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A B S T R A C T

Bioactivities and numerous health benefits against a number of oxidative stress related diseases have been at-
tributed to the role of dietary antioxidants. The development of physical (spray drying, lyophilization, super-
critical fluid precipitation and solvent evaporation), physico-chemical (coacervation, liposomes and ionic ge-
lation) and chemical encapsulation techniques (interfacial polymerization and molecular inclusion
complexation) enable to obtain healthier and acceptable bioactive compounds. This review focuses on the im-
pacts of microencapsulation techniques on the encapsulation characteristics of food antioxidants. Additionally,
this study also provides detailed information on the principles, effective parameters, advantages, disadvantages
and applications of microencapsulation techniques.

1. Introduction

Antioxidants as food preservatives have gained an increasing at-
tention as they prevent foods from deterioration occured through oxi-
dation, reduce loss of nutritional value and energy contents, allow
freshness by ensuring flavours, odours, colour pigments, taste and
texture. Consequently, numerous health benefits in reducing cancer,
cardiovascular and neurological diseases as well as anti-inflammatory,
antibacterial, anti-allergic, anti-hypertensive, antiviral and skin wound
healing effects have been attributed to the role of dietary antioxidants
(Alvarez-Suarez et al., 2016; Ballesteros, Ramirez, Orrego, Teixeira, &
Mussatto, 2017; Giampieri et al., 2013). Various food antioxidants have
been classified into different categories based on their chemical struc-
ture and functions: water soluble bioactives including citrates, norbixin,
betalains, most of the phenolics, flavanoids and anthocyanins, and lipid
soluble components such as carotenoids, tocopherols, terpenoids and
vitamin E (Carocho, Morales, & Ferreira, 2017).

The relevant antioxidant activities of bioactive substances may be
hampered due to their degradation triggered by light, oxygen, tem-
perature, moisture and existence of unsaturated bonds in the molecular
structures. Thus, microencapsulation with an appropriate carrier is an
alternative technology for enhancing the storage and enviromental
stability of bioactives as well as giving an advance to mask off-flavour,
bitter taste and astringency of polyphenols (Ballesteros et al., 2017).
Accordingly, investigating the effects of microencapsulation techniques

on food antioxidants is of great importance.
Microencapsulation is a process of packaging solids, liquids, or

gaseous materials as active material with a continuous film as a coating
to form capsules in micrometer to millimeter in size (Tyagi, Kaushik,
Tyagi, & Akiyama, 2011). Microencapsulation techniques are classified
into three groups (Tyagi et al., 2011): (i) physical methods such as
spray drying, lyophilization, supercritical fluid precipitation and sol-
vent evaporation; (ii) physico-chemical methods including coacerva-
tion, liposomes and ionic gelation; (iii) chemical methods such as in-
terfacial polymerization and molecular inclusion complexation (See
Table 1).

The aim of the present review is to provide a critical evaluation
based on the effects of different microencapsulation technologies on
food antioxidants. In order to achieve this purpose, studies investigating
the effect of encapsulation on the antioxidant capacity, stability, solu-
bility and retention of bioactive compounds were covered.
Furthermore, the principles, effective parameters in the methodology,
advantages, disadvantages and potential application fields of each
method are highlighted.

2. Physical methods

2.1. Spray drying

Spray-drying is an encapsulation technique related with the
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