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Since the second half of the last century, the science of colloids has undergone a
true revolution, from being little more than a collection of qualitative observations of the
macroscopic behavior of some complex systems to becoming a discipline with substantial
theoretical foundations. Almost all experimental techniques and theoretical procedures,
both from a physical and chemical point of view, have been applied to the study of colloidal
aggregates. These facts allow us to form a general idea of the complexity that these
systems contain.

One of the most critical colloidal systems is those substances that, under certain
circumstances, can associate to give rise, in solution, to aggregates made up of many
units and that, in many cases, self-assemble (surfactants in solution). These systems are
characterized by the fact that the contact area between the aggregates that form and the
medium that contains them is relatively large. Another interesting aspect is that these
aggregates can take many forms, depending on the conditions in which they were formed
or the structure of the units that form them. Thus, we have micelles, vesicles, bilayers,
lamellae, microemulsions, and nanoemulsions (see Figure 1). Of course, all of them have a
great interest in practically all scientific and technological development fields.

Specifically, the characteristics presented by these structures in which there is a separa-
tion into two domains (the hydrocarbon region with a marked hydrophobic character and
a highly polar aqueous solution) are used to reproduce "in vitro" certain biological aspects,
such as chemical reactions that take place at the cellular level, the movement of substances
through membranes, and the properties of water trapped in restricted media. Specifically,
the study of micellar systems, microemulsions, or synthetic vesicles has experienced a
robust boom in the last fifty years, in such a way that this area of research has acquired its
name and is known as biomimetic chemistry [1].

Additionally, the great interest in these compounds should be highlighted due to
their ability to solubilize many compounds with very different hydrophobic/hydrophilic
properties. For this reason, colloidal aggregates constitute an alternative reaction medium
to phase transfer catalysis systems, facilitating the reaction between substances insoluble
in water with others highly soluble in this medium [2,3]. Thus, these systems can act as
chemical reactors. Their great capacity to concentrate reagents in a small volume (including
ionic reagents associated with the surfactants’ heads) gives them a remarkable catalytic
capacity [4–6]. On the other hand, different hydrophobic/hydrophilic domains can cause
the physical separation of the reagents, causing significant inhibition of chemical reactions.

In addition, the structure of these self-aggregates is variable, so we could "design" the
reaction medium, turning it into a scalable chemical nanoreactor [7–9]: we can change the
micellar volume, the radius of the microemulsion droplet, or the size of the vesicle without
the need of a synthetic manipulation, solely varying the surfactant concentration or any
of the components, adding reagents that act as cosurfactants, or modifying the packag-
ing/packing parameters of these systems. In this way, one could speak of nanoreactors
that provide a reaction medium with specific and modulable characteristics, which can
resemble biological systems [10,11].
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reactors that provide a reaction medium with specific and modulable characteristics, 
which can resemble biological systems [10,11]. 

 
Figure 1. Structure of different self-assembled microheterogeneous aggregates. 

Thus, microemulsions and nanoemulsions are likely to play a much more critical 
role in our future industries and daily lives, driven by the increasing importance of en-
ergy, environmental concerns, demand for food additives and natural preservatives, and 
stringent provisions, regulations, and standards for the approval of any artificial food 
ingredient. Incorporating microemulsions and nanoemulsions loaded with bioactive 
compounds into more realistic environments, such as food matrices, and evaluating their 
behavior under different process conditions may give some more practical hints to the 
food and beverage industry. Future research is also likely to address other features such 
as the simultaneous encapsulation of bioactive compounds in foods, simulation of di-
gestion/absorption, and organoleptic characteristics of developed formulations to assess 
overall product acceptance by consumers. In addition, in vivo studies are of great im-
portance in advancing the understanding of the functionality of bioactive compounds 
under realistic gastrointestinal conditions [12]. 

Research must also consider the reagents incorporated into their formulation to ex-
tend their duration with time and the influence of various factors (daylight, temperature, 
UV radiation, and oxygen) on the oxidation extent of nanodroplets in emulsions [13]. 
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Figure 1. Structure of different self-assembled microheterogeneous aggregates.

Thus, microemulsions and nanoemulsions are likely to play a much more critical role
in our future industries and daily lives, driven by the increasing importance of energy, en-
vironmental concerns, demand for food additives and natural preservatives, and stringent
provisions, regulations, and standards for the approval of any artificial food ingredient.
Incorporating microemulsions and nanoemulsions loaded with bioactive compounds into
more realistic environments, such as food matrices, and evaluating their behavior under
different process conditions may give some more practical hints to the food and beverage
industry. Future research is also likely to address other features such as the simultaneous
encapsulation of bioactive compounds in foods, simulation of digestion/absorption, and
organoleptic characteristics of developed formulations to assess overall product acceptance
by consumers. In addition, in vivo studies are of great importance in advancing the un-
derstanding of the functionality of bioactive compounds under realistic gastrointestinal
conditions [12].

Research must also consider the reagents incorporated into their formulation to extend
their duration with time and the influence of various factors (daylight, temperature, UV
radiation, and oxygen) on the oxidation extent of nanodroplets in emulsions [13].
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