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Abstract: During recent years, microwave irradiation has been extensively used for
performing green organic synthesis. The aim of this study was to synthesize, through a
microwave-assisted irradiation process, a natural surfactant with O/W emulsifying
properties. Our attention was focused on polyglycerol esters of fatty acids that are
biocompatible and biodegradable non-ionic surfactants widely used in food and cosmetic
products. The emulsifier was obtained using vegetable raw material from renewable
sources: polyglycerol derived from vegetable glycerol and rice bran oil fatty acids. The
natural emulsifier obtained was then characterized and evaluated for its emulsifying
properties using different doses, oil phases, rheological additives, waxes, etc. The potential
application in solar products, in comparison with other natural emulsifiers, was also evaluated.

Keywords: natural surfactants; rice bran oil; polyglycerol esters; microwave irradiation




Cosmetics 2015, 2 323

1. Introduction

Recently, both the cosmetics market and research are moving towards natural cosmetics and organic
products, in order to obtain more effective and dermo-safe products according to the demands of an
increasing amount of legislation [1].

The tendency of consumers to prefer natural products has oriented the scientific research in the
cosmetic sector towards the study and realization of organic or natural cosmetics.

A cosmetic product can be considered natural only when it is made from natural raw materials.
Natural raw materials mean those natural substances extracted from plants, animals, or minerals by
physical means only, without any chemical changes having taken place.

It has been known that the surface-active agents have a negative environmental impact, therefore
the biodegradability and biocompatibility have become very important and fundamental requirements,
almost as much as the functionality [2-5]. The increased concern towards the environment has
determined, for the surfactants, a greater interest to those of natural origin [6—8]. A natural surfactant,
strictly speaking, is a compound derived directly from a natural source, of animal or vegetable origin,
obtained by extraction, precipitation, and distillation [3,8].

There are not many surfactants in use that meet these criteria; the main reason why they are so few
is not for a lack of availability (on the contrary, amphiphilic compounds are abundant in the animal
domain and in vegetables), but for the expensive processes required for their production [8].

Biotechnological processes could solve this problem. Yeast and bacteria can be efficient producers
of surfactants. Thus with the processes of fermentation we can get the “biosurfactants”, also known as
“green surfactants”, obtained by microorganisms or extracted from biomass, or obtained from these
after biotransformation [9]. Biosurfactants are structurally diverse, depending on the microorganism
from which they derived, the substrates employed in the bioprocess, and the fermentation conditions.
They are generally classified into acylpolyols [10], glycolipids [11], and lipopeptides [12].

However, surfactants synthesized from natural sources are considered ‘“natural”, such as alkyl
polyglycosides, sugar fatty acid esters, amino acid-based surfactants, and polyglycerol esters of fatty
acids [3,13-16]. Chemical processes such as amidation, etherification, and esterification are allowed in
the Cosmos-standard certification of natural ingredients [17].

Polyglycerol esters of fatty acids are biocompatible and biodegradable non-ionic surfactants widely
used in foods, cosmetics, and other industrial products. Depending on their hydrophilic/lipophilic
balance (HLB), polyglycerol esters can act as W/O or O/W emulsifiers. The possibility of obtaining
emulsifiers with the desired HLB depends on the appropriate selection of the fatty acid and
polyglycerol, their ratio, and producing conditions [16,18].

The aim of this work was to synthesize, through a process of green chemistry, a polyglycerol ester
with O/W emulsifying properties. The synthesis was carried out by microwave irradiation without
using either chemical reagents and/or even organic solvents.

During recent years, microwave irradiation has been extensively used for carrying out chemical
reactions and has been a useful non-conventional energy source for performing organic synthesis [19-21].
The effect of microwave irradiation in chemical reactions is a combination of the thermal effect (i.e.,
overheating, hot spots, selective heating) and non-thermal effects of the highly polarizing field, in addition
to effects on the mobility and diffusion that may increase the probabilities of effective contacts [20].
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The microwave technology shows many advantages: rapid reactions, high purity of products,
improved yields, simplified and improved synthetic procedure, wider usable range of temperature,
higher energy efficiency, low environmental impact, possibility of not using “classic catalyst”, and
opportunity to use water as a solvent [20,21].

The emulsifier was obtained using raw materials of vegetable origins from renewable sources:
polygycerol produced from glycerol of vegetable origins and rice bran oil fatty acids. Rice bran oil has
been chosen for its emollient, moisturizing, and smoothing properties on the skin [22,23]. It contains
mainly oleic acid (38.4%), linoleic acid (34.4%), and a-linolenic acid (2.2%) as unsaturated fatty
acids, and palmitic (21.5%) and stearic (2.9%) acids as saturated fatty acids. In contrast to most
common refined vegetable oils, crude rice bran oil contains a rich unsaponifiable fraction (up to 5%)
mainly composed of sterols (43%), triterpene alcohols (28%), 4-methyl sterols (10%), and less polar
components (19%) [24,25]. Phytosterols include B-sitosterol, campesterol, stigmasterol, squalene, and
y-oryzanol [25-27]. Rice bran oil contains a little variable quantity of tocotrienols (especially B and ),
but it is naturally very rich in tocopherol [26]. Cosmetic industries use rice bran oil in sunscreen
formulations, anti-aging and skin-lightening products, and in treatments for skin diseases [28,29].

The natural emulsifier obtained was then evaluated for its emulsifying properties by varying the
percentage of use, the nature of the oil phase, the type of the rheological additive, and wax and
consistency factors. The potential application in solar products was also evaluated.

2. Experimental Section
2.1. Materials

Materials were obtained from commercial suppliers and used as received. The following were used to
synthesize the surfactant: Polyglycerol-3 (Spiga Nord S.p.A., Genova, Italy); Arginine (Sigma-Aldrich,
Milan, Italy); Rice Bran Fatty Acids (Tsuno Rice Fine Chemical, Wakayama, Japan).

To prepare emulsions we used: Emulsifiers: Cetearyl alcohol, Cetearyl Glucoside (Montanov 68,
Seppic, Milan, Italy); Cetearyl Olivate, Sorbitan Olivate (Olivem 1000, HallStar, Arcore, Italy);
Glyceryl Stearate Citrate (Imvitor 372P, Sasol, GmbH, Witten, Germany). Oils: Cetearyl Isononanoate
(Cetiol SN, Cognis, Monheim, Germany); Simmondsia Chinensis Oil (Jojoba Oil, Biochim S.R.L.,
Milan, Italy); Persea Gratissima Oil (Avocado Oil, Balestrini G. S.R.L., Milan, Italy); Olea Europaea
(Olive) Fruit Oil (Olive Oil, Res Pharma S.R.L., Milan, Italy); Oryza Sativa Bran Oil (Rice Bran Oil,
Pharmacosm Polli, Milan Italy); Ci2-15 Alkyl Benzoate (Cosmacol EBI, Sasol, GmbH), Ci2-13 Alkyl
Tartrate (Cosmacol ETI, Sasol, GmbH); Caprylic/Capric Triglyceride (Myritol 318, Cognis); Dicaprylyl
ether (Cetiol OE, Cognis); Octyldodecanol (Eutanol G, Cognis); Paraffinum liquidum (Mineral oil,
Galeno, Prato, Italy); Olea Europaea Oil Unsaponifiables (Pantrofina OLV, Res Pharma S.R.L.).
Rheological additives: Carbomer (Carbopol Ultrez 10, Noveon Italia, Milan, Italy); Acrylates/Cio-30
Alkyl Acrylate Crosspolymer (Carbopol ETD 2020, Noveon Italia); Sodium Polyacrylate (Cosmedia SP,
Cognis); Xanthan Gum (Keltrol T, CPKelco, GmbH, Witten, Germany); Dehydroxanthan Gum
(Amaze XT, AkzoNobel, Sempach Station, Neuenkirch, Switzerland); Hydroxyethylcellulose
(Natrosol 250M, Eigenmann & Veronelli, Rho, Milan, Italy); Hydroxypropyl Guar (Jaguar HP105,
Rhodia Italia SPA, Bollate, Italy); Magnesium Aluminum Silicate (Veegum Ultra, Vanderbilt R.T.,
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Norwalk, CT, USA); Hydroxypropyl Starch Phosphate (Structure XL, AkzoNobel). Factors of
consistency and waxes: Cetearyl Alcohol (Lanette O, Cognis); Glyceryl Stearate (Cutina GMS,
Cognis); Olea Europea Extract (Wax-Olea, Sinerga S.P.A., Varese, Italy); Prunus Armeniaca Kernel
Extract (Albiwax, Sinerga S.P.A.); Triticum Vulgare Germ Extract (Granowax, Sinerga S.P.A.).
UV filters: Ethylhexyl Methoxycinnamate (Parsol MCX, DSM, Basel, Switzerland); Butyl
Methoxydibenzoylmethane (Parsol 1789, DSM). Preservatives and other materials: Phenoxyethanol,
Methyl Paraben, Propyl Paraben, Ethyl Paraben, Butyl Paraben (Fenossiparaben, Sinerga S.P.A.);
Sodium Benzoate (Sodium Benzoate, Pentagon Fine Chemicals Ltd., Widnes, UK); Potassium Sorbate
(Potassium Sorbate, Tri-K Industries, Danville, NH, USA); Methylchloro Isothiazolinone, Methyl
Isothiazolinone (Kathon CG, Dow Italia s.r.l., Milan, Italy); Imidazolidinyl urea (Gram 1, Sinerga
S.P.A.); Disodium EDTA (Edeta BD, Basf Italia, Cesano Maderno, Italy); Glycerin (Glicerina, Akzo
Nobel GMBH, Emmerich, Germany), Dimethicone (SF 18-350, GE Bayer Silicones, Erkrath,
Germany); Aminomethyl propanol (AMP Ultra PC 1000, Azelis Italia S.r.l., Milan, Italy).

2.2. Methods
2.2.1. Synthesis of Polyglycerol Rice Bran Fatty Acid Esters

The fatty acids (2 g) and polyglyceryl-3 (1:1 molar ratio) were heated in a pressure tube at 160 °C
under microwave irradiation for 6 h and magnetic stirring. Microwave irradiation was carried out using
a monomode reactor (Discover from CEM). The internal temperature was monitored through an
internal IR sensor and the maximum internal pressure monitored and maintained under the value of 1 bar.
Then the reaction mixture was cooled to room temperature. The product was recovered and used without
further purification. Arginine (about 1%) was added to neutralize the unreacted acids that may be present.

2.2.2. Characterization of Polyglycerol Rice Bran Fatty Acid Esters

'"H NMR data were acquired at room temperature on a Bruker AC 200 and a Bruker Avance
(Bruker Instruments Inc., Billerica, MA, USA) operating at 200 and 400 MHz, respectively. The
spectra were recorded in CDCIl3, chemical shifts (8) are expressed in part per million with reference to
tetramethylsilane (TMS) used as internal standard. The assignment of the relative chemical shifts () is
shown below:

'H-NMR &: 0.75 (m, CHs); 1.12-1.17 (bp, (CH2)r); 1.33 (m, CHCH.COOH); 1.47 (bp,
CH>CH2COOH); 1.88 (bm, CH>-CH=CH-CH>); 2.15 (m, -CH2COOH); 2.63 (m, CH=CHCH>—CH=CH);
2.73 (m, CH=CH-CHx—CH=CH); 3.3-3.65 and 3.9-4.2 (polyglycerol-3); 4.75 (m, CH=CH);
5.08-5.18 (m, CH=CH).

Infrared data were acquired with a Thermo FITR spectrometer Nicolet 5700 (Thermo Electron Corp.,
Madison, WI, USA) equipped with ATR (Attenuated Total Reflectance) accessory with an Internal
Reflection Element of Ge and with MCT (Mercurium Cadmium Telluride) detector. The spectra were
recorded accumulating 128 scans at a resolution of 2 cm ™.

Infrared radiation (IR) cm™': 2967-2945 C—H Aliphatic Stretch; 3400 O-H Stretch; 1737 C=0
Stretching frequency of ester; 1463 CHz Stretch; 1376 CH2 Stretch.
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2.2.3. Emulsifier—Xanthan Gum Interaction

This study was performed by 'H-NMR analysis. The solutions of the emulsifier (5 mg/mL),
Xanthan gum (5 mg/mL) and mixture emulsifier:xanthan gum (5 mg:0.5 mg in 1 mL) were prepared
using DMSO-ds as solvent. The '"H-NMR spectra were recorded at room temperature on a Bruker
Avance operating at 400 MHz.

2.2.4. Emulsions Preparation

The emulsions were prepared using a Silverson SL mixer (Silverson Machines Inc., East
Longmeadow, MA, USA) and a Kirk 510 stirring paddle. The most suitable percentage for use and the
influence of the amount and the type of lipophilic phase on the stability and viscosity were tested in
O/W emulsions for which compositions are given in Tables 1-3.

Table 1. Composition of O/W basic emulsions containing a different percentage of emulsifier.

Yowlw
Phase No Ingredients INCI Name
El E2 E3
1 Emulsifier Polyglycerol rice bran fatty acids esters 2.50 5.00 7.50
2 Cetiol SN Cetearyl Isononanoate 14.00
A 3 SF 18-350 Dimethicone 1.00
. Phenoxyethanol, Methylparaben, Ethylparaben,
4 Fenossiparaben 0.50
Propylparaben, Butylparaben
B 5 Water Aqua gs 100.00
6 Glyceryn Glyceryn 4.00
7 Sodium Benzoate Sodium Benzoate 0.30
C 8 Potassium Benzoate Potassium Benzoate 0.30
9 Edeta BD Disodium EDTA 0.15

Table 2. Composition of O/W basic emulsions containing a different percentage of oil phase.

Yow/w
Phase No Ingredients INCI Name
E4 ES5 E6 E7
1 Emulsifier Polyglycerol rice bran fatty acids esters 5.00
2 Cetiol SN Cetearyl Isononanoate 9.00 19.00  24.00  29.00
A 3 SF 18-350 Dimethicone 1.00
Phenoxyethanol, Methylparaben,
4 Fenossiparaben Ethylparaben, Propylparaben, 0.50
Butylparaben
B 5 Water Aqua gs 100.00
6 Glyceryn Glyceryn 4.00
7 Sodium Benzoate Sodium Benzoate 0.30
C 8 Potassium Benzoate Potassium Benzoate 0.30
9 Edeta BD Disodium EDTA 0.15
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Table 3. Composition of O/W basic emulsions containing oils with different polarity.

Yow/w
Phase No Ingredients INCI Name
E8(a-h)
! Emulsifier Polyglycerol rice bran fatty acids 5.00
esters
Mineral Oil Paraffinum Liquidum
Pantrofina OLV Olea Europaca Oil Unsaponifiables
Cetiol OE Dicaprylyl Ether
Avocade Oil Persea Gratissima Oil
2 Olive Oil Olea Europea Fruit Oil 14.00
A Rice Bran Oil Oryza Sativa Bran Oil
Myritol 318 Caprylic/Capric Triglyceride
Jojoba Oil Simmondsia Chinensis Oil
Eutanol G Octyldodecanol
3 SF 18-350 Dimethicone 1.00
Phenoxyethanol, Methylparaben,
4 Fenossiparaben Ethylparaben, Propylparaben, 0.50
Butylparaben
B 5 Water Aqua gs 100.00
6 Glyceryn Glyceryn 4.00
7 Sodium Benzoate Sodium Benzoate 0.30
C 8 Potassium Benzoate Potassium Benzoate 0.30
9 Edeta BD Disodium EDTA 0.15

The influence of the rheological additive on the stability and viscosity was tested on O/W emulsions

for which compositions are given in Table 4.

Table 4. Composition of O/W basic emulsions containing different rheological additives.

Phase No Ingredients INCI Name owiw
E9(a—i)
1 Emulsifier Polyglycerol rice bran fatty acids esters 5.00
2 Cetiol SN Cetearyl Isononanoate 5.00
3 Myritol 318 Caprylic/Capric Triglyceride 5.00
A 4 Cetiol OE Dicaprylyl Ether 4.00
5 SF 18-350 Dimethicone 1.00
Phenoxyethanol, Methylparaben,
6 Fenossiparaben Ethylparaben, Propylparaben, 0.50
Butylparaben
7 Water Aqua gs 100.00
Carbopol Ultrez 10 Carbomer
Carbopol ETD 2020 Acrylates/C10-30 Alkyl Acrylate
B Crosspolymer
8 Cosmedia SP Sodium Polyacrylate 0.10-1.00 *
Keltrol T Xanthan Gum
Amaze XT Dehydroxanthan Gum
Natrosol 250M Hydroxyethylcellulose
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Table 4. Cont.

Yow/w
Phase No Ingredients INCI Name
E9(a—i)
Structure XL Hydroxypropylstarch Phosphate
8 Jaguar HP 105 Hydroxypropyl Guar 0.10-1.00 *
B Veegum Ultra Magnesium Aluminum Silicate
9 Glycerin Glycerin 4.00
10 AMP Ultra PC 1000 Aminomethyl propanol 0.06-0.12
11 Sodium Benzoate Sodium Benzoate 0.3
C 12 Potassium Benzoate Potassium Benzoate 0.3
13 Edeta BD Disodium EDTA 0.15

* E9al: 0.10%; E9a2: 0.15%; E9a3: 0.20%; E9b1: 0.10%; E9b2: 0.15%; E9c: 0.50%; E9d1: 0.30; E9d2: 0.50;
E9el: 0.30%; E9e2: 0.50%; E9f: 0.50%; E9¢g1: 0.50%; E9g2: 1.00%; E9h: 0.50%; E9il: 0.50%; E9i2: 1.00%.

In Table 5, we report the compositions of the emulsions prepared to evaluate the influence of

vegetable wax and consistency factors on the stability and viscosity.

Table 5. Compositions of O/W basic emulsions containing vegetable wax and consistency factors.

Yowlw
Phase No Ingredients INCI Name .
E9 E10 E11 E12 E13 El4 EIl5
Polyglycerol rice bran
1 Emulsifier yEeer 5.00
fatty acids esters
2 Cetiol SN Cetearyl Isononanoate 5.00
Caprylic/Capric
3 Myritol 318 pytiert-ap 5.00
Triglyceride
4 Cetiol OE Dicaprylyl Ether 4.00
5 Cutina GMS Glyceryl Stearate - 1.00 - 1.00 — - -
Lanette O Cetearyl Alcohol - — 1.00  1.00 - - -
A Wax-Olea Olea Europea Extract - — - - 1.50 - -
6 Albiwax Prunus Armeniaca Extract - - - - - 1.50 -
Triticum Vulgare Germ
Granowax - - - - - - 1.50
Extract
7 SF 18-350 Dimethicone 1.00
Phenoxyethanol,
Methylparaben,
8 Fenossiparaben Ethylparaben, 0.50
Propylparaben,
Butylparaben
B 9 Water Aqua gs 100.00
10 Glycerin Glycerin 4.00
Sodium )
11 Sodium Benzoate 0.30
Benzoate
C Potassium .
12 Potassium Benzoate 0.30
Benzoate
13 Edeta BD Disodium EDTA 0.15
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In Table 6, we report the compositions of the solar emulsions (UVB and UVA) prepared to evaluate
the influence of different emulsifiers on Sun Protection Factor (SPF) values.

Table 6. Compositions of O/W emulsions containing UVB (E16a—d) and UVA (E17a—d)
filters prepared with different emulsifiers.

Yowlw
Phase No Ingredients INCI Name
El6a—d E17a—d
(a) Emulsifier Polyglycerol rice bran fatty acids esters
{ (b) Olivem 1000 Cetearyl Olivate, Sorbitan Olivate 6.00
(c) Montanov 68 Cetearyl alcohol, Cetearyl Glucoside
(d) Imvitor 372P Glyceryl Stearate Citrate
2 Parsol MCX Ethylhexyl Methoxycinnamate 6.50 -
A 3 Parsol 1789 Butyl Methoxydibenzoylmethane - 3.50
4 Cutina GMS Glyceryl Stearate 3.00 3.00
5 Lanette O Cetearyl Alcohol 1.00 1.00
6 Cosmacol EBI Ci2-15 Alkyl Benzoate 6.75 8.25
7 Cosmacol ETI Ci2-13 Alkyl Tartrate 6.75 8.25
8 SF 18-350 Dimethicone 1.00 1.00
B 9 Water Aqua gs 100.00
10 Glycerin Glycerin 4.00

Methylchloro Isothiazolinone,
11 Kathon CG . . 0.05
Methyl Isothiazolinone
12 Gram 1 Imidazolidinyl urea 0.30

13 Edeta BD Disodium EDTA 0.15

General procedure: mix ingredients of phase A and heat to 65 °C; heat water to 70 °C and disperse
rheological additive using a turbo-emulsifier to obtain a homogeneous system; then add glycerin. Add
A to B while stirring and homogenize; then neutralize with Aminomethyl propanol when Carbomer
and Acrylates/Cio30 Alkyl Acrylate Crosspolymere were used, and homogenize again. Let the
emulsion cool under stirring, then at 40 °C add phase C dispersed in water (10 mL).

Evaluation of Emulsions

All preparations were evaluated by measuring the pH at 25 °C (10% in water) using an Orma
pHmeter and the viscosity at 0.5 and 1 rpm at 25 °C using a Brookfield DV-II rotational viscosimeter.
Emulsion stability was evaluated using the following accelerated aging processes at some time during
3 months: (a) storage at 4, 25, and 40 °C; (b) storage at hot/cold cycle (440 °C, two cycles per 24 h);
(c) centrifugation at 3000 rpm at room temperature. The physical parameters were measured on fresh
and stored emulsions in triple.

The structure of the emulsion was investigated with an optical microscope (Axio Vert.Al Inverted
Microscope, Carl Zeiss Microscopy GmbH, Gottingen, Germany) connected with a camera (AxioCam
ERcSs, Carl Zeiss Microlmaging GmbH, Jena, Germany) and picture analysis software. The prepared
emulsion was placed on the microscope slide. A cover slip was placed on the sample. No air, or bubbles,
were trapped between the sample and cover slip, and the samples were tested with a 40x objective.
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2.2.5. Sun Protection Factor Evaluation

The protective efficacy of the solar emulsions (UVB and UVA) was examined by measuring the
in vitro Sun Protection Factor (SPF) [30,31] using a Labsphere spectrophotometer (UV-1000S
Ultraviolet Transmittance Analyzer, Labsphere Inc., North Sutton, NH, USA), a quality control tool
designed specifically for this purpose. According to the COSMETICS EUROPE protocol [32],
2 mg/cm? of the emulsion were spread on Transpore™ tape and the SPF was measured after 15 min,
according to the Diffey and Robson equation reported below, where 73 is the sunscreen transmittance
at wavelength A, Eu is the spectral irradiance of “standard sun” corresponding to the COLIPA “SPF
method” (sunlight expected for a clear sky at noon in midsummer for a latitude of 40°N and solar
altitude 70°), and B is the erythema action spectrum adopted by the International Commission on
[llumination (CIE) [33]. The UV-1000S calculates the SPF of the sunscreen sample by measuring the
spectral transmittance of UV radiation (290-400 nm) through the Transpore™ substrate before and
after application of the sunscreen product. The term transmittance refers to the percentage of the
radiant flux transmitted through the sample, relative to the incident flux. Five measurements were
made for each sample and the mean standard deviations were calculated.

400nm
> E,B,AL
SPF — _290nm

400nm
> E,B,T,A\

290nm

2.2.6. Photostability Test

The photostability of the solar emulsions were evaluated through the determination of SPF values
before and after irradiation. Samples were exposed to the solar simulator equipped with a xenon lamp
(Universal Arc Lamp Housing model 66000 and Arc Lamp Power Supply model 68805, LOT ORIEL
Italia, Milan, Italy). Before each measurement the xenon arc lamp was calibrated with a radiometer
(Goldilux Smart Meter model 70234, LOT ORIEL Italia, Milan, Italy) equipped with a UVB and UVA
probes. Samples were placed 40 cm from the lamp, irradiated with 600 mJ/cm?, equivalent to 20 MED
(Minimal Erythemal Dose: 1 MED = 25 mlJ/cm? for skin phototype II) [34], and air-cooled
during irradiation.

2.2.7. Statistical Analysis

Findings were compared by analysis of variance (ANOVA). p < 0.05 was considered
statistically significant.

3. Results and Discussion

A natural surfactant with O/W emulsifying properties was synthesized through a
microwave-assisted irradiation process. The reaction was carried out using natural raw materials such
as polyglycerol-3 and rice bran oil fatty acids. The synthesis does not involve ethylene oxide and
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performs without using either a chemical reagent or even an organic solvent. The reaction scheme and
the structure of the polyglycerol esters are represented in Figure 1.

R oH OH OH OH OH
\ﬂ/ + OH\/Q\/O\))\/OH LW» RTO\Q\/O\QA\/OH
(@]

Rice bran fatty acids Polyglycerol-3 Polyglycerol rice bran fatty acid esters
R = CysH3y; Ci7Hzs; Cy7H33; Ci7Hz

Figure 1. Reaction scheme and structure of the polyglycerol esters synthesized by
microwave-assisted irradiation process.

The product does not require purification but only the neutralization of unreacted fatty acids. For
this purpose the amino acid arginine was chosen. The product was characterized by 'H-NMR and IR
analyses. The NMR data show the presence of the signals of the protons of fatty acids and
polyglycerol. In particular, the signals at 6 = 0.75-2.73 for the protons bonded to saturated carbons and
the signals at & = 4.75-5.18 for the protons bonded to unsaturated carbons. The signals at 6 = 3.3-3.65
(corresponding to CH and CHa2 protons) and at 6 = 3.9—4.2 (corresponding to OH protons) are due to
the polyglycerol moiety.

The emulsifier is hydrodispersible: it can form liquid crystal lamellar structures without the help of
other co-emulsifiers, regardless of the chemical structure and polarity of the substances present in the
internal phase of the emulsion. Under a microscope with polarized light their liquid crystal structure is

quiet clear, as the following photograph, taken at X250, demonstrates (Figure 2).

Figure 2. Liquid crystal structure observed under a polarizing microscope.

This feature is interesting because the liquid crystal system could enhance the stability and
moisturizing ability of the emulsion [35-38].

The emulsifying properties were evaluated through the preparation of a series of O/W emulsions.

For this purpose, we designed experimental emulsions containing a few essential ingredients. The
compatibility between the emulsifier with various ingredients (oils, rheological additives, consistency
factors) was investigated. The emulsions were added with a preservative system that, according to our
experience, was suitable for the storage of the preparation during the time necessary for the
stability assessment.
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The study began with the preparation of emulsions containing three different concentrations of
emulsifier (Table 1): 2.5%, 5%, and 7.5%, with the same kind and amount of oil phase (14%),
choosing a medium polar oil such as Cetearyl isononanoate, and without the use of any rheological
additive, to detect the minimum concentration of emulsifier necessary for the stability of the system.

The best stable emulsion was obtained with 5% minimum of emulsifier (E2), while those with 2.5%
(E1) have not passed the test of stability. Emulsion E1 did not pass the test in the centrifuge and was
separated after two weeks of storage at 40 °C and after three weeks of storage at hot/cold cycle.
Emulsion viscosity increased with the emulsifier concentration (Figure 3).

16

14
7 12
& E1: 1.600.01
£ 10 -
< E2: 11.00£0.01
Z 8 E3: 15.00%0.01
S 6
2
S

2

0 -

2.5 5.0 7.5
Emulsifier (%)

Figure 3. Viscosity of O/W basic emulsions (E1-E3) containing a different percentage of emulsifier.

Therefore, the results show that the emulsifier can be used in a range of 2.5%—7.5%. The more
suitable dose is 5%. The emulsion prepared with the lowest dose requires, for the stabilization, a
rheological additive, as will be shown later.

In a second step, the percentage of internal phase volume was varied and stability was investigated.
Keeping constant the concentration of emulsifier (5%) and the nature of the oil phase (Cetearyl
isononanoate), the concentration of oil phase has been changed from 9% to 29% (Table 2). All these
emulsions have passed the test of stability showing that variable amounts of oils could be emulsified
from 9% to 29%. The formulations containing 14% (E2) and 19% (ES5) of the oil phase showed the
best organoleptic characteristics (white color, polished appearance, and good texture). The amount of
oil phase affects the viscosity of the emulsion, as shown in Figure 4.

The viscosity increase up to 25% (E6) of internal phase volume then returns to decrease (E7). The
decrease of viscosity could be due to the increase of the size of the internal Phase [39—41]. The
emulsion E7, with lower viscosity, showed bigger droplets (1540 pm) compared to the emulsion E6
(5—6 um), as shown in Figure 5.
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Figure 4. Viscosity of O/W basic emulsions (E2, E4—E7) containing different amounts of
oil phase.

Figure 5. Morphology of the emulsions E6 (a) and E7 (b) observed under optical microscope.

In the third step, the concentration of emulsifier at 5% and the oil phase at 14% were kept constant
and various emulsions were prepared by changing the nature of the internal phase (Table 3). The
synthetic ester (E2) was replaced with other oils with different polarity: hydrocarbons (E8a), ether
(E8c), natural (E8d—f) and synthetic triglycerides (E8g), vegetable ester (E8h), and alcohol (E8i).

All these emulsions have passed the test of stability except those prepared with Octyldodecanol
(E81) and mineral oil (E8a). The results obtained highlighted the higher affinity of the emulsifier to the
moderately polar oils (ethers, triglycerides, esters). Also in these case, the type of oil phase affects the
viscosity of the system (Figure 6). The hydrocarbon (apolar) and the alcohol (the more polar ingredient
used) showed a fluidifying effect. The unsaponifiable of olive oil, used as oil phase (emulsion E8b),
containing a mixture of hydrocarbons, alcohols, sterols, tocopherols, etc., showed the same behavior.
This result confirms the low compatibility of the emulsifier with ingredients apolar and polar.
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E8c: Ether 8.00+0.01
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Figure 6. Viscosity of O/W basic emulsions (E2, E8a—i) prepared with oils of different
polarity. The emulsions are reported according to the increasing polarity of the oil phase.

In the next step, the influence of a rheological additive on the stability and viscosity was evaluated.
For this purpose a reference basic emulsion was added with different types of rheological additives at
various concentrations (Table 4). The basic emulsion (E9) was prepared maintaining the concentration
of emulsifier at 5% and the oil phase at 14%, choosing a blend of three oils that gave the best results:
Cetearyl Isononanoate, Caprylic/Capric Triglyceride, and Dicaprylyl Ether. All the emulsions have
passed the test of stability except those prepared with 0.5% of Xanthan gum (E9d2) and 1% of
Magnesium Aluminum Silicate (E912). In Figure 7 are reported the results obtained. As we can see the
rheological additives used have a different effect on the viscosity. Substances which have shown a
fluidizing effect, and therefore not compatible, are the inorganic derivatives (E9il and E9i2), xanthan
gum (E9d1 and E9d2), hydroxyethylcellulose (E9f) and hydroxypropyl guar (E9h).

The results obtained showed that rheological additives of polysaccharide nature caused a decrease
of viscosity which in turn, in the case of xanthan gum, determined a destabilizing effect of the
emulsion. Surfactants—polymers interactions are known [42—47]. Thus we searched for the presence of
an interaction between the emulsifier and xanthan gum. This study was performed by NMR analysis.

"H-NMR spectra of the free emulsifier and of the emulsifier in the presence of the polymer in the
same ratio used in the emulsion (5:0.5 emulsifier:polymer) were acquired. The experiments were
carried out in DMSO-ds, a solvent in which both substances are soluble. The comparison of the spectra
showed a change in the signals of the protons of polyglycerol when it was mixed with the xanthan
gum. The peaks are more broad and this effect influences the signals of both OH and CH and CHoa.
This fact highlights the influence of an interaction between the polymer and the hydrophilic head of
the emulsifier.



Cosmetics 2015, 2 335

14 E9 8.80+0.01
M E9al 8.80+0.02
12 W ES9a2 8.80+0.02
< W E9a3 9.50+0.01
10 _ mE9b1 13.00+0.01
= i I M E9b2 13.00+0.01
s g E9c 9.00+0.01
= m E9d1 2.80+0.01
= E9d2 3.00+0.01
S o ®E9el 10.00£0.02
S _ E9e2 11.00+0.01
4 - — E9f 4.30+0.01
b E9gl 10.00+0.02
2 — — W E9g2 12.00+0.01
B ESh 3.20+0.01
0 - - W E9i1 6.00+0.01
Rheological additive W E9i2 8.00£0.02

Figure 7. Effect of rheological additive on the viscosity of basic emulsion (E9):
E9al: Carbomer 0.1%; E9a2: Carbomer 0.15%; E9a3: Carbomer 0.20%; E9bl:
Acrylates/Cio-30 Alkyl Acrylate Crosspolymer 0.10%; E9b2: Acrylates/Cio-30 Alkyl
Acrylate Crosspolymer 0.15%; E9¢: Sodium Polyacrylate; E9d1: Xanthan gum 0.30%;
E9d2: Xanthan gum 0.50%; E9el: Dehydroxanthan gum 0.30%; E9e2: Dehydroxanthan
gum 0.50%; E9f: Hydroxyethylcellulose; E9g1: Hydroxypropylstarch phosphate 0.50%;
E9g2: Hydroxypropylstarch phosphate 1.00%; E9h: Hydroxypropyl guar; E9il: Magnesium
Aluminum Silicate 0.50%; E9i2: Magnesium Aluminum Silicate 1.00%.

The high molecular weight of xanthan gum and the formation of aggregates via hydrogen bonding
are the reasons why its solutions exhibit high viscosity [48]. We can hypothesize that the interaction
between xanthan gum and emulsifier may decrease the formation of aggregates with a consequent
decrease of the viscosity. Furthermore, this interaction could promote the migration of the emulsifier
from the interface oil/water followed by the separation of the emulsion.

The effect on the viscosity of two consistency factors and three different vegetable waxes was also
studied and compared to a basic emulsion (E9) not containing any of them (always keeping constant
the concentration of emulsifier at 5% and the oil phase at 14%, and using the same mixture of oils
previously used (Table 5). In Table 7, the results obtained are reported.

All these emulsions have passed the test of stability, except for the emulsion prepared with Prunus
Armeniaca Kernel extract (E14).

Moreover, it was evaluated the stabilizing effect of the rheological additives and consistency factors
in formulations that in earlier tests, were not stable (i.e., emulsion containing 2.5% emulsifier, E1).
Only the emulsion prepared with Acrylates/Cio-30 Alkyl Acrylate Crosspolymer 0.20% has passed the
test of stability.
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Table 7. Viscosity values of emulsions containing consistency factors and vegetable waxes.

No Emulsion Viscosity (Pa-s)
E9 Base emulsion 8.80+0.01
E10 Base emulsion + Glyceryl stearate 1.0% 12.00 + 0.01
El1l Base emulsion + Cetearyl alcohol 1.0% 12.00 £ 0.02
E12  Base emulsion + Cetearyl alcohol 1.0% + Glyceryl stearate 1.0% 18.00 £ 0.01
E13 Base emulsion + Olea Europe extract 1.5% 11.00 £ 0.01
E14 Base emulsion + Prunus Armeniaca Kernel extract 1.5% 7.00+0.01
E15 Base emulsion + Triticum vulgare germ extract 1.5% 11.00 £ 0.01

Finally, the study was completed with the preparation of solar formulations. Specifically, the effect
of the polyglycerol derivative in comparison to other different natural emulsifiers on emulsions’ SPF
and their photostability has been studied. Sunscreen can interact with components of the vehicle, and
these interaction can affect sunscreen efficacy. The effectiveness of a sunscreen agent applied in an
emulsion is influenced mainly by the emulsifier and fatty components. Emulsifiers are able to affect
surface tension during the film formation phase, the rheological behavior, and the distribution of the
emulsion on the skin [49]. Rheological behavior has a fundamental importance in the formulation of
sunscreens, because the formation of an evenly-distributed film is critically influenced by the flowing
properties of the formulation [50]. Emulsions containing UVB (Ethylhexyl Methoxycinnamate) and
UVA (Butyl Methoxydibenzoylmethane) filters and basic emulsions without filters as reference were
prepared (Table 6). The results obtained are reported in Figures 8 and 9.

Emulsions containing UVB filter

12 M E16a: Polyglyceryl ester
SPF*: 7.19+0.57;
10 _ - - SPF**6.70%0.63
I J‘ I l W E16b: Olivem 1000
8 - | e SPF*9.98+0.75;
§ SPF*#*9.80+0.85
Tg 6 - | . e E16c: Montanov 68 SPF*
L
o 9.36£0.73;
SPF**9.30+0.59
4 - I .
El6d: Imvitor 372P
SPF*9.71+0.48;
2 - — SPF**9.65+0.73
O .

Before irradiation After irradiation

Figure 8. The effect of different emulsifiers on SPF values and photostability after
irradiation at 20 MED of emulsions containing UVB filter. SPF *: SPF value before
irradiation; SPF **: SPF value after irradiation.
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Figure 9. The effect of different emulsifiers on SPF values and photostability after
irradiation at 20 MED of emulsions containing UVA filter. SPF *: SPF value before
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irradiation; SPF **: SPF value after irradiation.
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Regarding the emulsions containing the UVB filter (E16a—d), the Polyglycerol rice bran fatty acid

esters did not give good results (Figure 8). In fact, it showed the lowest SPF value and less

photostability, while it improved UVA filter photostability. As we can see from Figure 9, the emulsion

prepared with the polyglycerol esters has an SPF value comparable to that of the emulsion obtained

with the glucoside derivative (Montanov 68) but provides better photostability. The decrease of SPF
value is higher for the emulsion prepared with Imvitor 372P (17.60%), followed by Olivem 1000

(14.93%), Montanov 68 (12.28%), and Polyglycerol esters (9.62%).

The different SPF values obtained could be due to the different rheological properties of the

emulsions prepared with the various emulsifiers. The emulsion E16a showed the lowest viscosity value

(Table 8), consequently a thinner film of the product on the substrate could be obtained. The film

thickness of the product applied is an important parameter that influences the effectiveness of

sunscreen [49-51].

Table 8. Viscosity values of emulsions containing UV filters.

Emulsion Emulsifier Viscosity (Pa-s)
El6a Polyglycerol rice bran fatty acids esters 15.00 £0.02
El16b Cetearyl Olivate, Sorbitan Olivate 28.00 £0.01
El6c Cetearyl alcohol, Cetearyl Glucoside 25.00 £0.01
El6d Glyceryl Stearate Citrate 26.00 + 0.01
El7a Polyglycerol rice bran fatty acids esters 10.00 £0.01
E17b Cetearyl Olivate, Sorbitan Olivate 15.00 + 0.01
El7c Cetearyl alcohol, Cetearyl Glucoside 11.00 £ 0.02
E17d Glyceryl Stearate Citrate 18.00 + 0.01
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4. Conclusions

The study has allowed us to obtain an O/W natural emulsifier through a green chemistry process
that responds to the current market trends. The synthesis is simple, rapid, and easily transferable at the
industrial level. Moreover, the product can be used as such without further purification. The studied
emulsifier is an ester obtained by an innovative combination of a special polyglyceryl derivative of
fatty acids from rice bran oil neutralized with arginine, specially balanced to offer outstanding
emulsifying properties.

The emulsifier can be used in formulations whose phases consist of fatty substances of varied
chemical nature and different polarity, including vegetable triglycerides. Emulsion of varying fluidity
and consistency can be made, regardless of the ratio of the two phases and the composition of the
internal phase and depending on the chemical nature of the rheological additive. The great versatility
of this product is of considerable interest and it opens the way for a new generation of ecoproducts.
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