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A B S T R A C T   

Due to the bioactivity of omega-3 fatty acids, mainly eicosapentaenoic and docosahexaenoic fatty acids (EPA and 
DHA, respectively), and their high susceptibility to oxidation, the microencapsulation of sources rich in these 
bioactive compounds is being applied as a stabilization strategy, being required to adjust formulation variables of 
the process to get microcapsules with desirable characteristics. Thus, the objective of this study was to stablish 
most appropriate chitosan concentration and homogenization technique of chitosan-maltodextrin emulsions of 
fish oil to achieve suitable microcapsules of omega-3 fatty acids with high quality characteristics and in vitro 
bioaccessibility of EPA and DHA. For that, spray-dried microcapsules from fish oil emulsions with different 
chitosan concentration (1%, 1.25% and 1.5%) and homogenized with high-pressures or ultrasounds were 
elaborated. In general, all batches showed appropriate quality characteristics in emulsions and microcapsules. 
However, the studied variables (chitosan concentration and homogenization techniques) significantly influenced 
most of the evaluated properties (pH, creaming index, viscosity and density of emulsions; efficiency, lipid 
oxidation, particle size, morphology, and EPA and DHA quantity and release during in vitro digestion in mi
crocapsules), being noted that the use of 1.5% chitosan and homogenization by ultrasounds enhanced the 
emulsion stability and efficiency, oxidation stability, particle size, and concentration and in vitro bioaccessibility 
of EPA and DHA in microcapsules. Then, these conditions may be stablished to get suitable microcapsules of 
omega-3 fatty acids with high quality characteristics and in vitro bioaccessibility of EPA and DHA.   

1. Introduction 

Omega-3 fatty acids (ω-3 FA), especially eicosapentaenoic and do
cosahexaenoic acids (EPA (C20:5 ω-3) and DHA (C22:6 ω-3), respec
tively), have been linked to several beneficial effects, including 
amelioration of cardiovascular incidents, improvements in long-term 
memory and normal brain functioning (Chen et al., 2013). Fish, sea
food, and algae are the main natural sources of EPA and DHA. However, 
these foods are not consumed in sufficient amounts to reach the rec
ommended intake of these bioactive compounds: around 250 mg for 
EPA plus DHA/person/day (EFSA, 2010). 

The addition of bulk or emulsified oils rich in ω-3 FA to foods is 
problematic, due to their high susceptibility to oxidation, and the 
negative impact on the flavor and taste of the added food products, 
which can be avoided by microencapsulation (Pérez-Palacios et al., 
2022a). This technique has been proved to be an excellent tool for 

stabilization of bioactive compounds (Bajaj et al., 2021; Solomando 
et al., 2019) and inclusion of compounds in food matrices (Chindapan 
et al., 2018). It provides a physical barrier around the micro
encapsulated compounds, reducing the contact and reactivity of the 
encapsulated material with the environment (Gharsallaoui et al., 2007), 
prevents negative effect on the sensory profile of the product, controls 
the release and enhances the absorption of microencapsulated com
pounds (McClements et al., 2007). 

Spray-drying is the most preferred techniques for microencapsula
tion of oils rich in ω-3 FA. It is simple, flexible, rapid, low operating cost, 
easy scaling-up, and allows a large-scale production in continuous mode. 
Moreover, spray-drying has a large equipment availability, and it is 
considered a clean technology (avoids the utilization of organic sol
vents). The production of microcapsules starts with the preparation of an 
oil emulsion, which is subsequent spray-dried by means of different 
steps (atomization, dehydration, separation, and recovery) to finally 
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microcapsules with 1.25% and 1.5% chitosan and in HP microcapsules 
with 1.5% chitosan. These results are quite in concordance with that 
published by other authors (Chang et al., 2018; Solomando et al., 2020), 
who found lower fish oil release in oral and gastric phases and higher in 
the intestinal phase in microcapsules containing chitosan as wall ma
terial than their counterpart without chitosan. Ghaffarian et al. (2016) 
have also reported a release reduction under gastric condition by coating 
with 0.5% chitosan. This effect has been attributed to the protective 
effect of chitosan coating by enclosing the droplets within the core 
throughout a three-dimensional linkage (Mun et al., 2006) and it can 
also be related to the electrostatic characteristics of chitosan at different 
pH. At the acidic conditions in the gastric phase (pH between 1 and 3), 
chitosan tends to be positively charged while pepsin has negative 
charge. At pH above 6.5, in the intestinal phase, the chitosan losses the 
positive charge and pancreatin has negatively-charged lipase (Chang 
et al., 2018; Hur et al., 2011; McClements & Li, 2010). Thus, during the 
gastric digestion, it may take place a high electrostatic interaction be
tween the chitosan and the lipid drops, decreasing the amount of 
exposed lipid surface, and between chitosan with pepsin, suppressing its 
enzymatic activity. During the intestinal digestion phase, these elec
trostatic interactions diminish, which may enhance the release of the 
lipid molecules and the activity of the pancreatic lipase. Regarding the 
homogenization technique, a bit lower release of EPA and DHA were 
found in US samples, which may be related to the more homogeneous 
and lower particle size in these microcapsules, leading to a higher su
perficial that is accessible for the enzymes. Besides, Fig. 5 exposes the 
percentage of EPA and DHA released at the end of each digestion phase 
in relation to the initial content, to finally evaluate the in vitro bio
accessibility of these fatty acids in each type of microcapsules. The 
lowest percentages of EPA and DHA released at the end of the oral and 
gastric phases were found in US 1.5% chitosan, and US 1.25% chitosan 
and US 1.5% respectively. These samples also obtained the highest 
percentage at the intestinal phase, thus, having the highest in vitro 
bioaccessibility for EPA + DHA. It is also noted a high percentage of EPA 
and DHA released in HP microcapsules with 1.5% chitosan. 

4. Conclusions 

Fish oil emulsions with maltodextrin and different chitosan con
centration (1%–1.5%) as wall material and homogenized with high- 
pressures or ultrasounds can be used to obtain omega-3 stable micro
capsules with appropriate quality characteristics. However, the chitosan 
concentration and homogenization procedure significantly influenced 
the properties of both emulsions and microcapsules. Thus, the use of 
1.5% chitosan and homogenization by ultrasounds enhance the emul
sion stability and efficiency, oxidation stability, size distribution, and 
concentration and in vitro bioaccessibility of EPA and DHA in micro
capsules. Then, these conditions may be stablished to get suitable mi
crocapsules of ω-3 FA with high quality characteristics and in vitro 
bioaccessibility of EPA and DHA, which confirms the hypothesis put 
forward at the beginning of the study. 
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