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Abstract

Emulsions are systems formed by two immiscible liquids, one of which is dispersed in the other as droplets with relative
stability. These have multiple applications, among them, in the formulation of pharmaceutical and cosmetic products. Its
preparation requires generating a large interfacial area, which is usually attained by using the physicochemical formulation
know-how on surfactant-oil-water (SOW) systems. Among the applications in the pharmaceutical industry, topical creams,
and emulsions for intravenous and for oral administration can be found. Eugenol can be extracted from cloves (Syzygium
aromaticum) by various methods, including steam distillation, hydrodistillation and Soxhlet extraction. Furthermore, emul-
sions based on eugenol can be obtained for a variety of applications, including as topical and oral anesthetic. Nanoemulsions
can be formulated with a mixture of nonionic surfactants Span 20/Tween 80 at an HLB of 11 to 13 and a total surfactant
concentration of 4%, using the dilution phase transition method (so-called spontaneous emulsification) to attain stable O/W
eugenol-based emulsions. Paraffin oil/eugenol ratio of 4/1 can be used to reach a final emulsion internal oil phase content of
10% with 4% surfactant and 86% aqueous phase. Different polymers are used as viscosifying agents, including carbox-
ymethylcellulose. Under these conditions, eugenol-based emulsions with an average droplet size of less than 2 um can be
attained, with topical and oral anesthetic characteristics.
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Resumen

Las emulsiones son sistemas formados por dos fases, una de las cuales se encuentra dispersa en la otra en forma de gotas.
Estas tienen multiples aplicaciones, entre ellas, en la formulacion de productos farmacéuticos y cosméticos. Su preparacion
requiere la generacion de una gran &rea interfacial, la cual se obtiene haciendo uso del saber-hacer de formulacién fisico-
quimica de sistemas surfactante-aceite-agua. Entre las aplicaciones en la industria farmacéutica resaltan: cremas topicas
para la aplicacion de farmacos, emulsiones para administracion intravenosa y emulsiones para administracion de medica-
mentos via oral. En este trabajo se obtienen emulsiones a base de eugenol para ser utilizadas como anestésico tépico y bucal.
El eugenol fue extraido del clavo de olor (Syzygium aromaticum) por diversos métodos, entre ellos, destilacion por arrastre
con vapor, hidrodestilacion y extraccion Soxhlet. Las emulsiones fueron preparadas con una mezcla de surfactantes no ioni-
cos Span 20/Tween 80 a un HLB de 11 a 13 y a una concentracion total de surfactante de 4%, utilizando el método de
transicion de fases por dilucion. Este método es generalmente usado para obtener nanoemulsiones. La relacién aceite de
parafina/eugenol fue de 4/1 para alcanzar un contenido de fase interna final de la emulsién de 10% con un 4% de surfactante
y 86% de fase acuosa. El polimero utilizado como viscosante fue carboximetilcelulosa. En estas condiciones, se logré obtener
una emulsion con tamafio de gota promedio menor a 2 um, con caracteristicas de anestésico local topico y bucal, utilizando
un componente activo natura, el eugenol.
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1 Introduction

Nanoemulsions are non-equilibrated dispersed systems
of two immiscible liquids with submicron droplet size
(Forgiarini et al., 2001b, Komaiko y McClements 2015).
Most of the systems formulated to produce nanoemulsions
are multicomponent systems (Bullon et al., 2007, 2021,
Salager et al., 2020). Therefore, due to the partitioning phe-
nomenon of surfactant species, it is possible to modify the
interfacial composition during the emulsification process
through the change of water and oil ratios (Marquez et al.,
2002, Marquez et al., 2008, Salager, et al., 2000, Salager et
al., 2004). This is the principle of the emulsification method
initially called emulsion inversion point (EIP) described by
Marszall (1976), used by Lin (1978), and improved by Sagi-
tani (1981). The method to obtain nanoemulsions of the oil-
in-water (O/W) type consists of adding water to a dispersion
formed by the oil and the surfactant mixture until the final
submicron emulsion is attained. The importance of micro-
emulsions and/or lamellar liquid crystals phases for nano-
emulsions formation through a phase-dilution inversion
method (also called spontaneous emulsification) has been
discussed in previous work (Forgiarini et al., 2001a, Lopez-
Montilla et al., 2002, Marquez et al., 2008). The generation
of these structures, such as microemulsions or liquid crystals
in surfactant-oil-water (SOW) systems, depends on the phys-
icochemical formulation, and mainly, on the surfactant for-
mulation parameter, which can be expressed as HLB or also
as SCP or sigma (Forgiarini et al., 2021, Salager et al., 2020).

Bullén et al. (2007) and Marquez et al. (2008) obtained
soybean oil emulsions in water stabilized by emulsifiers such
as ethoxylated and non-ethoxylated sorbitan esters and le-
cithin using the dilution phase transition method. In both
cases, the presence of lamellar liquid crystals was observed.
These microstructures make it possible to obtain emulsions
of submicron droplet sizes after phase transitions during di-
lution ( Forgiarini et al., 2001a, Marquez et al., 2008).

The elaboration of micro or nanostructured products in
the pharmaceutical field is crucial because they have a large
interfacial area and can be used to control active ingredients,
such as those present in natural oils (Bullon et al., 2021,
McClements y Rao 2011, Ostertag et al., 2012). Eugenol is
an essential oil present in cloves (Syzygium aromaticum).
About 80.7% of clove essential oil is composed of eugenol.
In addition, it contains other compounds such as eugenol ac-
etate (14.8%), B-caryophyllene (4.1%), and oleanolic triter-
pene acid (3.2%). The extraction of eugenol is carried out
through different separation methods. Among them, the most
used are steam distillation, hydrodistillation, and Soxhlet ex-
traction (Just et al., 2016, Khalil et al., 2017). This is used
clinically as a local anesthetic and antiseptic, specifically in
treating periodontal diseases, due to its antiseptic and anti-
inflammatory action (Ahmad et al., 2019, Pramod et al.,
2016). It has proven antimicrobial properties against a wide

spectrum of bacteria (Ali et al., 2005, Marchese et al., 2017).
Although its application is common, eugenol can cause caus-
ing caustic injuries or superficial burns when placed directly
and in high concentrations in the soft tissues. Pure Eugenol
at concentrations greater than 10 mmol/mL (> 600 mg/ml)
inhibits cell migration. It modifies the synthesis of prosta-
glandins, which affects cellular respiration, mitochondrial
activity, and produces severe changes in the enzymatic activ-
ity of the cell membrane (Aburel et al., 2021, Gerosa et al.,
1996). For this reason, various vehicles have been used for
their application (Ahmad et al., 2019).

In this study, eugenol is used as an active ingredient in
the formulation of an emulsion with topical antiseptic and
anesthetic action, composed of paraffin oil, eugenol, water
and a mixture of nonionic surfactants, using a low-energy
phase transition emulsification method. Droplet size and rhe-
ology of the emulsions are evaluated, as well as its anesthetic
action in sensory tests.

2 Methodology
2.1 Substances

The surfactants used in this work are a mixture of two
nonionic surfactants of the type non-ethoxylated and ethox-
ylated sorbitan esters, known commercially as Span 20 and
Tween 80, respectively. Span 20 is a mixture of sorbitan es-
ters of the monolaurate type with an average molecular
weight of 346 g/mol, a density of 0.95 g/ml at 25° C, and an
HLB of 8.6. Tween 80, also known as polysorbate 80, con-
sists of a monooleate-type sorbitan ring and ethylene polyox-
ide with an average molecular weight of 1,310g/mol and an
HLB of 15. Both surfactants were obtained from Sigma
(Spain). The oily phase was liquid paraffin and the viscosi-
fying polymer carboxymethylcellulose, both provided by Ci-
entifica Andina (Venezuela). The electrolyte was sodium
chloride (JT Baker, Mexico, analytical grade). The active
component eugenol was extracted from cloves (Syzygium ar-
omaticum) through steam distillation, hydrodistillation, and
Soxhlet extraction. Figure 1 presents the molecular structures
of eugenol, Span 20, and Tween 80 schematically.

2.2 Extraction of eugenol
Eugenol extraction was performed through three methods:

- Steam distillation: This process consists of co-distillation of
the essential oil with water vapor in simple distillation equip-
ment. Thus, the vegetable sample is placed in an inert cham-
ber and subjected to a stream of superheated water vapor,
where essential oils that have high boiling points are distilled
and then condensed, collected, and separated from the aque-
ous fraction.

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022



Formulation of a eugenol-based O/W emulsion...

159

- Hydrodistillation: This is a variant of the simple steam dis-
tillation method. The vegetable raw material is loaded into a
hydrodistillation unit to form a compacted bed. The water va-
por is injected with enough pressure to overcome the hydrau-
lic resistance of the bed. The steam encounters the clove bed
to heat it and release the contained essential oil, which, in
turn, evaporates. In this equipment, a trap is placed at the end
of the coolant, separating the oil from the condensed water,
which improves and facilitates the essential oil extraction.

- Soxhlet extraction: In this method, the solid to be extracted
is placed in a cartridge made of filter paper, which is inserted
in the center of the chamber. A low boiling point solvent is
placed in the balloon and heated to maintain constant reflux.
The vapors rise into the condenser, and the condensed liquid
falls into the cartridge containing the solid. The solvent fills
the chamber and extracts the desired compound from the
plant material. Once the cartridge is filled with the solvent, a
smaller diameter tube generates a vacuum that drags the sol-
vent with the oil to the distillation balloon.

CH3O:©/\/
HO

Eugenol

RO OR
Zoj‘CHOH -CH, OR

Donde R = H 6 un radical de acido graso (R*-CO-)
Span 20

HO(CH20H20)a (OCHZCHZ)DOH
O CH- (OCHZCHZ) dOH 0
1 "
CH; (OCH,CH ;)¢ 0 -C-CyH,,
Tween 80

a+b+c+d=20

Fig. 1. Molecular structures of eugenol, Span 20 and Tween 80.
2.3 Emulsion formation

The emulsification procedure was carried out as fol-
lows: the mixture of surfactants Span 20 and Tween 80 was
first dissolved in the oil phase, with a paraffin oil/eugenol
ratio of 4/1 and an oil/surfactant phase ratio of 2.5/1. Next,
the aqueous phase (0.06% NaCl) was gradually added to the
dispersion of surfactant and oil (0.7 ml/min), maintaining a
constant mixing speed (250 rpm) and temperature (30°C).
The mixer used was an IKA agitator, Eurostar model. Then,
the viscous phase was diluted in the remaining water neces-
sary to obtain 50 g of the final emulsion composed of 4%
surfactant, 10% oil phase (paraffin + eugenol), and 86% wa-
ter.

2.4 Droplet size

The mean droplet size and droplet size distribution were
determined using an LS 13320 laser light diffraction particle
size analyzer (Beckman Coulter), measuring 0.04 to 2000
pum. The measurements were carried out by diluting the sam-
ples with the aqueous phase used to prepare the emulsion.
The average droplet size reported is the Sauter diameter
d[3,2]. In addition, the d(0,9) is presented, which is the diam-
eter below 90% by volume of the droplets of the distribution.

2.5 Rheological behavior

A rotational theometer (TA instruments), model ARG2,
was used to perform the viscosity measurements of the emul-
sions formed. Data were obtained on the stress vs. shear rate
for a cone-plate geometry or concentric cylinders, according
to the flow behavior of the emulsions.

2.6 Sensory analysis

The anesthetic effect of emulsions with the active com-
ponent eugenol was studied through sensory analysis tests,
applying the emulsion topically on the skin and inside the
mouth, and determining the time of anesthetic effect on the
area.

3 Results and Discussion

The eugenol extraction methods were analyzed, consid-
ering the yields. The eugenol extraction procedure by steam
distillation was carried out in approximately four hours, ob-
taining a yield of 37.5%. The technique by hydrodistillation
was performed in two hours, attaining a yield of 9.3%. Fi-
nally, the Soxhlet extraction was completed in approximately
three days, with a yield 0of 36.3%. Soxhlet being an extraction
of the liquid-solid type, solid particles and pigments and
other unwanted compounds were in the final sample. On the
other hand, it was not possible to successfully separate euge-
nol from other compounds as they have very similar boiling
points. As a consequence of the parameters studied, such as
time, yield, and oil purity, the methods selected for the ex-
traction of eugenol from cloves were steam distillation and
hydrodistillation (Khalil et al., 2017).

An HLB formulation scan from 11 to 13 was performed
and the systems were composed of 4% of the surfactant mix-
ture Span 20 and Tween 80, 8% paraftin oil, 2% eugenol, and
86% aqueous phase were emulsified. The emulsion’s droplet
size was measured for the different formulations (Figure 2).
At HLB = 12.5, a minimum droplet size of the emulsion is
observed, which is the characteristic behavior of SOW sys-
tems at some distance from the optimal formulation (Salager,
Nielloud, et al., 2000, Tolosa et al., 2006). At HLB = 12.5
d[3,2] and d(0,9) are similar, indicating that this emulsion
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is the least polydisperse (Bullon et al., 2007). This generates
greater stability of the emulsions, which is improved by the
following factors: 1) a smaller droplet size due to an increase
in the interfacial area and an increase in electrostatic and ste-
ric repulsion interactions; 2) a less polydisperse droplet size
distribution; and 3) the viscosity of the external phase, which
can be increased with a viscous agent.
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Fig. 2. Average droplet size d[3,2] (®) and d(0,9) (®) of paraffin oil/eu-
genol/Span 20-Tween 80/aqueous phase emulsions as a function of HLB. T
=30C.

Eugenol is a polar oil, making its emulsification difficult
due to its low solubilization in SOW systems (Bouton et al.,
2009, Marquez et al., 2008, Ontiveros et al., 2015). The blend
of surfactants Span 20 and Tween 80 has been shown to be
suitable for the emulsification of polar oils, such as triglycer-
ide oils (Bullén et al., 2007). In addition, the droplet diameter
of less than 2 um obtained from the emulsions at an HLB =
12.5 demonstrates that this formulation allows eugenol to be
encapsulated in the emulsion. Therefore, this emulsion was a
suitable vehicle for application. Furthermore, it is better than
eugenol oil in its pure state, which can be toxic and generate
irritation when applied directly to the skin or in the mouth for
local anesthesia, particularly in dentistry (Gerosa et al.,
1996).

At HLB = 11, an opaque unstable emulsion was ob-
tained due to the proximity of the phase inversion point
(Salager, et al., 2000). For this reason, the HLB of 12, 12.5
and 13 were selected to study the relationship between rheo-
logical behavior and droplet size of the emulsions formed.

Figure 3 shows the rheological behavior of emulsions
formed at HLB 12, 12.5 and 13. Emulsions present a shear-
thinning behavior. Thus, a suitable formulation of an anes-
thetic emulsion for a topical application requires (Gallegos y

Franco 1999, Pons et al., 2007, Tadros et al., 2004, Tadros
1994):

- High viscosity at low shear for better application.
- Low viscosity at high shear to spread the cream on the skin.

- Wettability and anesthetic effect for several minutes.
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Fig. 3. Rheological behavior of emulsions of the paraffin oil/eugenol/Span
20-Tween 80/aqueous phase system, as a function of HLB. T =30 C.

The first two characteristics were improved for the three
emulsions shown in Figure 3, using the polymer carbox-
ymethylcellulose as a viscosifying agent at 3% in the total
system. Moreover, this polymer can be used in O/W emul-
sions, modifying the rheological behavior and increasing the
stability of the emulsions formed (Celis et al., 2008). The
third, the anesthetic effect, was studied through a sensory
analysis of the emulsion applied topically on the skin and
mouth. It was found that the emulsion has an effect on sen-
sory properties after 2 min of being applied, with a duration
of 20£1 min from its application until the skin surface obtains
sensitivity again.

4 Conclusions

In this work, a formulation for eugenol use as a topical
and oral anesthetic was attained, respecting the limits of tox-
icity, using an emulsion as a vehicle. A low energy emulsifi-
cation method, also called spontaneous emulsification was
used to obtain submicrometer emulsions. It was found that
the most appropriate methods for extracting eugenol from
cloves (Syzygium aromaticum) are steam distillation and hy-
drodistillation. Moreover, the emulsion’s stability, droplet
size, and rheological properties allow the application of eu-
genol as an active ingredient for use as a topical and oral an-
esthetic.

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022



Formulation of a eugenol-based O/W emulsion...

161

Acknowledgments

The authors want to thank all the laboratory staff at
FIRP Laboratory, the Food Laboratory and LMSSI Labora-
tory of the Chemical Engineering School at Universidad de
Los Andes, who contributed to the development of this re-
search.

References

Aburel O, Pavel 1Z, Danila MD, Lelcu T, Roi A, Lighezan
R, Muntean DM, Rusu LC, 2021, Pleiotropic Effects of
Eugenol: The Good, the Bad, and the Unknown. Oxidative
Medicine and Cellular Longevity, 2021, 3165159.
https://doi.org/10.1155/2021/3165159

Ahmad N, Ahmad FJ, Bedi S, Sharma S, Umar S, Ansari M
A, 2019, A novel Nanoformulation Development of Eugenol
and their treatment in inflammation and periodontitis. Saudi
Pharmaceutical Journal, 27(6), 778-790.
https://doi.org/10.1016/j.jsps.2019.04.014

Ali SM, Khan AA, Ahmed I, Musaddiq M, Ahmed KS,
Polasa H, Rao LV., Habibullah, C. M., Sechi, L. A., y
Ahmed, N., 2005, Antimicrobial activities of Eugenol and
Cinnamaldehyde against the human gastric pathogen
Helicobacter pylori. Annals of Clinical Microbiology and
Antimicrobials, 4(1), 20. https://doi.org/10.1186/1476-0711-
4-20

Bouton F, Durand M, Nardello-Rataj V, Serry M, Aubry J,
M, 2009, Classification of terpene oils using the fish
diagrams and the Equivalent Alkane Carbon (EACN) scale.
Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 338(1-3), 142—-147.
https://doi.org/10.1016/j.colsurfa.2008.05.027

Bullon J, Marquez L, Fernandez JA, Scorzza C, Scorza JV,
Rodriguez J, Cordero A, Vejar F, Khatib SK, Forgiarini A,
2021, A promising Cutaneous Leishmaniasis treatment with
a nanoemulsion-based cream with generic pentavalent
antimony (Ulamina) as active ingredient. Cosmetics, 8(4),
115; https://doi.org/10.3390/cosmetics8040115

Bullén J, Molina J, Marquez R, Véjar F, Scorzza C,
Forgiarini A, 2007, Nano-emulsionaciéon de aceites
triglicéridos para uso parenteral mediante un método de baja
energia. Revista Tecnica de La Facultad de Ingenieria
Universidad Del Zulia, 30, 428—437.

Celis MT, Manchego L, Contreras M, Forgiarini A, Vejar F,
Marquez L, Salager JL, 2008, Efecto del polimero
carboximetil celulosa de sodio sobre la inversion de
emulsiones. Ciencia e Ingenieria, 29(2), 115-122.

Forgiarini A, Esquena J, Gonzélez C, Solans C, 2001,
Formation and stability of nano-emulsions in mixed nonionic
surfactant systems. Progress in Colloid and Polymer Science,
118, 184—189. https://doi.org/10.1007/3-540-45725-9 42
Forgiarini A, Esquena J, Gonzalez C, Solans C, 2001b,

Formation = of Nano-emulsions by  Low-Energy
Emulsification Methods at Constant Temperature. Langmuir,
17, 2076.

Forgiarini AM, Marquez R, Salager JL, 2021, Formulation
improvements in the applications of surfactant-oil-water
systems using the HLDN approach with extended surfactant
structure. Molecules, 26(12), 3771.
https://doi.org/10.3390/molecules26123771

Gallegos C, Franco JM, 1999, Rheology of food, cosmetics
and pharmaceuticals. Current Opinion in Colloid and
Interface Science, 4(4), 288-293.
https://doi.org/10.1016/S1359-0294(99)00003-5

Gerosa R, Borin M, Menegazzi G, Puttini M. Cavalleri G,
1996, In vitro evaluation of the cytotoxicity of pure eugenol.
Journal of Endodontics, 22(10), 532-534.
https://doi.org/10.1016/S0099-2399(96)80012-4

Just J, Bunton GL, Deans BJ, Murray N., Bissember AC,
Smith JA, 2016, Extraction of Eugenol from Cloves Using
an Unmodified Household Espresso Machine: An
Alternative to Traditional Steam-Distillation. Journal of
Chemical Education, 93(1), 213-216.
https://doi.org/10.1021/acs.jchemed.5b00476

Khalil AA, Rahman U, Khan MR, Sahar A, Mehmood T,
Khan M, 2017, Essential oil eugenol: sources, extraction
techniques and nutraceutical perspectives. RSC Advances,
7(52), 32669-32681. https://doi.org/10.1039/C7RA04803C
Komaiko J, McClements DJ, 2015, Low-energy formation of

edible nanoemulsions by spontaneous emulsification:
Factors influencing particle size. Journal of Food
Engineering, 146, 122-128.

https://doi.org/10.1016/j.jfoodeng.2014.09.003

Lin T, 1978, Low-Surfactant Emulsification. Journal of the
Society of Cosmetic Chemists, 28(June), 273-295.
Loépez-Montilla, J. C., Herrera-Morales, P. E., Pandey, S.,
Shah DO, 2002, Spontaneous emulsification: Mechanisms,
physicochemical aspects, modeling, and applications.
Journal of Dispersion Science and Technology, 23(1-3),
219-268. https://doi.org/10.1080/01932690208984202
Marchese A, Barbieri R, Coppo E, Orhan IE, Daglia M,
Nabavi S F, Izadi M, Abdllahi, M, Nabavi SM, Ajami M,
2017, Antimicrobial activity of eugenol and essential oils
containing eugenol: A mechanistic viewpoint. Critical
Reviews in Microbiology, 43(6), 668—689.
https://doi.org/10.1080/1040841X.2017.1295225

Marquez N, Graciaa A, Lachaise J, Salager JL, 2002,
Partitioning of ethoxylated alkylphenol surfactants in
microemulsion-oil-water systems: Influence of
physicochemical formulation variables. Langmuir, 18(16),
6021-6024. https://doi.org/10.1021/1a0201990

Marquez R., Bulléon J, Marquez, Cardenas, A, Bricefio MI,
Forgiarini A, Marquez R, Bullon J, Marquez L, Cérdenas A,
Bricefio MI, Forgiarini A, 2008, Rheological changes of
parenteral emulsions during phase-inversion emulsification.
Journal of Dispersion Science and Technology, 29(4), 621—
627. https://doi.org/10.1080/01932690801945998

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022



162

Marquez et al.

Marszall L, 1976, Adsorption of nonionic surfactants at the
oil-water interface and emulsion inversion point. Colloid and
Polymer Science Kolloid Zeitschrift y Zeitschrift Fiir
Polymere, 254(7), 674—-675.
https://doi.org/10.1007/BF01753698

McClements DJ, Rao J, 2011, Food-Grade nanoemulsions:
Formulation,  fabrication,  properties,  performance,
Biological fate, and Potential Toxicity. Critical Reviews in
Food Science and Nutrition, 51(4), 285-330.
https://doi.org/10.1080/10408398.2011.559558

Ontiveros JF, Bouton F, Durand M, Pierlot C, Quellet C,
Nardello-Rataj V, Aubry JM, 2015, Dramatic influence of
fragrance alcohols and phenols on the phase inversion
temperature of the Brij30/n-octane/water system. Colloids
and Surfaces A: Physicochemical and Engineering Aspects,
478, 54—61. https://doi.org/10.1016/j.colsurfa.2015.03.051
Ostertag F, Weiss J, McClements DJ, 2012, Low-energy
formation of edible nanoemulsions: Factors influencing
droplet size produced by emulsion phase inversion. Journal
of Colloid and Interface Science, 388(1), 95-102.
https://doi.org/10.1016/j.jcis.2012.07.089

Pons R, Solans C, Stebé MJ, Erra P, Ravey JC, 2007,
Stability and rheological properties of gel emulsions. Trends
in Colloid and Interface Science VI, 113, 110-113.
https://doi.org/10.1007/bfb0116290

Pramod, Aji Alex MR, Singh, Dang S, Ansari SH, Ali J,
2016, Eugenol nanocapsule for enhanced therapeutic activity
against periodontal infections. Journal of Drug Targeting,
24(1), 24-33.
https://doi.org/10.3109/1061186X.2015.1052071

Sagitani H, 1981, Making homogeneous and fine droplet
O/W emulsions using nonionic surfactants. Journal of the
American Oil Chemists’ Society, 58(6), 738-743.
https://doi.org/10.1007/BF02899466

Salager JI, Anton RE, Bullon J, Forgiarini A, Marquez R,
2020, How to Use the Normalized Hydrophilic-Lipophilic
Deviation (HLDN) Concept for the Formulation of
Equilibrated and Emulsified Surfactant-Oil-Water Systems
for Cosmetics and Pharmaceutical Products. Cosmetics, 7(3),
57. https://doi.org/10.3390/cosmetics 7030057

Salager JL, Marquez N, Graciaa A, Lachais J, 2000,
Partitioning of ethoxylated octylphenol surfactants in
microemulsion-oil-water systems: Influence of temperature
and relation between partitioning coefficient and
physicochemical formulation. Langmuir, 16(13), 5534—
5539. https://doi.org/10.1021/1a9905517

Salager, JL, Nielloud F, Marti-Mestre, G, 2000, Emulsion
properties and related know-how to attain them.
Pharmaceutical Emulsions and Suspensions, 105, 73—125.
http://www.crcnetbase.com/doi/book/10.1201/b14005
Salager JL, Forgiarini A, Lopez JC, Marfisi S, Alvarez G,
2004, Dynamics of Near-zero Energy Emulsification. 6th
World Surfactant Congress CESIO, 203, 1-11.

Tadros TF, 1994, Fundamental principles of emulsion
rheology and their applications. Colloids and Surfaces A:

Physicochemical and Engineering Aspects, 91(C), 39-55.
https://doi.org/10.1016/0927-7757(93)02709-N

Tadros T, Izquierdo P, Esquena J, Solans C, 2004, Formation
and stability of nano-emulsions. Advances in Colloid and
Interface Science, 108-109, 303-318.
https://doi.org/10.1016/j.¢is.2003.10.023

Tolosa LI, Forgiarini A, Moreno P, Salager JL, 2006,
Combined effects of formulation and stirring on emulsion
drop size in the vicinity of three-phase behavior of surfactant-
oil water systems. Industrial and Engineering Chemistry
Research, 45(11), 3810-3814.
https://doi.org/10.1021/ie060102;j

Recibido: 23 de enero de 2022
Aceptado: 26 de marzo de 2022

Marquez, Ronald: Ronald Marquez is currently a postdoc-
toral research fellow at Total Energies in Lacq, France, and
the ESPCI, Paris. He holds a Ph.D. in applied sciences in
2019 and a chemical engineering bachelor’s degree from the
Universidad de Los Andes in 2006m where he was an asso-
ciate professor for 13 years. He has also been a postdoctoral
fellow at the Department of Forest Biomaterials, North Car-
olina State University in 2020. His current research is on in-
terfacial properties of SOW systems, including the formula-
tion and upcycling of biomass-derived and biobased prod-
ucts.
https://orcid.org/0000-0001-6003-7487

Cedefio, Yleana: holds a Chemical Engineer degree from the
Universidad de Los Andes (Mérida-Venezuela)

https://orcid.org/0000-0001-7850-6878.

Segovia, Leonel: holds a Chemical Engineer degree from
the Universidad de Los Andes (Mérida-Venezuela).
https://orcid.org/0000-0002-2436-7128

Davila, Rafael: holds a Chemical Engineer degree from the
Universidad de Los Andes (Mérida-Venezuela).
https://orcid.org/0000-0001-7547-3580.

Pérez, Albany: holds a Chemical Engineer degree from the
Universidad de Los Andes (Mérida-Venezuela).
https://orcid.org/0000-0002-8281-2250.

Bullén, Johnny: holds a Chemical Engineer degree from the
Universidad de Los Andes (Mérida-Venezuela) and Ph.D.
from the European Membrane Science and Technology Insti-
tute at the Universidad Montpellier 2 (France). He is cur-
rently a professor at the School of Chemical Engineering of
the Universidad de Los Andes and director of FIRP Labora-
tory, with lines of research in the field of membranes and

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022


https://orcid.org/0000-0001-6003-7487
https://orcid.org/0000-0001-7850-6878
https://orcid.org/0000-0002-2436-3580
https://orcid.org/0000-0001-7547-3580
https://orcid.org/0000-0002-8281-2250

Formulation of a eugenol-based O/W emulsion... 163

separation processes related to systems with surfactants and

emulsions. Email: jbullon@ula.ve
https://orcid.org/0000-0002-6446-4088

Rennola, Leonardo: Professor of Project Evaluation and
Plant Design. Director of the Laboratory of Mixing, Separa-
tion and Industrial Synthesis and researcher associated with
the FIRP Laboratory of the School of Chemical Engineering
at Universidad de Los Andes, with research areas in water
treatment through membranes and coagulation with poly-
mers. MSc at Colorado State University (USA). Email: leo-
nardo@ula.ve
https://orcid.org/0000-0002-1114-5876

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022


mailto:jbullon@ula.ve
https://orcid.org/0000-0002-6446-4088
mailto:leonardo@ula.ve
mailto:leonardo@ula.ve

164 Marquez et al.

Revista Ciencia e Ingenieria. Vol. 43 No. 2, abril-junio, 2022



