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Abstract: Due to the beneficial health effects of omega-3 fatty acids and antioxidants and their lim-
ited stability in response to environmental and processing factors, there is an increasing interest in
microencapsulating them to improve their stability. However, despite recent developments in the
field, no specific review focusing on these topics has been published in the last few years. This work
aimed to review the most recent developments in the microencapsulation of fish oil and natural
antioxidant compounds. The impact of the wall material and the procedures on the quality of the
microencapsulates were preferably evaluated, while their addition to foods has only been studied in
a few works. The homogenization technique, the wall-material ratio and the microencapsulation
technique were also extensively studied. Microcapsules were mainly analyzed for size, microen-
capsulation efficiency, morphology and moisture, while in vitro digestion, flowing properties, yield
percentage and Fourier transform infrared spectroscopy (FTIR) were used more sparingly. Findings
highlighted the importance of optimizing the most influential variables of the microencapsulation
procedure. Further studies should focus on extending the range of analytical techniques upon which
the optimization of microcapsules is based and on addressing the consequences of the addition of
microcapsules to food products.
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1. Introduction

Microencapsulation technology arose in the 1950s from the development of dye cap-
sules to be incorporated into paper [1]. Currently, microencapsulation can be defined as a
set of technologies aiming to protect sensitive compounds from the external environment
and further control their release. For that, the labile compounds, constituting what is known
as the core, are entrapped by being surrounded by a shell material (the wall). Microencap-
sulation has been mainly applied in the pharmaceutical industry, followed in decreasing
order by food, cosmetic, textile, biomedical, agricultural and electronic sectors [2].

Microencapsulation of bioactive compounds has attracted the attention of food re-
searchers and industries since most of those compounds (e.g., polyunsaturated fatty acids
(PUFASs), antioxidants, vitamins and probiotic bacteria) have limited stability on exposure
to environmental factors such as heat, oxygen and light. Besides overcoming stability
problems, this technique reduces the perception of possible off-flavors or colors from
the encapsulated material; facilitates storage; extends shelf life without adverse influ-
ence on the physical, chemical or functional properties of food products; and is of easy
application in the food industry (typically it simply involves a powder addition during
mixing of ingredients), cheap and scalable [3]. Most relevant reviews in the last few years
about microencapsulation of bioactive compounds in the food area have focused on a
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from tomato peels for functionalization in dressing samples, which showed increased
antioxidant activity and typical solid-like behavior in the rheological tests.

8. Conclusions

The latest developments in the microencapsulation of fish oil and natural antioxidants
have mainly evaluated the impact of the wall material and the procedure variables on the
quality of the microencapsulates, while their addition to foods has been studied in few
works.

Three main types of polymers have been used for microencapsulation of fish oil and
antioxidants: saccharides, which were the most used, followed by animal and vegetable pro-
teins. Whey protein isolate or concentrate and maltodextrin have been predominantly used
in most recent studies; however, their uses have been devoted to comparison and/or com-
bination with less-tested materials, such as cellulose, inulin, fish protein isolate, chitosan,
soy protein isolate, zein, alginates, starch, gelatin and sucrose.

As for the procedure variables, studies have principally focused on the optimization
of the homogenization technique of emulsion dissolution and the wall material ratio and
the comparison of different microencapsulation techniques, with spray drying being the
most used.

Few recent studies have evaluated the effect of adding fish oil and natural antioxidant
microcapsules to food products, and these studies have been aimed at the influence on
sensory quality and antioxidant properties, respectively.

The quality evaluation of the fish oil and natural antioxidant microcapsules has been
assessed in most studies by determining size, microencapsulation efficiency, morphol-
ogy, and moisture, as well as oxidation stability in the case of fish oil microcapsules and
antioxidant properties, solubility and release for microcapsules of natural antioxidants.
Nevertheless, valuable parameters such as flowing properties, yield percentage, bioaccessi-
bility and biodisponibility have been used to a lesser extent. In addition, techniques widely
used in other fields, such as NMR and FTIR, have been applied to evaluate some properties
of microcapsules.

Thus, the advancements shown in recent studies on fish oil and natural antioxidant
microcapsules have demonstrated the importance of evaluating the impact of using new
materials or techniques on the quality of the obtained powders and optimizing the most
influential variables of the procedure. Further studies should improve the selection of the
quality analysis parameters for the microcapsules and consider the additional influence of
the microcapsules on food products, paying special attention to the wall material that best
matches each food matrix type.
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