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Abstract
Most edible oils in spite of all proven health benefits are chemically unstable and sensitive to
oxygen, light, moisture, and temperature. Hence, microencapsulation of active ingredients and
their delivery needs to be employed to stabilize the oil in order to fix the problem. On the other
hand, lipophilic drugs could not be encapsulated with water-soluble polymers as shell materials.
To overcome this problem, olive oil which contains essential vitamins, fatty acids, and other
natural nutrients, is used as a solvent of these hydrophobic drugs.
The present study aims at synthesizing gelatin A–sodium alginate complex coacervates and
encapsulation of olive oil in the polymer system. Optimization of different reaction parameters
such as pH and ratio between the polymers and cross-linker concentration was carried out to attain
higher product yield. The optimum ratio between gelatin and alginate and pH value in this study
was set to 3.5 and 3.6, respectively. Microcapsules were crosslinked by glutaraldehyde and sodium
tripolyphosphate (TPP). Optical microscopy studies proved the formation of spherical
microcapsules of different sizes. It was observed that the effect of using TPP as a crosslinker was
acceptable whereas increasing its amount in the case of a constant amount of polymer and oil
caused the interruption of the electrostatic attraction between proteins and polysaccharides.
Therefore substitution of TPP by glutaraldehyde was studied and led to a desirable result. The
optical microscopy analysis showed that the number of microcapsules increased by using
glutaraldehyde as the cross-linker and the size of microcapsules was decreased by decreasing the
amount of oil, polymer, and crosslinker. Moreover, the encapsulation efficiency was increased by
increasing the total amount of oil however it causes more surface oil.
Keywords: Microencapsulation, Olive oil, Complex Coacervation, Gelatin, Sodium alginate,
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Introduction
Encapsulation is a technology for trapping sensitive and valuable materials such as plants
essential oils with a polymeric layer which is called wall material or shell, in order to save
them from degradation and oxidation. Moreover, it is used to control release rate of those
materials under specific conditions and speed[1, 2]. Depending on the size, produced particles
by encapsulation are called by different names. Particles with an average diameter of more
than 5000μm, 1-5000μm and less than 1 μm are called macrocapsules, microcapsules, and
nanocapsules, respectively [3].
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Complex coacervation is one of the most effective and simple methods for encapsulating
active ingredients with high encapsulation efficiency. It usually involves two substances as
wall materials which are biopolymers, usually a protein and a polysaccharide, with opposite
ionic charges in an aqueous system [4]. Complex coacervation is based on electrostatic
interactions between these two biopolymers due to their opposite ionic charges as a result of
pH change [5]. Proteins as the cationic biopolymer are charged positively under their
isoelectric point and the second substance, anionic biopolymer, charged negatively at that
point and in contact with proteins produced coacervates at the pH value between 2-5
depending on biopolymers types [6, 7].
In spite of complex coacervation high efficiency, the microcapsules which are produced by
this method are unsteady and have weak mechanical resistance. To overcome this problem, a
cross-linking agent should be employed in order to strengthen the stability of the wall
structure in order to make it rigid and water-insoluble [8, 9].
Olive oil as a functional food not only contains a high level of monounsaturated fatty acids
(MUFA) but also is rich in phenolic compounds and contains other bioactive components.
These compounds give olive oil some biological properties. The high MUFA levels lead to
decrease the cardiovascular risk factors [10, 11]. On the other hand, lipophilic drugs could not
be encapsulated with water-soluble polymers as shell materials. To overcome this problem,
olive oil which contains essential vitamins, fatty acids, and other natural nutrients, is used as a
solvent of these hydrophobic drugs [12]. Most edible oils in spite of all proven health benefits
are chemically unstable and sensitive to oxygen, light, moisture, and temperature. Hence
microencapsulation of active ingredients and their delivery needs to be employed to stabilize
the oil in order to fix the problem [1].
Experimental
Materials
Gelatin powder, sodium alginate, sodium tripolyphosphate, glutaraldehyde, tween 80 and
glacial acetic acid (all from Merck, Germany) were used in the microencapsulation process.
Olive oil has been obtained from the local market.
Microencapsulation process
An aqueous solution of gelatin and sodium alginate were prepared separately. A specific
amount of olive oil was then added to the gelatin solution which was heated at 60°C under
constant stirring by a mechanical stirrer at 350 rpm. After the complete formation of oil in
water emulsion, sodium alginate solution was added dropwise and the emulsion was allowed
to mix under stirring for another 20 minutes and the PH was then progressively shifted down
to 3.6 by addition of glacial acetic acid, to promote complex coacervation. The solution was
cooled down to 5-10°C [12].
Two different cross-linking agents were then added in this step. A specific amount of crosslinking agent with respect to biopolymer content was added to the main solution slowly under
constant stirring. The temperature was then raised to 40°C and the solution was allowed to
react for another 3 h under constant stirring. The solution was then allowed to cool down to
room temperature while stirring slowly. Finally, the reticulated microcapsules were collected
with centrifuging at 2500 rpm for 5 minutes and oven-dried at 45°C [13].
Results and discussion
The encapsulated microcapsules were first washed quickly with hexane to remove the surface
oil and then were treated with hexane and allowed to mix under constant stirring for about 3h.
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The microcapsules were then filtered out and were dried until their weight becomes constant
[14]. The weight difference between each step was measured gravimetrically. The
encapsulation efficiency (EE), oil loaded and oil content were calculated using Eqs.1, 2 and 3,
respectively:
Eq.1
Eq.2
Eq.3
Table 1. Effect of variation of olive oil loading, polymer and cross-linker type on behavior of
microcapsules.

Experiments formulation
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2
3
4
5
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Sodium
Alginate (g)

TPP
(g)
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2.8
2.8
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2.8
1.4

0.8
0.8
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Encapsulation
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7
7
5
5
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170
170
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95

85
90
89
87
91

90
96
92
94
88

The morphology of the microcapsules was analyzed by optical. An image capture system
coupled to a software was employed to measure the size of microcapsules. The results were
represented in Figure 1.
Morphology investigation
The optical microphotograph of oil loaded microcapsules showed that the microcapsules have
a spherical shape and the size of microcapsules increases with increasing the amount of
polymer. This might happen due to the increase in wall thickness. Also with using tween 80 as
a surfactant the number and size of microcapsules were decreased sharply and microcapsules
become needle-shaped as shown in Figure 1(c). This happens due to non-ionic nature of tween
80 which leads to reduce surface tension and stabilizes the surface area. As it is shown in
Figure 1(b), the number of microcapsules was increased and the size of microcapsules has a
neglectable difference. The effect of using TPP as the cross-linking agent instead of
glutaraldehyde is represented in Figure 1(a, d). It is interesting to note that substitution of TPP
for glutaraldehyde doesn’t have the desired effect on number of microcapsules and
encapsulation efficiency. Due to the presence of sodium ions in TPP solution, the electrostatic
interaction between wall materials was interrupted and led to releasing the previously
encapsulated oil. Moreover, the oil content of both samples was decreased as shown in table
1.
Similarly, with decreasing the olive oil loading, the size of the microcapsules becomes relatively
smaller as it is represented in Figure 1(d) as well as in Figure 1(e) in compare with Figure 1(a),
which is expected due to the increase of oil droplets size with increasing the oil loading in the
emulsion. On the other hand with increasing the oil introduced to the process, the surface of the
microcapsules become sticky and more surface oil was observed.
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The effect of homogenizing speed on the o/w emulsion is represented in Figure 1(f). Due to the
high shear strength, the size of oil droplets was reduced and as a result the size of microcapsules

reduced sharply.
Figure 1. Micrographs of olive oil microcapsules loaded with: a) oil=7 g, polymer=3.6 g, TPP=0.5 g
(sample 1). b) oil=7 g, polymer= 3.6 g, glutaraldehyde=1 g (sample 2). c) oil= 5 g, polymer= 3.6 g,
glutaraldehyde= 0.5 g (sample 3). d) oil=5 g, polymer= 3.6 g, TPP=0.5 g (sample 4). e) oil=2 g, polymer=1.8
g, TPP=0.3 g (sample 5). f) oil= 5 g, polymer= 3.6 g, glutaraldehyde= 0.5 g, homogenized at 10000 rpm for
5 min.
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Effect of different oil loading
With increasing the oil loading, the encapsulation efficiency and oil content were increased.
Table 1. showed the effect of variation of oil loading on encapsulation efficiency and oil
content.
Effect of different polymer concentration
The effect of total polymer concentration is shown in table 1. In spite of encapsulation
efficiency which was increased by increasing the polymer concentration, both oil content and
oil load were decreased in the case of a similar amount of introduced oil.
Conclusions
The microencapsulation of olive oil with sodium alginate and gelatin by complex
coacervation is feasible. Optimizing the gelatin: alginate ratio and also PH value are two
important factors, which in this case were set to 3.5 and 3.6, respectively. It was observed that
the effect of using sodium tripolyphosphate as a crosslinker was not as desirable as the effect
of glutaraldehyde. The encapsulation efficiency was increased by increasing the total amount
of oil however it causes more surface oil. Homogenizing the o/w emulsion leads to produce
smaller microcapsules with invariable size distribution.
Acknowledgements
The authors gratefully acknowledge the financial supports by research department of Tarbiat
Modares University for the research.

References
[1] de Matos, E.F., B.S. Scopel, and A. Dettmer, Citronella essential oil microencapsulation
by complex coacervation with leather waste gelatin and sodium alginate. Journal of
Environmental Chemical Engineering, 2018. 6(2): p. 1989-1994.
[2] Risch, S.J., Encapsulation: overview of uses and techniques. 1995, ACS Publications.
[3] King, A.H., Encapsulation of food ingredients: a review of available technology, focusing
on hydrocolloids. 1995, ACS Publications.
[4] Santos, M.G., et al., Microencapsulation of xylitol by double emulsion followed by
complex coacervation. Food chemistry, 2015. 171: p. 32-39.
[5] Sing, C.E., Development of the modern theory of polymeric complex coacervation.
Advances in colloid and interface science, 2017. 239: p. 2-16.
[6] Eghbal, N. and R. Choudhary, Complex coacervation: Encapsulation and controlled
release of active agents in food systems. Lwt, 2018. 90: p. 254-264.
[7] Nagpal, K., S.K. Singh, and D.N. Mishra, Chitosan nanoparticles: a promising system in
novel drug delivery. Chemical and Pharmaceutical Bulletin, 2010. 58(11): p. 1423-1430.
[8]Dong, Z.-J., et al., Optimization of cross-linking parameters during production of
transglutaminase-hardened spherical multinuclear microcapsules by complex coacervation.
Colloids and Surfaces B: Biointerfaces, 2008. 63(1): p. 41-47.
[9] Prata, A.S., et al., Release properties of chemical and enzymatic crosslinked gelatin-gum
Arabic microparticles containing a fluorescent probe plus vetiver essential oil. Colloids and
Surfaces B: Biointerfaces, 2008. 67(2): p. 171-178.
[10] Fernandez-Jarne, E., et al., Risk of first non-fatal myocardial infarction negatively
associated with olive oil consumption: a case-control study in Spain. International Journal of
Epidemiology, 2002. 31(2): p. 474-480.

The 11th International Chemical Engineering Congress & Exhibition (IChEC 2020)
Fouman, Iran, 15-17 April, 2020

[11] Covas, M.-I., V. Konstantinidou, and M. Fitó, Olive oil and cardiovascular health.
Journal of cardiovascular pharmacology, 2009. 54(6): p. 477-482.
[12] Devi, N., et al., Study of complex coacervation of gelatin A and sodium alginate for
microencapsulation of olive oil. Journal of Macromolecular Science, Part A, 2012. 49(11): p.
936-945.
[13] Rojas-Moreno, S., et al., Effect of the cross-linking agent and drying method on
encapsulation efficiency of orange essential oil by complex coacervation using whey protein
isolate with different polysaccharides. Journal of microencapsulation, 2018. 35(2): p. 165-180.
[14] Wang, B., B. Adhikari, and C.J. Barrow, Optimisation of the microencapsulation of tuna
oil in gelatin–sodium hexametaphosphate using complex coacervation. Food chemistry, 2014.
158: p. 358-365.

