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Abstract: Maintaining insoluble plant-based ingredients in suspension and ensuring long-term
physical stability is particularly challenging for formulators of green cosmetics. This study aimed to
evaluate the structure and applicative properties of gel and gel-cream topical formulations suitable for
delivering an insoluble phytocomplex on the vaginal mucosa and maintaining its integrity. For this
purpose, we studied the compatibility of Perilla frutescens (L.) Britton phytocomplex (PFP), derived
from in vitro plant cell cultures and presented as a powder finely dispersed in glycerin, with different
classes of natural rheological modifiers (such as xanthan gum, sclerotium gum, succinoglycan,
xyloglucan, diutan gum, hydroxypropyl guar gum derivative) in gel and gel-cream formulations, to
meet the needs of the cosmetic market for naturalness and biodegradability. Through rheological
and texture analyses, we studied the physico–mechanical properties of the samples, comparing
the performances of the chosen polysaccharides to those of acrylic polymeric rheological modifiers,
evaluating their contribution in terms of stability and applicative properties. Since a weak-gel
rheological pattern proved to be the optimal one to keep the actives in suspension, the associations of
tamarind seed polysaccharides with succinoglycan or scleroglucan were the most suitable for the
formulation of mucoadhesive gels.

Keywords: green cosmetics; rheology; texture; stability; Perilla frutescens; phytocomplex; in vitro
plant cell culture

1. Introduction

In recent years, when it comes to the purchase decision of cosmetic products, con-
sumers are increasingly trying to make informed choices, not only in terms of safety and
efficacy, but also in terms of respect for our environment. In this context, green cosmetics
have become a popular trend and the use of plant-based actives is in great demand [1].
Plant-based ingredients have been known for many years in the pharmaceutical and cos-
metic fields for their well-documented biological effects and their use in today’s products
is appealing [2]. Traditional plant extracts have extreme variability in the phytocomplex
composition, depending on factors such as climate, soil, and cultivation techniques. This
variability cannot always guarantee the efficacy of the extract in healthcare applications [3].
Plant cell culture technology is a technique for plant cell growth under strictly controlled
environmental conditions that makes it possible to obtain preparations with a standardized
content of active substances and a high consumer safety profile [4]. However, during the
formulation process with these active ingredients, manufacturers may encounter some
difficulties due to dispersion problems, instability phenomena, or the interaction with other
components of the vehicle leading to long-term instability [5–8]. It is, therefore, extremely
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important during the product development design to evaluate a rational inclusion of these
actives in the formula, considering any incompatibility phenomena, to achieve the required
stability and efficacy objectives [9,10]. The long-term stability of a cosmetic formulation is a
compulsory requirement to guarantee product safety, but the stability testing protocols are
time-consuming procedures.

Hydrophilic polymers are commonly used in cosmetic formulations for their stabiliz-
ing properties, acting as rheological modifiers and suspending agents for insoluble active
ingredients. Hydrophobic particles, in fact, due to their non-polar chemical nature, tend to
aggregate together with the aim of minimizing contact with the aqueous phase, causing
instability phenomena, such as flocculation or sedimentation. Thanks to their ability to
coordinate water molecules and form a thick three-dimensional network, Synthetic acrylic
polymers have been used over the years to help the dispersion of the hydrophobic particles
in water by increasing their wettability and solubility, forming protective colloids, and
increasing the viscosity of the system to slow down the movement and aggregation of the
particles, thus stabilizing the formula [11]. These properties strictly depend on the polymer
molecular weight, cross-linking degree, and chemical substitution [12].

Alongside these numerous undoubted functional advantages, non-biodegradable
acrylic polymers of synthetic origin are frowned upon by public opinion, especially now
that the concern for environmental issues is continuously growing. If we consider that
the European Chemicals Agency (ECHA), is currently considering whether to also include
in the definition of microplastics many non-biodegradable non-solid synthetic polymers
that can be dispersed or emulsified in cosmetic formulas with functional purposes, we
understand the urgency for cosmetic industries to quickly find sustainable alternatives
in a time and money-saving way [13]. Polysaccharides are biodegradable multipurpose
ingredients widely used in green products for their functional characteristics, such as
swelling and hydration. They have been proposed as moisturizing agents, thickeners,
stabilizers, and texturizers in the cosmetic and pharmaceutical fields [14,15]. However,
matching the performances of synthetic polymers, in terms of thickening, adhesive, and
suspending properties, by using polysaccharides can be quite challenging. Synthetic
polymers, in fact, are artificially created to play specific roles in a formulation. On the other
hand, natural polymers must be calibrated and evaluated before being used in cosmetics,
carefully choosing the ones that best fit the formulation design in terms of mechanical
and sensorial properties. If not properly calibrated, in fact, many polysaccharides can
negatively impact on the skin feel of the product, which can be sticky and unpleasant
during application, showing a stringy behavior that has repercussions on consumers’
acceptability [16].

In this context, the priority for manufacturers is to study and characterize, with
time-saving and reproducible tools, these natural raw materials proposed on the market,
evaluating the potentiality of their use as alternatives to synthetic polymers without losing
the stability and applicative aspects. Physico–mechanical characterization of cosmetic
formulas by means of rheological and texture analyses is useful to predict the contribution
of new raw materials to the formulations, and they can be used successfully to help the
cosmetic product design [17–20]. Rheological measurements, performed both in continuous
and oscillatory flow conditions, are used to study the flow behavior and viscoelastic prop-
erties of semi-solid materials, and hence, evaluate the products’ stability properties [21–23].
Texture analysis, commonly used in the food industry, has been introduced in the cosmetic
field to study the mechanical properties of products during pick-up and application, such
as firmness, consistency, adhesiveness, cohesiveness, and stringiness, which are linked to
their usability and sensory characteristics [24–26].

The aim of this work was to evaluate the ability of different classes of natural hy-
drophilic rheological modifiers, used alone and in associations, to keep Perilla frutescens
phytocomplex (PFP), a powder finely dispersed in glycerin, with anti-inflammatory and
repairing activity, in suspension. Perilla frutescens (L.) Britton, also known as Shiso, is a
specie of Perilla that belongs to the Lamiaceae family, commonly used as an aromatic and
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medical plant. Perilla has historical importance in Chinese medicine, as it was recorded as
a drug around 500 A.D. [27]. Some Perilla-based products are widely used to treat seasonal
allergy symptoms and aphthae [28]. The presence of phenolic compounds, flavonoids,
and anthocyanins in Perilla frutescens is amply documented in the scientific literature [29].
Perilla frutescens phytocomplex (PFP), produced by in vitro plant cell culture technology, is
characterized by a high and standardized content of rosmarinic acid and anthocyanins and
can be used as a new cosmetic ingredient with sustainable and safety features related to the
production process, free from pesticides, contaminates and residual solvents, maintaining
the same biological efficacy in all batches.

Starting from those concepts, our scope was to prepare cosmetic base formulas suitable
for the preparation of cosmetic products intended to be applied on the vaginal external mu-
cosa for hygiene, protection, and lenitive functions. The use of mucoadhesive polymers is
common in vaginal semi-solid products with several advantageous features such as barrier
effect, biocompatibility, and prolonged retention of active ingredients in situ [30]. Various
synthetic polymers such as acrylic derivates, poloxamer, poly(vinyl alcohol), and poly(vinyl
pyrrolidone) have conventionally been used for this scope, thanks to their ability to form
strong hydrogen bonds with the mucosal layer [31]. Polysaccharides can also efficiently
influence the mechanism of mucoadhesion; chitosan, alginate, and cellulose derivatives
are the most common polysaccharides used as mucoadhesive ingredients in pharmaceu-
tical and cosmetic products [32]. In this study, we prepared gel and gel-cream formulas
using three different polymer classes: a synthetic polymer (carbomer), natural polysaccha-
rides (xanthan gum, succinoglycan, sclerotium gum, diutan gum, and tamarindus seed
polysaccharide) and a semi-synthetic polymer (C18–C22 hydroxyalkyl hydroxypropyl
guar). Xanthan gum is an extracellular polysaccharide obtained by fermentation of the
bacterium Xanthomonas campestris and consisting of a β-1,4-glycosidic bond-linked main
chain and a trisaccharide side chain of two mannose and glucuronic acid. Noncarbohydrate
substituents include an acetyl group on the inner mannose and a pyruvate group on the
terminal mannose [33]. Succinoglycan is an octasaccharide produced by bacteria belong-
ing to the family Rhizobiaceae (Rhizobium, Agrobacterium), composed of one galactose
residue and seven glucose residues, with acetyl, succinyl, and pyruvyl substituents [34].
Sclerotium gum is a nonionic polysaccharide produced by fermentation of the filamentous
fungus Sclerotium rolfsii and characterized by a linear chain of β-(1,3)-D-glucose with
a single β-(1,6)-D-glucose every third unit [35]. Diutan gum is a natural gum produced
by aerobic fermentation of Sphingomonas, consisting of a tetrasaccharide backbone of
glucose, glucuronic acid, mannose, and rhamnose, and a side chain of two units of rham-
nose [36]. Tamarind seed polysaccharide is a xyloglucan composed of a glucose backbone
with xylose branches that are partially substituted with galactose and is obtained from the
endosperm of the seed of the tamarind tree, Tamarindus indica L.; it was used in this work
for its mucin-like structure to confer mucoadhesive properties to the formulations [37,38].
C18–C22 hydroxyalkyl hydroxypropyl guar is a chemically modified galactomannan with
emulsifying properties, extracted from the seeds of Cyamopsis tetragonoloba, a native
plant of India, consisting of a mannose backbone with side groups of galactoses (ratio of
1:2) branched on the six positions [39].

The first step was to prepare and analyze aqueous dispersions of the selected poly-
mers used individually at increasing concentrations to study their physical–mechanical
properties and their structuring capacity. Then we prepared binary associations of the afore-
mentioned polymers with tamarind seed polysaccharide to confer mucoadhesive properties
to the systems. We then evaluated the suspending capacity of the polysaccharides in the
association and the effect of the insertion of the active PFP on the structure, texture, and
stability properties of the system. In the second phase, the polysaccharides that showed
greater suspending and stabilizing capacity were used in binary and ternary associations
with an oily phase to prepare cream–gel systems. We evaluated the stability of the obtained
systems, focusing on the compatibility between PFP and these polymers. The combined use
of rheological and texture analyses in the cosmetic field is still not widespread and scientific
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articles investigating the texture properties of polysaccharide mixtures are still limited.
We studied the applicative properties of the systems in terms of spreading, viscoelastic,
and adhesive properties by means of rheological and texture analyses, comparing the
performances of the chosen polysaccharides to those of the acrylic polymer.

2. Materials and Methods
2.1. Materials

Perilla frutescens phytocomplex (PFP): ReSILiEMcare CROP®-G (INCI name: Glyceryn,
Perilla frutescens Callus Lysate) supplied by Aethera Biotech s.r.l. (Camisano Vicentino, Italy),
derived from in vitro plant cell cultures of meristematic cells of Perilla frutescens (L.) Britton [40].

To simplify comprehension of the results, the polymers are identified with a letter of the
alphabet. Synthetic rheology modifier: U—Carbopol® Ultrez10 (INCI name: Carbomer) by
Lubrizol (Wickliffe, OH, USA). Natural polymers: R—Rheozan® SH (INCI name: Succinoglycan
gum) by Solvay Novecare (Princeton, NJ, USA); A—Actigum™ CS11 QD (INCI name: Scle-
rotium gum) by Cargill (Wayzata, MN, USA); X—Keltrol® TF (INCI name: Xanthan gum) by CP
Kelco (Atlanta, GA, USA); D—KELCO-CARE™ Diutan gum (INCI name: Sphingomonas Fer-
ment Extract) by Lubrizol; T—Xilogel® HS (INCI name: Tamarindus indica seed polysaccharides)
by Indena (Milan, Italy). Semi-synthetic polymer: E—Esaflor® HM 22 (INCI name: C18–C22
Hydroxyalkyl Hydroxypropyl Guar) by Lamberti (Zanica, BG, Italy).

Emollients: Cetiol® Sensoft (INCI name: Propylheptyl Caprylate) by BASF (Lud-
wigshafen am Rhein, Germany); Dub™ MCT 5545 (INCI name: Caprylic/capric triglyc-
eride) by Stearinerie Dubois (Boulogne-Billancourt, France).

Preservatives: Euxyl™ pe 9010 (INCI name Phenoxyethanol, Ethyhexylglycerin) by
Ashland (Wilmington, DE, USA)

2.2. Perilla Frutescens Phytocomplex Preparation

The stabilized and highly selected cell line specified on the synthesis of rosmarinic
acid and anthocyanins was obtained from dissected young Perilla frutescens leaves sanitized
by means of treatment in sequence with 70% (v/v) ethanol (Honeywell, Wunstorfer Straße
40, D-30926 Seelze, Germany) in water for about 1 min, 2% (v/v) of sodium hypochlorite
solution (6–14% active chlorine), (MERCK KGaA, 64,271 Darmstadt, Germany) and 0.1%
(v/v) Tween 20 (Duchefa, Postbus 809, 2003 RV-Haarlem, The Netherlands) for 2–3 min
and, finally, at least three washes with sterile distilled water. Perilla frutescens cell culture
obtained at the end of the fermentation process in liquid selected cell culture medium
was collected, filtered by 50 µm mesh filter, and the medium cultures were discarded.
Cells were washed with a double volume of saline solution (0.9% w/v NaCl in sterile
water) and added with 1.5% (w/w) of citric acid and then homogenized with ultraturrax
at 15,000 rpm for 20 min. The biomass of homogenized cells was dried using a Mini
Spray Dryer (BUCHI-B290) to obtain a powder of PFP (particle size range between 10 and
100 µm) with the content of total polyphenols expressed as rosmarinic acid equivalent
≥2.3%. The percentage of rosmarinic acid in total polyphenols was 85%. The PFP powder
was suspended in vegetable glyceryn to obtain a standardized product with a content of
total polyphenols expressed as rosmarinic acid equivalent ≥0.1%.

2.3. Samples Preparation

Gel formulations were prepared with different amounts of each rheology modifier,
according to the concentration ranges reported in the technical data sheets: U at 0.25–0.5–
0.75–1% w/w. R at 0.5–0.75–1–1.5% w/w; A at 1–1.25–1.5–2–2.5% w/w; X at 0.5–1–1.5–2%
w/w; D at 0.25–0.5–0.75–1% w/w; T at 2–2.5–3% w/w; and E at 0.5–0.75–1–1.5% w/w. The
rheology modifiers were added to the water under light stirring at room temperature.

Gel formulations with Tamarindus indica polysaccharides and the rheology modifiers
with and without the plant-based active ingredient PFP were prepared, as indicated in
Table 1. Water was weighed and heated at 60 ◦C, then glycerin was mixed with the rheology
modifier and added to the water under light stirring. PFP glycerin suspension was added
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and mixed with a stirrer. The preservative (Phase B) was added to phase A. Once the gel
was cooled down, the pH was measured and adjusted at 5.5 with phase C, if necessary.

Table 1. Reference formula for gel formulations.

Phase Ingredients Composition %

A

Water Add until reaching 100

Glycerin 3

Tamarindus indica seed polysaccharides 0.5

Rheology modifier Varies

PFP 0–3

B Phenoxyethanol, Ethyhexylglycerin 0.9

C Buffering agent Add until reaching pH 5–5.5

The active ingredient was also added in gel–cream formulations according to the
reference formula in Table 2. Water was weighed and glycerin was mixed with the rheology
modifiers and added to the water under light stirring. Phase B was added to phase A by
stirring at 4200 rpm for five minutes by means of Silverson L5T homogenizer until complete
homogeneity. PFP glycerin suspension (phase C) was added and mixed with a stirrer until
well dispersed. The preservative (phase D) was added. Once the emulsion was cooled
down, the pH was measured and adjusted with phase E, if necessary.

Table 2. Reference formula for gel–cream formulations.

Phase Ingredients Composition %

A

Water Add until reaching 100

Glycerin 3

Esaflor HM 22 0.3–0.5–0.7

Tamarindus indica seed polysaccharides 0–0.2

Rheology modifier 0–0.2

B
Propylheptyl Caprylate 2

Caprylic/capric triglyceride 0.5

C PFP 0–3

D Phenoxyethanol, Ethyhexylglycerin 0.9

E Buffering agent Add until reaching pH 5–5.5

A mechanical stress test was performed to check the samples’ stability by using the
centrifuge MPW-56 of MED at 4800 RPM for 30 min.

2.4. Rheological Analyses

The rheological tests were performed with a Rheometer MCR e302 from Anton Paar
(Anton Paar GmbH, Graz, Austria) at a controlled temperature of 23 ◦C ± 0.05 ◦C. Tests
were conducted both in continuous and oscillatory flow conditions using a CP50-1 sensor
consisting in a parallel plate geometry with a fixed gap of 0.1 mm. The viscosity values (η)
and the flow properties were measured with controlled shear rate tests (CSR), at increasing
shear rate ranging from 0.001 to 1000 s−1. The zero-shear viscosity, i.e., the viscosity of
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the material at rest, was calculated by fitting the flow curves with the Carreau−Yasuda
mathematical model applicable to shear-thinning materials [41].

τ = η∞
.
γ +

(η0 − η∞)
.
γ[

1 +
(
λ

.
γ
)2
] 1−n

2
(1)

Amplitude sweep tests (AS) were performed, increasing strain (γ) from 0.01% to 1000%,
at a fixed frequency of 1 Hz, to identify the samples’ linear viscoelastic region (LVER) and
the critical strain (γ G′ = G′′). Frequency sweep tests were performed decreasing frequency
from 10 Hz to 0.01 Hz, at a fixed strain inside the LVER, to analyze the emulsions’ inner
structure and the trend of storage (G′) and loss (G′′) moduli.

2.5. Texture Analyses

An immersion/de-immersion test was conducted at room temperature by means
of a Texture Analyzer TMS-Pro, from Food Technology Corporation (Sterling, VA, USA)
equipped with a 2 cm diameter, nylon, spherical probe, using a load cell of 10N. The
probe moved vertically to a depth of 10 mm at a rate of 80 mm min−1 inside the samples
loaded in 50 mL containers (5.3 cm diameter) and then returned to its start position.
Texture Lab Pro was used to collect the data and elaborate a curve plotted as load (N)
vs. cumulative displacement (mm) (Figure S1). Firmness (N) is the maximum value
of force; consistency (N.mm) is the area under the positive curve; cohesiveness (N) is
the negative peak; adhesiveness (N.mm) is the area under the negative portion of the
curve; stringiness (mm) is the extension of the filament the sample formed during the
de-immersion phase [42,43].

3. Results and Discussion
3.1. Gel Formulations

Before approaching the formulation phase, the characterization of the physical and
mechanical properties of the single raw materials through rheological measurements is
useful to understand the contribution of each polymer to the final product. The mechanical
spectra registered for the water dispersions of the different polymers at increasing concen-
trations are shown in Figure S2. The frequency sweep tests were conducted by choosing a
strain value that falls within the linear viscoelastic region (LVER), in which the trend of
both the elastic G′ and the viscous G′′ moduli does not change irreversibly. The higher the
polymers’ concentrations, the higher the moduli values since stronger intermolecular inter-
actions between the polymeric chains and water molecules are possible. For the polymers U
(carbomer), A (sclerotium gum), D (diutan gum), R (succinoglycan), and X (xanthan gum),
G′ was larger than G′′ throughout the entire range of frequencies investigated, indicating
that the elastic components of the networks formed always dominated over the viscous
components. This structure is optimal to keep an active ingredient in suspension [44]. For
the synthetic polymer. The storage modulus G′ remained constant, while the loss modulus
G′′ showed a slight increase in the frequency, with a characteristic minimum at around
1 rad s−1 (Figure S2a). This behavior indicates that the microgel structure is held by strong
ionic interactions, as reported in previous studies on cross-linked acrylic polymers [45].
The rheological moduli of the polysaccharides were significantly lower than those of the
synthetic polymers and settled between the first and the second decades. They showed
almost parallel moduli dependent on the frequency applied (Figure S2b–e). This behavior
is typical of the so-called weak gels, whose structure is held by physical bonds. The moduli
of polymer D tended to progressively approach as the oscillation frequency decreased,
which could indicate a lower stabilizing capacity over time (Figure S2c). The polymer
R was able to form stiffer and more elastic systems if compared to the other polysaccha-
rides used at the same concentrations (Figure S2d). By increasing the amount of X, there
were only a few variations of the moduli values because the system was saturated at 1.5%
w/w of polymer concentration (Figure S2e). The viscoelastic moduli of the semi-synthetic
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polymer E (C18–C22 hydroxyalkyl hydroxypropyl guar) were significantly dependent on
the frequency (Figure S2f). G′ was predominant at higher frequencies and G′′ modulus
became higher than G′ when low frequencies were applied. By increasing the polymer
concentration, a shift of the cross-over point to lower frequencies was detected, thus in-
dicating an increase in the elastic character of the system. The dispersions of polymer T
(Tamarindus indica seed polysaccharides) showed a liquid-like behavior with G′′ always
dominating over G′ (Figure S2g). As the concentration increased, the elastic components of
the polymer became progressively greater at high frequencies. The rheological response of
these last two polymers E and T is commonly associated with viscous and flowing systems
with marked mucoadhesive properties.

To achieve the purpose of this work and formulate a system with adhesive properties
and stable over time, gels were prepared containing binary associations between a weak gel
polysaccharide, whose rheological profile is the most suitable for maintaining an insoluble
active ingredient in suspension, and tamarind seed polysaccharide (T) with moisturizing
and mucoadhesive properties. A comparison between the rheological curves obtained with
the frequency sweep analyses performed on the monodisperse systems and the binary
association with T at the same total polymer amount is reported in Figure 1. All the gels
analyzed showed a mainly elastic behavior, as the G′ modulus was always greater than the
G′′ modulus in the frequency range considered. However, the partial replacement with
0.5% of T resulted in a modulation of the viscoelastic properties: a significant decrease in
both modules could be observed, indicating a loss of elasticity and the structuring degree
of the system. This reduction was less marked for the gel containing R, which, even in
association with T, maintained its viscoelastic properties (Figure 1d).

To find the correct viscosity to maintain the active ingredient PFP at 3% w/w in
suspension, gel formulations were prepared at a fixed concentration of polymer T (0.5%
w/w) to provide mucoadhesion, with different concentrations of each rheology modifier.
Centrifuge tests at 4500 rpm for 30 min were carried out to evaluate the stability of the
gels, and the results are listed in Table 3. All the gels formulated with the synthetic acrylic
polymer U were homogeneous and stable. Among the natural polymers, the only ones
to allow homogeneous dispersion of the active and guarantee stability to the centrifuge
test were sclerotium gum (A) at 2.5% w/w and succinoglycan (R) at 1% w/w. The gels that
failed the centrifuge test had a precipitate of the powder of the active ingredient PFP.

Frequency sweep analyses were carried out on the gel samples that were stable in the
centrifuge test or showed negligible, slight sedimentation. The analyses were performed,
increasing the oscillation frequency and maintaining the amplitude strain constant at a
strain within the LVE region previously determined by the amplitude sweep analysis. In
Figure 2a comparison between the rheological parameters measured for the samples with
and without the phytocomplex PFP is shown. The complex modulus (G*) and the loss factor
(tanδ) values were taken at a frequency of 1.5 Hz. G* is defined as the ratio between the total
stress and the strain to which the material is subjected at a given frequency and describes
the entire viscoelastic behavior of the sample (Figure 2a). The gels with polymers U and
A were those with the highest G* values, indicating more structured and stiffer systems.
G* significantly decreased when PFP was added to the sample containing the polymer U,
whereas it increased when PFP was added to the samples containing polymer D, R, and
polymer X. Tanδ is a rheological parameter that describes the ratio between the viscous and
the elastic modulus; values of tanδ < 1 correspond to viscoelastic or gel-like behavior. The
lower the tanδ, the greater the influence of the elastic component; the higher the tanδ, the
greater the influence of the viscous component (Figure 2b). The gels formulated with U,
A, and R showed lower values of tanδ, thus indicating more elastic systems, and for this
reason, they were stable in the centrifuge test when the active ingredient was added. Tanδ
slightly increased when PFP was added to the samples containing U, A, and D, whereas it
decreased when PFP was added to the samples containing R and X. The insertion of the
phytocomplex determined both quantitative changes in the gel structure, as evidenced by
the G* values, and qualitative, as shown by the tanδ values.
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Figure 1. The trend of elastic G′ and viscous G′′ moduli in the function of the frequency applied for
samples containing a weak-gel polysaccharide alone and in association with tamarind seed polysac-
charide (T): (a) comparison between the gel containing U at 1% w/w (U1) and the gel containing U at
0.5% w/w with T at 0.5% w/w (U0.5 T0.5); (b) comparison between the gel containing A at 2% w/w
(A2) and the gel containing A at 1.5% w/w with T at 0.5% w/w (A1.5 T0.5); (c) comparison between
the gel containing D at 1% w/w (D1) and the gel containing D at 0.5% w/w with T at 0.5% w/w (D0.5
T0.5); (d) comparison between the gel containing R at 1.5% w/w (R1.5) and the gel containing R at
1.5% w/w with T at 0.5% w/w (R1.5 T0.5); (e) comparison between the gel containing X at 2% w/w
(X2) and the gel containing X at 1.5% w/w with T at 0.5% w/w (X1.5 T0.5).



Polysaccharides 2022, 3 736

Table 3. Summary of the gel formulations and results of centrifuge stability test.

Polymer Polymer % w/w T % w/w PFP % w/w Stability

U

0.25

0.5 3

homogeneous

0.5 homogeneous

0.75 homogeneous

A

1

0.5 3

sedimentation

1.5 sedimentation

2 sedimentation

2.5 homogeneous

D

0.25

0.5 3

sedimentation

0.5 sedimentation

0.75 slight sedimentation

R

0.5

0.5 3

sedimentation

0.75 sedimentation

1 homogeneous

X

1

0.5 3

sedimentation

1.5 sedimentation

2 slight sedimentation
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Figure 2. Comparison between the rheological parameters measured before and after adding 2%
w/w of PFP for the gels U0.25T0.5 prepared with U at 0.25% w/w and T at 0.5%, A2.5T0.5 prepared
with A at 2.5% w/w and T at 0.5% w/w, D0.75T0.5 prepared with D at 0.75% w/w and T at 0.5% w/w,
R1T0.5 prepared with R at 1% w/w and T at 0.5% w/w, X1.5T0.5 prepared with X at 1.5% w/w and T
at 0.5% w/w: (a) complex modulus G* and (b) damping factors tan δ calculated at 1.5 Hz.

This behavior was confirmed with the texture analyses performed on the gel formu-
lations before and after the insertion of PFP in the formulation (Figure 3). The samples
containing the polymers A and U showed the highest values of firmness, whereas the
sample containing the polymer X showed the lowest values (Figure 3a). This texture param-
eter is directly connected with the spreadability of a product: the higher the firmness, the
more difficult the application because higher forces are needed to make the product flow
on the skin. In the presence of PFP, the firmness of the gels with U, A, and D decreased,
whereas it increased for the gels formulated with R. The highest values of adhesiveness
were registered for the samples containing U and R, after the insertion of the plant-based
active in the formula (Figure 3b).
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Figure 3. Comparison between the texture parameters measured before and after adding 2% w/w of
PFP for the gels U0.25T0.5 prepared with U at 0.25% w/w and T at 0.5%, A2.5T0.5 prepared with A at
2.5% w/w and T at 0.5% w/w, D0.75T0.5 prepared with D at 0.75% w/w and T at 0.5% w/w, R1T0.5
prepared with R at 1% w/w and T at 0.5% w/w, X1.5T0.5 prepared with X at 1.5% w/w and T at 0.5%
w/w: (a) firmness and (b) adhesiveness values obtained through an immersion test.

A comparison between the curves obtained with the texture analyses performed on the
gel samples after the insertion of the phytocomplex PFP is reported in Figure 4. The sample
formulated with polymer A showed the highest values of firmness and consistency. The
sample formulated with U showed the highest values of cohesiveness and adhesiveness.
The texture curves of the samples with U and R showed some differences in the negative
part of the curve related to the products’ adhesive and film-forming properties.
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Figure 4. Texture curves obtained from an immersion/de-immersion test performed on the gel
formulations containing 2% w/w of PFP: comparison between the samples U0.25T0.5 prepared with
U at 0.25% w/w and T at 0.5%, A2.5T0.5 prepared with A at 2.5% w/w and T at 0.5% w/w, D0.75T0.5
prepared with D at 0.75% w/w and T at 0.5% w/w, R1T0.5 prepared with R at 1% w/w and T at 0.5%
w/w, X1.5T0.5 prepared with X at 1.5% w/w and T at 0.5% w/w.

For the next steps of this work, the polymers D and X were not used since they did not
confer the rheological and texture properties suitable for keeping the active in suspension,
guaranteeing stability over time and formulating a vaginal gel with mucoadhesive properties.
As assessed by the results obtained, A and R gave the system adequate viscosity and good
adhesive and spreading properties, very close to those of the synthetic acrylic polymer U, and
for this reason, these polysaccharides have been selected for the formulation of gel–cream.

3.2. Gel–Cream Formulations

Since C18–C22 hydroxyalkyl hydroxypropyl guar gum (E) is a synthetically modified
polysaccharide with emulsifying properties, it was used as an emulsifier alone and in
association with other rheological modifiers under study to formulate light gel–creams. The
viscosity of the formulations was assessed by means of controlled shear rate analysis, and
the zero-shear viscosity values (η0) obtained with the Carreau–Yasuda equation are reported
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in Figure 5. Comparing the sample with only E and the samples with the rheological
modifiers, with the same total concentration of polymer (0.7% w/w), it can be seen how T
determined a slight decrease in the viscosity values, while the presence of the weak-gel type
polymers caused an increase in the viscosity values. More precisely, polymer R determined
significantly higher values of zero-shear viscosity than polymer A.
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Figure 5. Comparison between the zero-shear viscosity values measured for the gel–creams E
prepared with E at 0.7%, T E prepared with T at 0.2% w/w and E at 0.5% w/w, A E prepared with A
at 0.2% w/w and E at 0.5% w/w, R E prepared with R at 0.2% w/w and E at 0.5% w/w.

The analyses carried out in oscillatory flow conditions confirmed the greater vis-
cosifying and structuring capacity of the polymers R and A (Figure 6). The gel–cream
formulations R E and A E showed the highest values of G* (Figure 6a) and the lowest
values of tanδ (Figure 6b), indicating that the presence of these polysaccharides increased
the elastic character of the products with respect to the sample prepared using E alone or
the one prepared with T.
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Figure 6. The trend of the rheological curves in the function of the oscillation frequency measured for
the gel–creams E prepared with E at 0.7%, T E prepared with T at 0.2% w/w and E at 0.5% w/w, A E
prepared with A at 0.2% w/w and E at 0.5% w/w, R E prepared with R at 0.2% w/w and E at 0.5%
w/w: (a) complex modulus G* and (b) damping factor tanδ.

The texture analyses performed on gel–cream samples prepared at the same total
polymer amount showed that the formulation with the polymer R reached higher values
of firmness and consistency. Moreover, by observing the final part of the texture curves
reported in Figure 7, it can be seen how the insertion of a rheological modifier determined
a decrease in the stringiness values. For the formulations R E the lowest values of stringi-
ness were registered, thus describing a compact, non-sticky, and elastic formulation in
accordance with the results of the rheological analyses.
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Figure 7. Texture curves obtained from an immersion/de-immersion test performed on the gel–
creams E prepared with E at 0.7%, T E prepared with T at 0.2% w/w and E at 0.5% w/w, A E prepared
with A at 0.2% w/w and E at 0.5% w/w, R E prepared with R at 0.2% w/w and E at 0.5% w/w.

After adding the plant-based active PFP at 3% w/w to the gel–creams formulations,
some structural modifications could be seen (Figure 8). The tanδ values of the formulation
T E were higher than the other gel–creams and became even higher when the active was
added, confirming the liquid-viscous properties of the T polymer (Figure 8a). For the
formulations A E and R E there was no significative variation of tanδ after the insertion
of PFP. However, a slight decrease in the firmness was detected for all the samples in the
presence of PFP, thus, indicating a greater spreadability (Figure 8b). All these samples were
stable during the centrifuge test.
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Figure 8. Texture and rheological parameters measured before and after adding 3% w/w of PFP for the
gel–creams T E prepared with T at 0.2% w/w and E at 0.5% w/w, A E prepared with A at 0.2% w/w and
E at 0.5% w/w, R E prepared with R at 0.2% w/w and E at 0.5% w/w: (a) damping factor tanδ at 1.5 Hz
obtained from the frequency sweep analysis and (b) firmness obtained from the texture analysis.

Keeping the total amount of polymer concentration fixed at 0.7% w/w we prepared
samples by using a ternary mixture of the polysaccharides in order to obtain the best fit
in terms of stability of the product, sensorial and mucoadhesive properties. E (C18–C22
hydroxyalkyl hydroxypropyl guar gum) is the emulsifier polymer that allows creating the
product’s structure, T (tamarind seed polysaccharide) is the polymer that can guarantee
mucoadhesion, while A (sclerotium gum) or R (succinoglycan gum) are two polymers
that can optimize the stability of the product conferring elasticity to the bulk structure.
In Figure 9, the complex G* modulus and the damping factor tanδ values in function of
the oscillation frequency of samples prepared with TA E association (Figure 9a) and TR E
association (Figure 9b) are reported in comparison with the binary systems. While the TA E
system appeared very similar to the T E binary sample, the ternary sample TR E seemed
to be the one with the best structural elastic properties, with intermediate viscoelasticity
values between the binary gel–creams.
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Figure 9. The trend of the complex G* modulus and the damping factor tanδ in the function of the
oscillation frequency for the gel–creams prepared with ternary polysaccharides associations: (a) sample
TA E prepared with T at 0.2% w/w, A at 0.2% w/w and E at 0.3% w/w, sample T E prepared with T at
0.2% w/w and E at 0.5% w/w, sample A E prepared with A at 0.2% w/w and E at 0.5% w/w; (b) sample
TR E prepared with T at 0.2% w/w, R at 0.2% w/w and E at 0.3% w/w, sample T E prepared with T at
0.2% w/w and E at 0.5% w/w, sample R E prepared with R at 0.2% w/w and E at 0.5% w/w.

Figure 10 compares the flow curves obtained with a controlled shear rate test and
the texture curves obtained with an immersion/de-immersion test performed on the
gel–creams prepared with ternary polysaccharidic associations are reported. Both the
samples showed a pseudoplastic behavior as viscosity progressively decreased under
shear application (Figure 10a). TR E sample reached higher values of viscosity than TA E
sample: the zero-shear viscosity values calculated with the Carreau–Yasuda equation in
the so-called Newtonian plateau region where the viscosity remained almost constant were
228.264 Pa·s for TR E and 23.065 Pa·s for TA E. The values of firmness, corresponding to the
positive load peak measured with the texture analysis, were greater for the TR E association
(0.102 N) than for the TA E association (0.087 N), demonstrating the greater structuring
power of the R polymer (Figure 10b). TR E also showed higher values of adhesiveness
and cohesiveness than TA E. The values of stringiness, on the other hand, did not show
significant differences.
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Figure 10. Rheological and texture curves obtained for the gel–creams samples TA E prepared with T
at 0.2% w/w, A at 0.2% w/w and E at 0.3% w/w and TR E prepared with T at 0.2% w/w, R at 0.2%
w/w and E at 0.3% w/w: (a) viscosity curves (exp) as a function of the shear rate fitted with the
Carreau−Yasuda model (calc); (b) texture curves obtained with an immersion test.
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In all the ternary systems, the presence of PFP glycerin suspension did not significantly
change the characteristics of the inner structure (Figure 11). The G* values and the tanδ
values measured with the frequency sweep rheological tests performed on the associations
of TA E (Figure 11a) and TR E (Figure 11b) did not show a significative difference when
adding the active phytocomplex PFP. These gel–cream formulations were also stable to
the centrifuge test, indicating that these associations of polysaccharides are suitable for
keeping the active in suspension.
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Figure 11. The trend of the complex G* modulus and the damping factor tanδ in the function of the
oscillation frequency for the gel–creams before and after adding 3% w/w of PFP: (a) TA E prepared
with T at 0.2% w/w, A at 0.2% w/w and E at 0.3% w/w and (b) TR E prepared with T at 0.2% w/w, R
at 0.2% w/w and E at 0.3% w/w.

The influence of the active ingredient on the texture properties of the polysaccharidic
associations was investigated (Figure 12). The insertion of the active ingredient PFP did not
affect the firmness of the samples (Figure 12a); however, a marked decrease in adhesiveness
was registered (Figure 12b).
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Figure 12. Texture parameters measured before and after adding 3% w/w of PFP for the gel–creams
TA E prepared with T at 0.2% w/w, A at 0.2% w/w, and E at 0.3% w/w and TR E prepared with T at
0.2% w/w, R at 0.2% w/w and E at 0.3% w/w: (a) firmness and (b) adhesiveness.

4. Conclusions

In this work, we studied the compatibility of the active ingredient PFP, presented
as a powder finely dispersed in glycerin, with different classes of rheological modifiers
to formulate an intimate cosmetic gel. We prepared gel and gel–cream formulations
evaluating the possibility of using naturally-derived polymers as alternative suspending
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agents to synthetic acrylic polymers. Through the centrifuge stability test, we evaluated the
stability of the polysaccharidic systems before and after the insertion of PFP. Rheological
analyses showed that in a more liquid-like structure, the contribution given to the system
by PFP was stronger in structural terms, while in gels with weak-gel characteristics, the
contribution given by PFP was hardly perceptible. Moduli values between 10 and 1000 Pa,
typical of a weak-gel structure, resulted in being optimal to keep the active in suspension.
Succinoglycan gum and sclerotium gum proved to be the most suitable natural polymers
for the formulation of gels with this type of active ingredient, giving a contribution to the
elastic component of the system by increasing its stability. The presence of tamarind seed
polysaccharides, a polymer with moisturizing and mucoadhesive properties, gave the gel
and gel-cream formulations a contribution to the viscous component. Ternary associations
of polymers, in which there was a correct balance between elastic and viscous modulus,
seemed to be the most suitable for obtaining products with the required characteristics of
texture and stability, and maintaining PFP in suspension. The association between tamarind
seed polysaccharides, sclerotium gum, and the hydroxypropyl guar gum derivative was the
one with the best structural properties in which the active ingredient did not significantly
change the characteristics of the structure and was stable in the formulation.

The combined use of rheology and texture analysis has proved to be a useful protocol
during the research and development phase to characterize the applicative properties of
cosmetic formulas, evaluating the influence of the vehicle composition and the replacement
of raw materials on spreading properties and adhesive characteristics. These two com-
plementary techniques could provide scientific support for cosmetic industries to easily
formulate cosmetic products in a green and sustainable perspective without losing the
applicative performances impaired by conventional synthetic ingredients. The replacement
of non-biodegradable and high environmental impact ingredients is a priority for cosmetic
industries and must be done in a truly brief time. An instrumental protocol is needed that
easily allows to objectively measure cosmetic products’ applicative and sensory properties,
rationalizing the choice of raw materials and avoiding stability tests and sensory panel
tests that take a long time to be carried out.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/polysaccharides3040042/s1. Figure S1: texture curve obtained
with an immersion/de-immersion test, performed with a texture analyzer, and the definitions of
the calculated parameters. Figure S2: mechanical spectra obtained with a frequency sweep analysis
performed on the gels formulated with increasing concentrations of the selected polysaccharides
(a) carbomer, (b) sclerotium gum, (c) diutan gum, (d) succinoglucan, (e) xanthan gum, (f) C18–C22
hydroxyalkyl hydroxypropyl guar, and (g) tamarind seed polysaccharide.
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