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Personal cleansing products must balance efficient removal of oily skin contaminants, such as sebum and makeup, with good
sensory usability. As modern formulations become increasingly long-lasting and resistant, there is a growing need for systems
combining high cleansing efficiency with mildness and pleasant texture. In this context, oil foams are attracting increasing
interest for applications in cosmetics, food and pharmaceutical formulations, as they combine the strong solubilizing capacity of
oils with the light texture and spreadability of foams [1]. However, oil foams remain poorly understood. Most reported
oleofoams rely on crystalline surfactants or particles for stabilization, typically based on sorbitan esters or sucrose esters, often at
high concentrations [2,3]. Although recent studies have shown that stable oil foams can also be obtained using molecular
surfactants [4], the mechanisms governing foam formation and stability remain largely unclear, particularly regarding the role of
surfactant self-assembly in the bulk oil phase and at the air/oil interface.

In this work, we investigate oil foams stabilized by polyglycerol fatty acid esters (PGs), a versatile class of non-ionic surfactants
widely used in cosmetic formulations. Their well-defined and tunable chemical structure enables a systematic investigation of
the relationship between molecular architecture and foaming properties. In particular, key structural parameters such as alkyl
chain length, degree of unsaturation, and headgroup size can be independently varied.

A multiscale experimental approach is employed to elucidate the stabilization mechanisms of oil foams. Bulk self-assembly and
phase behavior are characterized by small-angle X-ray scattering as a function of temperature, oil composition and surfactant
structure. These results are correlated with interfacial properties probed by surface tension measurements and X-ray reflectivity,
as well as with thin film stability and interfacial rheology. Finally, macroscopic foaming tests are performed to establish
structure-property relationships across scales.

Our results reveal strongly contrasted foaming behaviors depending on both the oil phase and the chemical structure of the PGs.
Foam formation and stability are shown to be directly governed by the nature of the surfactant self-assemblies present in the
bulk oil phase, which are highly sensitive to oil composition. In particular, the size of the polyglycerol headgroup emerges as a
key parameter controlling self-assembly pathways, interfacial mechanical properties and ultimately foaming performance. This
work provides new insights into the rational design of oil foams and highlights the central role of bulk self-assembly in
non-aqueous foaming systems.
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