.99 ± 0.03 c 48.97 ± 1.13 h 28.78 ± 1.11 h 7.38 ± 0.14 ij −3.60 ± 0.04 c 54.1 ± 0.7 hi −27.20 ± 0.34 c

102 4.94 ± 022 c −4.21 ± 0.19 i 96.21 ± 1.58 c 61.94 ± 1.83 c 21.11 ± 0.32 b −9.13 ± 0.19 h 143.2 ± 5.3 b −68.12 ± 0.34 g

103 2.90 ± 0.08 g −2.36 ± 0.04 d 61.23 ± 2.32 g 35.21 ± 2.02 g 8.12 ± 0.17 i −3.29 ± 0.10 bc 59.6 ± 2.0 h −24.24 ± 0.84 c

104 4.73 ± 0.16 c −3.31 ± 0.19 f 91.16 ± 1.60 d 44.00 ± 2.12 ef 14.97 ± 0.50 f −3.07 ± 0.11 b 108.6 ± 3.6 e −17.84 ± 1.24 b

105 4.81 ± 0.19 c −3,79 ± 0.15 h 90.25 ± 1.96 d 51.37 ± 2.29 d 19.13 ± 0.55 c −8.72 ± 0.47 gh 143.2 ± 5.3 b −56.20 ± 3.96 f

106 4.01 ± 0.05 e −3.54 ± 0.05 g 83.65 ± 2.49 e 52.39 ± 1.99 d 17.64 ± 0.94 d −8.07 ± 0.16 f 133.1 ± 4.7 c −58.29 ± 1.92 f

107 5.38 ± 0.09 b −4.65 ± 0.02 j 109.17 ± 0.82 b 72.32 ± 0.58 b 15.95 ± 0.23 e −8.55 ± 0.09 g 111.3 ± 2,9 de −64.67 ± 1.57 g

108 3.50 ± 0.13 f −2.92 ± 0.12 e 72.10 ± 4.63 f 40.77 ± 2.98 f 13.01 ± 0.14 g −5.99 ± 0.12 e 91.5 ± 2.2 f −44.26 ± 1.56 e

109 0.68 ± 0.06 j −0.45 ± 0.02 a 12.88 ± 0.41 j 8.35 ± 0.50 j 1.75 ± 0.00 k −0.77 ± 0.02 a 19.7 ± 0.3 j −6.02 ± 0.04 a

110 1.90 ± 0.07 i −1.49 ± 0.07 b 39.36 ± 2.81 i 22.77 ± 1.50 i 7.08 ± 0.23 j −3.03 ± 0.07 b 50.6 ± 1.9 i −23.73 ± 0.29 c

111 2.47 ± 0.04 h −1.96 ± 0.03 c 52.08 ± 2.89 h 30.42 ± 2.50 h 10.88 ± 0.39 h −4.34 ± 0.09 d 75.6 ± 2.9 g −33.26 ± 0.58 d

112 4.45 ± 0.09 d −3.36 ± 0.19 fg 89.65 ± 5.21 d 46.76 ± 2.39 e 16.68 ± 1.12 e −5.83 ± 0.26 e 118.8 ± 8.1 d −42.26 ± 3.34 e

113 7.36 ± 0.39 a −6.13 ± 0.11 k 153.86 ± 3.43 a 100.20 ± 1.71 a 32.51 ± 0.69 a −11.04 ± 0.72 i 235.3 ± 10.8 a −79.50 ± 6.57 h

a,b,c,d,e,f,g,h,i,j Means with the same letter within a column do not differ significantly (p > 0.05).

The ANOVA test showed that almost all of the products are significantly different
(p < 0.05) and the number of clusters is between 8 and 11. The cosmetic products are well
discriminated by these methods.

A PCA was carried out on the dataset with the 13 products as individuals and eight
parameters as variables (Figure 8).
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Figure 8. (a) PCA loading plot of the textural parameters (variables) and (b) scatter plot of the
products (individuals) for the textural test (PC1 93.96%, PC2 4.05%).

The loading plot of the textural parameters showed that the vectors of variables are
well-represented (Figure 8a). Total variables accounted for 98.01% of total variance (93.96%
and 4.05% respectively). PC1 is positively correlated to cohesiveness and negatively
to viscosity. These high correlations are due to the significant difference in viscosity
and consistency between the products. The scatter plot showed three extreme products
(Figure 8b): product 109 was the most fluid and the least cohesive, while product 113
appeared the most consistent in accordance with the high value of G′ (4151 Pa). Moreover,
product 104 showed the highest value on PC2, which could be related to the high value
of the attribute peak (9.12). The other products had mean values for the eight parameters.
The texture analysis is designed to pinpoint products with high or low viscosity. Many
parameters gave the same information. Consistency and firmness were highly correlated,
while the Fmax and Aplus (A+) viscosity index had the same coordinates. Finally, Aminus
(A−) and Fmin were also strongly correlated. The positioning of the products using the
PCA method showed product 113 to be the firmest and most consistent, and 109 was the
least consistent and cohesive. These results are in line with the fluid texture described
above. Product 104 showed medium values for all the parameters, and the cluster of
the other products showed intermediate values for certain parameters. Considering the
parameters, A (−), Fmin and cohesiveness are strongly correlated with each other but anti-
correlated with five parameters also strongly correlated themselves such as consistency,
firmness, viscosity index, Fmax and A (+). The Table 11 shows the cos2 of each parameter.
The extrusion test was more represented than the penetration test with four pertinent
parameters against two for the penetration test.

Table 11. Values of cos2 for each parameter for the two axes of PCA texture test (the significant values
are in bold).

Method Parameter PC1 (0.939) PC2 (0.040)

Extrusion test

Firmness (N) 0.969 0.019
Cohesion (N) 0.981 0.002

Consistency (N·mm) 0.968 0.026
Viscosity index (N·mm) 0.987 0.002

Penetration test

Fmax (g) 0.974 0.000
Fmin (g) 0.949 0.050
A(+) (g·s) 0.933 0.009
A(−) (g·s) 0.933 0.064
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In this case, we can consider many parameters because they are all correlated. In this
study, the firmness and cohesiveness are selected.

In summary, the sorting data leaded to have less parameters to analyse by MFA.
Among 26 parameters collected, 12 were selected for the multiple factor analysis (Table 12).

Table 12. Number of parameters for each method before and after the screening methodology.

Before After

Rheological test
Flow 6 4

Sweep 7 4
Mix flow and sweep 5 2

Textural test
Penetration 4 2
Extrusion 4 0

TOTAL 26 12

4. Discussion

The cosmetic products analyzed presented a good variability of sensorial, textural
and rheological profiles, that is important to prove the correlation method whatever its
composition.

An MFA was carried out with both sensorial and instrumental data selected (Figure 9)
to evaluate potential correlations. Total variables accounted for 62.22% of total variance
(37.54% and 24.68% respectively). Each color represents a type of measurement cited below
(e.g., oscillation sweep in green, phase of sensory evaluation in brown, etc.).

Table 13 shows the value of the cos2 of each parameter and attribute. The percentage of
restructuring at 10 s is only relevant on the PC3 but with only 12.8% of total observation. As
we want a robust method, this parameter is not selected. However, all other parameters are
relevant. On the contrary, many attributes are not correlated with instrumental parameters
for the three axes such as high peak, greasiness, stickiness, smoothness and stickiness 1 mn.
The attributes slipperiness and spreadability shows a relevancy on PC3 but with a low
percentage of observation (12.8%), making it not strong enough for the methodology of
correlation.

Table 13. Values of cos2 for each parameter for the three axes of MFA (the significant values are in bold).

Method Parameter PC1 (0.375) PC2 (0.246) PC3 (0.128)

Rheology

ïïï (0.01) 0.581 0.170 0.000
ïïï (600) 0.412 0.033 0.462

Yield Stress (σs) 0.777 0.062 0.004
n 0.095 0.444 0.003

G′ 0.261 0.514 0.103
tanδ 0.492 0.037 0.277
γDL 0.018 0.880 0.018

σcrossover 0.896 0.005 0.004
10 s (%) 0.022 0.242 0.529
60 s (%) 0.036 0.815 0.042

Texture
Firmness 0.775 0.097 0.033

Cohesiveness 0.808 0.110 0.041
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Table 13. Cont.

Method Parameter PC1 (0.375) PC2 (0.246) PC3 (0.128)

Attribute

Fluidity 0.392 0.050 0.312
Softness 0.461 0.257 0.029

Adherence 0.568 0.208 0.007
HighPeak 0.087 0.039 0.047

Slipperiness 0.085 0.176 0.288
Spreadability 0.001 0.228 0.353
Vusal Residue 0.622 0.009 0.000

Greasiness 0.033 0.053 0.000
Stickiness 0.110 0.005 0.034

Vusal Residue
1 mn 0.557 0.002 0.122

Smoothness 0.092 0.002 0.010
Greasiness

1 mn 0.495 0.002 0.216

Stickiness 1 mn 0.281 0.024 0.022

Figure 9. MFA plot of the sensorial and instrumental parameters (variables PC1/PC2 (PC1 39.33%.
PC2 23.88%). Because of R software, some variables are different in the figure than in the text.
n0.01 = η (0.01). X60 s = 60 s (%). X10S = 10 s (%). G1 = G′. tan D = tan δ. Sco = σcrossover. Gdl = γDL.

This first step allowed for the elimination of the non-relevant attributes for correlation
with the instrumental parameter. The second step was to integrate only final attributes and
parameters selected to highlight the stronger correlations. Figure 10 represents the MFA
with the selected parameters and attributes. Total variables accounted for 74.45% of total
variance (45.01% and 29.44% respectively).
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Figure 10. MFA plot of the sensorial and instrumental parameters sorted (variables PC1/PC2 (PC1
45.01%. PC2 29.44%). Because of R software. some variables are different in the figure than in the text.
n0.01 = η (0.01). X60s = 60 s (%). G1 = G′. tan D = tan δ. Sco = σcrossover. Gdl = γDL.

Table 14 presents the cos2 of each parameter and shows that only the fluidity attribute
is represented on PC3 but not in PC1 and PC2. This attribute cannot be correlated to
an instrumental parameter because of the low percentage of variance of this axis (10.6%)
compared to the others. However, visualization of correlations is clearer, and two types of
correlation are highlighted, strong and weak correlations according to the angle between
two parameters. The smaller the correlation, the stronger the correlation and in the opposite,
if the angle is close to 180◦, we have inverse correlations, which means that when the value
of one parameter increases, the other decreases.

Table 14. Values of cos2 for each parameter for the three axes of MFA after the sort (the significant
values are in bold). The pertinent parameters for PC1 and/or PC2 are in bold.

Test Parameter PC1 (0.450) PC2 (0.294) PC3 (0.106)

Rheology

ïïï (0.01) 0.635 0.131 0.002
ï 600 0.433 0.008 0.514

Yield Stress 0.822 0.026 0.018
n 0.139 0.430 0.017

G′ 0.190 0.611 0.077
tanδ 0.521 0.019 0.350
γDL 0.054 0.837 0.030

σcrossover 0.883 0.000 0.002
60 s (%) 0.082 0.767 0.084

Texture
Firmness 0.701 0.172 0.023

Cohesiveness 0.728 0.186 0.032
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Table 14. Cont.

Test Parameter PC1 (0.450) PC2 (0.294) PC3 (0.106)

Attribute

Fluidity 0.366 0.077 0.469
Softness 0.385 0.321 0.016

Adherence 0.643 0.124 0.000
Visual Residue 0.621 0.047 0.001
Visual Residue

1 min 0.566 0.025 0.131

Greasiness
1 min 0.511 0.003 0.173

The visual residue and visual residue 1min are highly correlated to firmness but
anti-correlated to cohesiveness, and weakly correlated to η (0.01), σs and σcrossover. All
the other correlations are presented in Table 15. Considering the value of cos2 of the
instrumental parameters, the texture seems to be more relevant than rheology for these
attributes. Figure 11 represents the correlation thanks to a heatmap, which highlights
correlations with different colors. The dark blue color shows the strong anticorrelation,
whereas the dark red color shows the strong correlation. The lower the color becomes, the
lower the correlation.

Table 15. Summary of strong and weak correlations between selected attributed and instrumental
parameters.

Type of Correlation Attribute Parameter

Correlated Anti-Correlated

Strong correlation Visual residue Firmness Cohesiveness
Visual residue 1 min Firmness Cohesiveness

Adherence tan δ ï (0.01), σs
Softness Cohesiveness Firmness, G′

Greasiness 1 mn tan δ, cohesiveness ï (0.01), σs

Weak correlation Visual residue ï (0.01), σs, σcrossover
Visual residue 1 mn ï (0.01), σs, σcrossover

Adherence n γDL, 60s(%)
Softness σs

We can conclude that with the combination of the extrusion test associated with
rheology, it is possible to determine the correct measurement for a specific attribute. Thus,
the statistical methodology proposed will lead to the choice of the more efficient measure
to correlate a specific attribute. This methodology may take long to develop, but once the
instrumental protocols and parameters have been fixed, it should allow us to save time by
limiting the sensory analysis step.
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Figure 11. Heatmap of the correlations with the selected attributes and parameters.

5. Conclusions

The aim of the study was to propose a methodology to discern correlation trends
between sensorial attributes and instrumental parameters. Thirteen emulsions were se-
lected and analyzed using rheological and textural measurements to position the products
according to several parameters. Adopting multi-factorial analysis (MFA), sensorial and
instrumental data were superposed, a first step towards finding correlation trends between
the two. The statistical study of each product (PCA) optimized the instrumental mea-
surements by eliminating certain non-significant and redundant parameters. Thus, the
extrusion test can substitute visual residue, softness and greasiness 1 min attributes, and
rheological measurement such as sweep test the adherence attribute. The measurement
methods deployed fast and simple steps. The global correlation methodology is innovative
and promising, creating correlating groups between sensory analyses and instrumental
measurements for very different emulsion compositions and textures, with statistical tests
not previously applied in this field. It allowed for the revealing of new correlations de-
scribed in the above-cited references, but also the highlighting of new ones. It would be
interesting to apply this strategy to more emulsions to refine correlation trends to make
fewer instrumental measurements. This methodology could help to correlate more at-
tributes that were not found in the present study. Furthermore, this methodology can be
useful to the formulators during their development steps. They could compare different
composition strategies and select the appropriate ingredients and concentrations for an
optimized texture. Finally, the methodology can be used as a model for other cosmetic
product categories.
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