
Tradename Chemical name Supplier Functionality

Labrafac™ 
Lipophile WL1349

Triglycerides medium-chain Gattefossé Oily vehicle

Sweet almond oil Prunus Amygdalus Dulcis Oil Cooper Oily vehicle

Emulfree® Duo
Mixture of propylene glycol monolaurate (type I), 
Ethylcellulose and propylene glycol isostearate

Gattefossé Oil stabilizing agent

Gelot™ 64 Glyceryl monostearate PEG-75 stearate Gattefossé O/W emulsifier

Carbopol EDT 2020 Carbomer Lubrizol Gelling agent

Sepineo P600
Acrylamide/Sodium Acryloyldimethyl Taurate 
Copolymer/Isohexadecane & Polysorbate 80

Seppic
Thickening, emulsifying 
and stabilizing polymer

Pemulen TR1 NF Carbomer Lubrizol Gelling agent

NaOH (sol. 10%) Sodium hydroxide (solution at 10%) VWR Neutralizer

TEA Triethylamine Merck Neutralizer

Demineralized water - - Aqueous phase

Glycerin Propane-1,2,3-triol Avantor Emollient

Geleol™ mono and diglycerides NF Glycerol monostearate 40-55 (Type I) Gattefossé Thickener

Phenoxyethanol 2-Phenoxyethanol Merck Preservative

Lavandula angustifolia essential oil Lavandula angustifolia ssp angustifolia Pranarom Active ingredient

Formulation code DPe 044 DPe 073 DPe 110 DPe 113

Excipients % (W/W)

Demineralized water 66.20 65.20 72.10 66.45

Sepineo 600 1.00 2.00

Carbopol ETD 2020 0.40

Pemulen TR 1 NF 0.30

NaOH (sol. 10%) 0.70

TEA 0.45

Glycerin 5.00 5.00 5.00 5.00

Phenoxyethanol 0.80 0.80 0.80 0.80

Emulfree® Duo 5.00 5.00 4.00 5.00

Gelot™ 64 2.00

Labrafac™ 
Lipophile WL 1349

15.00 15.00

Sweet almond oil 15.00 10.00

Geleol™ mono 
and diglycerides NF

2.00 2.00 2.00

Lavandula angustifolia 
essential oil

5.00 5.00 5.00 5.00

Characteristics

pH 4.0 ± 0.5 4.0 ± 0.5 5.0 ± 0.5 7.0 ± 0.5

Microscopy 
(magnification 10)

Viscosity (B 92, 5 rpm) 17 500 mPa.s 73 000 mPa.s 45 000 mPa.s 29 000 mPa.s 

Formulation Flow threshold (Pa)

DPe 44 12

DPe 73 95

DPe 110 70

DPe 113 148
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Process

Emulfree® Duo is dispersed into the oily phase. In parallel, the gelling agent 
is added into the water phase and pre-neutralised if Carbomer is used (with 
10% of the total amount of neutralizer). Once the water phase is gelled, both 
phases are heated separately at 75-80°C. The oil phase is then poured into 
the aqueous phase under high shear (3000 rpm/ 10 min). Then, if necessary, 
the neutralization of aqueous phase must be completed. Finally, the 
formulation is cooled down at room temperature under moderate agitation. 
 
Characterization of the bi-gel (24 hours after production)
 
The different characterizations done on bi-gel are:

   • �Macroscopic evaluation of the aspect, colour and consistency of the emulsion
   • �Microscopical assessment of the structure of the emulsion under a 

stereomicroscope
   • pH evaluation using a pHmeter 
   • Rheological evaluation 
	 o The viscosity was assessed using a viscometer Brookfield. 
	 o �Flow measument and yield stress were analysed with rheometer 

Haake Mars 60 6000 from Thermo Scientific, equipped with a 
peltier system as temperature control unit. The data was evaluated 
using the Haake RheoWin Data Manager software.

   • Sensorial profile (obtained through Gattefossé panel of experts).

materials and Methods

The efficacy, tolerance and application properties of dermatological products are clearly related to the type of base 
used. The interactions between the base, the skin and the drug influence the different effects of the preparation and the 
release of the drug. There is a variety of vehicles that allow a given therapy to be tailored to the condition of the skin. As 
such, bi-gel, widely used in the cosmetics and food fields, is an emerging and innovative topical pharmaceutical form 
which has many advantages1. Bi-gel is an intimate mixture of an aqueous gel and an oily gel. Due to its dual nature, this 
system is suitable for both lipophilic and hydrophilic drugs, with good ability to transport drugs through the skin². The 
absence of surfactant enables to develop high tolerance formulations with unique characteristics: refreshing sensation, 

natural moisturizing properties and excellent ease of application. Indeed Emulfree® Duo, an oil stabilizer, is composed of 
a synergistic combination of emollients and ethylcellulose, which stabilize the system. Depending on the concentration 
of Emulfree® Duo used, a palette of textures, from sprayable lotion to rich cream, can be designed. The entire process 
can be carried out at room temperature: this energy-saving process is ideal for heat-sensitive drugs and to minimize 
manufacturing costs and risks.
This study aims to propose a natural alternative for Lavandula angustifolia topical formulation for anti-inflammatory 
treatment. 

Bi-gel: an innovative topical dosage form.
A case study with Lavandula angustifolia essential oil

Results

Four different formulations (Table 2) have been prepared and compared regarding different physical 
criteria. 

Depending on the oily vehicle and the gelling agent used, and the concentration of Emulfree® Duo, it is 
possible to modulate the macroscopic/ microscopical aspect, the texture, the rheological behavior and 
the sensorial profile of bi-gels. 
DPe 044 has the lowest viscosity, while DPe 073 displays the highest. The gelling agent used mainly 
influence the configuration of the bi-gel, i.e. its macroscopic structure and viscosity.
All Emulfree® Duo based bi-gels are homogeneous, with fine dispersion according to microscopic 
evaluation, particularly DPE 073. The addition of Gelot™ 64 improves the fineness of the particle size and 
increases the viscosity of the system.

Flow curve measurements (Figure 1) showed that their viscosity decreases as the shear rate increases 
(non-Newtonian behavior). 

All formulas are therefore shear-thinning fluids 
(pseudoplastic behavior). Nevertheless, 3 main 
behaviors stand out:
- �Formulation DPe 044 is the most fluid, and is 

therefore easily sprayable.
- �Formulation DPe 110 and DPe 113 have an 

intermediate viscosity.
- �Formulation DPe 073 provides greater 

resistance to flow: it is the most viscous.  

Bi-gels have also been evaluated through yield stress 
tests (Figure 2) to characterize their viscoelastic 
behavior. 

This test also highlights the different rheological 
behaviors of these bi-gels. 
Formulation DPe 113 has a well-defined flow 
threshold. It exhibits the highest yield stress, closed to 
formulation DPe 073, while the formulation DPe 110 
has an intermediate stress and the DPe 44 formulation 
presents the lowest yield stress (Table 3).

Finally, the sensorial profile (Figure 3) of each  
bi-gel complete the physical characterization. 

Spider diagrams differ regarding thickness, 
spreadability, softness and soft afterfeel criteria. 
However, all Emulfree® Duo based formulations 
provide cooling effect once applied on the skin.
The DPe 044 has the lighter texture with the easiest 
spreading.
Formulation DPe 073 provides the highest thickness, 
with a smoother spreadability, leaving a film residue. 
DPe 110 and DPe 113 show similar sensorial profiles: 
good spreadability, with no tacky nor greasy afterfeel. 

Discussion

Rheological characterization of formulations aims to better understand the microstructure of topical 
formulations and could be an efficient tool in correlation with sensorial analysis3. 
This is the case of formulation DPe 044 and formulation DPe 073. Indeed, formulation DPe 044 has the 
lowest viscosity (Brookfield and flux measurements), and the lowest yield stress. This is corroborated by 
sensory analysis, as DPe 044 has the lowest thickness with the easiest spread. From a sensorial point of 
view, low yield stress is perceived as very fluid behavior and therefore easy to spread. This formulation is 
therefore ideal for spraying on a large surface or on hard-to-reach surfaces such as the back.
Formulation DPe 073 has the highest viscosity (Brookfield and flux measurements), and high yield stress. 
Sensory analysis translates these same characteristics: the highest texture and the lowest spreading 
capacity. Formulation DPe 073 is hence ideal for localized anti-inflammatory treatment.  
Formulation DPe 110 and DPe 113 have an intermediate viscosity (Brookfield and flow measurements) 
with is correlated to the thickness determined by sensorial analysis. However, DPe 113 displays the 
highest yield stress, which tends to be perceived as thicker while sensorial analysis points out its thin 
texture with good spreadability property. 
Nevertheless, their creamy textures, with no tacky or greasy afterfeel, make bi-gels DPe 110 and DPe 113 
ideal formulas for versatile applications.

1 �Meenu Sreekumar et al.  Bigels: An Updated Review J. Pharm. Sci. & Res. Vol. 12(10), 
2020, 1306-1308 

2 �Ahmad Shakeel et al. Bigels and multi-component organogels: An overview from 
rheological perspective, Food Hydrocolloids, Volume 111, 2021, 106190

3 �M. Rossano et al.: Advanced rheological characterization of topical products: an 
accurate tool to discriminate and optimize formulations, Skin and Formulation 
Congress, 2023 

Results and discussion
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Introduction

Conclusion

Emulfree® Duo enables the creation of bi-gels, with a palette of texture and various rheological behaviors, 
proposing an innovative form to pharmaceutical topical dosage vehicles. The rheological, macro/
microscopic and sensory characterization of the bi-gels finely map these formulas and thus offer the best 

dosage form regarding the surface to be treated: from the spray, for large or difficult to access areas, to a 
more viscous formula for better targeted application. Lavender essential oil can therefore be administered 
in various bi-gel textures to better meet patient’s expectations and constraints.
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Table 1. List of raw materials. 

Table 2. Composition and characteristics of four Emulfree® Duo base bi-gels. 

Figure 1. Flow curves of bi-gels.

Figure 2. Yield stress curves of bi-gels.

Figure 3. Sensorial analysis of bi-gels.

Table 3. Flow threshold of Emulfree® Duo bi-gels.


