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Abstract
Acrocomia aculeata (Jacq.) Lodd. shows possibilities for pharmaceutical, food and chemical use.
However, its application is limited due to the loss of its bioactive components. Microencapsulation
may be an alternative to reduce such problems. A step-by-step optimization approach was used in
this work for preservation of bioactive compounds. The applied technique to microencapsulate
the Acrocomia aculeata oil was efficient, producing between 64% and 99% of microcapsules and
59% to 97% of encapsulated oil. In the experimental design, temperature was the parameter that
significantly influenced the carotenoids of microcapsules. Complex coacervation helped to preserve carotenoids and the antioxidant activity, and an interaction between the temperature and
the content was observed for such preservation.
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1. Introduction
Acrocomia aculeata (Jacq.) Lodd. is a palm tree belonging to the Arecaceae family [1], popularly known as bo*
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caiuva, macaúba, coco-babão, bacaúva, mocajuba, macaíba, and it is found in tropical regions, occurring abundantly in the Brazilian savanna [2]. Studies on its nutritional composition show that bocaiuva is rich in lipids,
carbohydrates and fibers [3]-[5], in addition to contribute source for carotenoids and fatty acids, with an emphasis on β-carotene in the oil [4] [6].
However, one of the major technological difficulties in relation to oils and bioactive components is their preservation, since most part of these components reacts with heat and oxygen [7]. Among the techniques employed
to extend the stability of oils and other bioactive components is microencapsulation [8]. Several techniques have
been used to elaborate microcapsules, such as: complex coacervation [9], spray drying [10], ionic gelation [11],
among others.
The coacervation method has been employed due to the simple procedures involved to obtain the microcapsules, which protect the encapsulated material from adverse conditions, such as, pH, light, temperature, enzymes,
among others. This technique also enables the controlled release of encapsulated compounds [12]-[14].
Considering that many of the bioactive compounds present in the fruit from Acrocomia aculeata are susceptible to degradation and thus, to the loss of interesting properties and biological activities, the microencapsulation
technique may favor the preservation of such compounds and facilitate their application in food, pharmacological, cosmetic and other products.

2. Experimental
2.1. Materials
The ripe fruits from Acrocomia aculeata (Jacq.) Lodd. were collected at Foundation MS, in the district of Maracaju-Mato Grosso do Sul, latitude 21˚36'52'' and longitude 55˚10'06'', 384 m of altitude, during the period from
December 2011 to January 2012. The pulp was previously dehydrated at 40˚C in a tray dryer (NG Científica)
with a 0.5 m/s airflow for 72 h. The oil was extracted from the pulp by cold pressing in an expeller-type press
(Ecirtec MPE-40P). After their extraction, the oils were centrifuged at 1500 rpm for 15 min. As the encapsulating agents, gelatin (Fluka Analytical) and gum arabic (Vetec) were used.

2.2. Microencapsulation
The microcapsules were produced according to the method described by Alvim and Grosso [15], using full factorial design (Table 1). The microcapsules were produced using as wall material gelatin and gum arabic solutions at a concentration of 2.5 g·mL−1. To create the content, the Acrocomia aculeata oil was used, at the following concentrations: 5 g, 7.5 g and 10 g·mL−1, where the gelatin solution at 40˚C, 60˚C and 50˚C was mixed
with the Acrocomia aculeata oil (content) and homogenized in Ultraturrax (Marconi MA-102) for 1 min (at a
Table 1. Yield and efficiency of the microencapsulation and size of the Acrocomia aculeata oil microcapsules obtained by
complex coacervation, under different processing conditions.
Variables

Responses

Test

Content (g)

Temperature (˚C)

Speed (rpm)

Encapsulation Efficiency (%)

Yield (%)

Size (µm)

1

5 (−1)

40 (−1)

12,000 (−1)

68.44 ± 1.00a

69.55 ± 8.46ac

238.51a

2

10 (1)

40 (−1)

12,000 (−1)

89.92 ± 2.14bc

94.65 ± 7.06bd

384.99a

3

5 (−1)

60 (1)

12,000 (−1)

86.41 ± 2.77b

82.24 ± 2.74ab

277.14a

4

10 (1)

60 (1)

12,000 (−1)

59.77 ± 1.37e

88.25 ± 5.92bd

382.65a

5

5 (−1)

40 (−1)

18,000 (1)

87.67 ± 2.14b

90.05 ± 4.72bd

439.18a

6

10 (1)

40 (−1)

18,000 (1)

76.36 ± 1.53f

64.50 ± 1.89c

639.57b

7

5 (−1)

60 (1)

18,000 (1)

97.86 ± 1.29d

95.89 ± 3.15d

265.91a

8

10 (1)

60 (1)

18,000 (1)

93.72 ± 1.92cd

96.61 ± 0.46d

320.37a

9

7.5 (0)

50 (0)

15,000 (0)

94.19 ± 3.46cd

99.02 ± 1.21d

320.49a

Equal letters on the same column are not significantly different among themselves on a 5% level on Tukey’s Test.
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speed of 12,000, 15,000 and 18,000 rpm). The emulsion was added to the gum arabic solution at 40˚C, 60˚C and
50˚C, and then, 400 mL of deionized water was added at the same temperature (40˚C, 60˚C and 50˚C), keeping
the entire process under magnetic stirring (Marconi MA-085), pH was adjusted to reach pH 4.0, using HCl 2.5
and 0.1 mol·L−1 solutions. After the pH adjustment, the solutions containing the microcapsules were cooled
down, using an ice bath to gradually cool down the system, kept under slow and constant magnetic stirring, up
to the point the temperature reached approximately 10˚C. After the microcapsules were decanted, the system
was kept in the refrigerator. All the assays were conducted in triplicates.

2.3. Encapsulation Efficiency
The encapsulation efficiency (EE) of Acrocomia aculeata oil was determined by quantifying the oil contained by
the microcapsules in relation to the original amount used to produce the particles, expressed as percentage Equation (1). The amount of content encapsulated by the produced coacervated microparticles, according to the full
factorial design, was determined by the total lipid content, according to the Bligh and Dyer method, with some
adaptations [16].

=
EE ( % )

oil ( g ) particle in drybase ( g )
oil ( g ) total initial solid ( g )

× 100

(1)

2.4. Process Yield
The microencapsulation process yield was calculated through the weight of the obtained phases, after a minimum resting period of 12 h in the refrigerator at 4˚C. After coacervation, the produced and precipitated capsules
were centrifuged (15,000 rpm/5min), separated and weighted. The moisture content of the microparticles was
determined using a gravimetric method in an incubator with air circulation according to the AOAC [17]. The
microencapsulation process yield was calculated as the percentage of precipitated dry material in relation to the
initial dry mass (sum of the mass of polymers in dry base and the oil content used).

2.5. Morphology and Size of Microcapsules
The morphology and size of microcapsules were observed by optical microscopy (Carl Nikon Eclipse-200), assisted by the Image Pro Plus 4.0 software to obtain the images. To calculate the diameter, 150 particles were
measured for each formulation using the same software previously mentioned [13].

2.6. Determining the Antioxidant Activity Using the ABTS• Method
The determinations as to the ability to eliminate the ABTS• (2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt) free radicals were conducted according to the methodology described by Rufino et al.
[18]. A standard curve was prepared using Trolox (6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid)
as the standard at different concentrations (100, 500, 1000, 1500 and 2000 µM·L−1). The reaction solutions containing 30 µL of the extract of microcapsules and 3 mL of reagent (potassium persulfate 2.45 mM·L−1 with
ABTS• 7 mM·L−1) were incubated at 30˚C for 6 min, and the reading were made by a spectrophotometer
UV-VIS (Varian-Cary 50) at a 734 nm absorbance. The inhibition concentration was calculated in relation to the
Trolox standard curve. The results were expressed in µg Trolox/g of the sample. The analyses were conducted in
triplicates.

2.7. Total Polyphenol Content
The total polyphenol contents from the samples were analyzed according to the spectrophotometry method by
Folin-Ciocateau described by George et al. [19] using gallic acid as the standard. In test tubes, 0.5 mL of the extract from microcapsules were diluted in 2.5 mL of the aqueous solution from the Folin-Ciocalteau’s reagent
(10%), adding 2.0 mL of sodium carbonate aqueous solution (7.5%), which were incubated in water bath at
50˚C for 15 min, and then cooled down using an ice bath; the absorbance readings were performed by a spectrophotometer (Varian-Cary 50) at 760 nm. Results were expressed as gallic acid equivalent in mg·g−1 of the
sample.
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2.8. Total Carotenoids
The total carotenoids were determined according to the method described by Carvalho, et al. [20] between 1.5 g
and 5 g of the sample was to extract the carotenoids, successive macerations were applied using 50 mL of refrigerated acetone. The extracts were evaluated through spectrometry using a 450 nm absorbance. In order to calculate the total carotenoid concentration (Ct), Equation (2) was used.

 μg 
Abs × V × 104
Ct   =
1%
 g  E1cm × msample

(2)

where, Abs is the absorbance in the maximum absorbance peak, V is the sample’s final volume (mL), msample is
the sample mass (g), E1cm1% is the extinction coefficient (β-carotene = 2592 in petroleum ether).

2.9. Statistical Analysis
The results of the characterization of microcapsules, and the evaluation of bioactive compounds were submitted
to variance analysis (ANOVA), and to compare the means, Tukey’s test (p ≤ 0.05) was conducted, using the Statistic software (Statsoft).

3. Results and Discussion
3.1. Obtaining the Microcapsules
Complex coacervation occurs under extremely specific conditions for polymeric peers have a balance of produced loads, among other factors, such as by the fine-tuning of pH, obtaining a high yield of microcapsules.
Thus, the coacervate is formed as a precipitate, and this precipitate is responsible for capturing the oil during the
coacervated phase [21].
In order to promote a more efficient coacervation, the temperature, homogenization speed and morphology
variables were evaluated. The study was conducted using samples obtained at different core concentrations (5,
7.5 and 10 g·mL−1), since the formulations offer a greater separation into phases, determined by greater sediment
mass and a less turbid supernatant. The formation of a large amount of coacervated mass does not necessarily
mean that the oil was encapsulated, and it is necessary to evaluate the encapsulation efficiency.

3.2. Encapsulation Efficiency
Applying the complex coacervation technique to microencapsulate the Acrocomia aculeata oil was efficient,
producing around 59.77% to 97.86% of microcapsules (Table 1). The encapsulation’s efficiency corroborated
with this yield. Wieland-Berghausen et al. [22] reported that the active-polymeric material proportion was an
important factor for the encapsulation’s efficiency. By reducing the content’s concentration, the chance of the
polymers to cover the material’s droplets is increased, which allows greater efficiency. In addition, they verified
that the efficiency increases in more viscous systems in relation to the encapsulated material. That explains the
high efficiency observed to form the Acrocomia aculeata oil microcapsules.

3.3. Process Yield
Applying the complex coacervation technique to microencapsulate the Acrocomia aculeata oil was efficient,
producing about 64% to 99% of microcapsules (Table 1). The evaluation of the results obtained by this design
indicated that the following variables: content, temperature and speed, synergic ally influenced the process yield,
as observed in tests 7, 8 and 9, showing the importance of the evaluated factors. However, the concentration of
the content during the emulsion and the interactions between the studied variables showed no significant effect
(p ≤ 0.05) on the encapsulation’s efficiency.

3.4. Morphology and Size of the Microcapsules
The average size of the moisture coacervated microcapsules containing Acrocomia aculeata oil determined by
optical microscopy is shown in Table 1. The size of the microcapsules were between 238.51 and 384.99 µm,
which is expected for microcapsules produced by complex coacervation, according to Favaro-Trindade et al. [23]
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they may vary from 1 to 500 µm. However, the formulation of test 6 (Table 1), it can be observed that the average diameter was 639.57 µm; this difference may be due to the process conditions, which includes the emulsion
preparation conditions and the cooling speed, physical and chemical characteristics of the wall materials, as well
as the superficial tension and the hydrophobicity degree of the content material used. In the literature, average
diameters were described varying from 39 up to 680 µm for particles obtained by complex coacervation [24]
[25].
Figure 1 show two micrographs corresponding to the tests with maximum yield (Test 9, Figure 1(a)) and
minimum yield of the microcapsules (Test 6, Figure 1(b)). The Acrocomia aculeata oil microcapsules obtained
with wall material constituted by gelatin and gum arabic, under the content (7.5 g), temperature (50˚C) and homogenization speed (15,000 rpm) conditions showed a round shape. The wall material and the presence of the
oil in the core may be clearly observed (Figure 1(a)). Mendanha et al. [26] for the encapsulation of hydrolyzed
casein with pectin as wall material, also obtained a round shape. Under conditions with lower temperature (40˚C)
and greater content (10 g), the size of the microcapsules was significantly higher (Test 6), and the shape varied
(Figure 1(b)).
Favaro-Trindade et al. [23] indicate that the size of the microcapsules produced by complex coacervation, using gelatin and gum arabic as wall material, is influenced by several factors, such as stirring rate, viscosity of the
solution, content/polymer, and amount of water. In this study, the temperature significantly influenced the size of
the microcapsule. Figure 2(a) and Figure 2(b) show that the lower the amount of content (oil), the smaller will
be the size of the microcapsule.

3.5. Antioxidant Activity
The bioactive components may undergo changes during the microencapsulation process due to the temperature
and the homogenization speed. In this content, the total phenol and carotenoids contents and the antioxidant activity of the samples were determined in the microencapsulated material from all tests (Table 2).
For the antioxidant activity ABTS•, significant effects were observed for the content-temperature and temperature-speed interactions. This behavior may be explained by the temperature’s action on the degradation process,
by activating some oxidative reactions [27], and on the content’s distribution, which may be strongly associated
with the stability of the emulsions formed by different combinations between the variables [25].

3.6. Total Polyphenols
When determining the phenolic compounds in the produced microcapsule, a significant effect of the interaction
of variables on the formulations was not observed, as shown in Table 2. This observation corroborates with the
results found by Nori et al. [13] for the microencapsulation of propolis extract, where the researchers verified
that there was no influence of temperature on the phenolic compounds.

(a)

(b)

Figure 1. Micrographs of the Acrocomia aculeata oil microcapsules coacervated with gum arabic and gelatin. Test 9 (a)
and Test 6 (b).
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(a)

(b)

(c)

Figure 2. Influence of temperature on the average size of microcapsules. (a) Temperature at 40˚C; (b) Temperature at
50˚C; (c) Temperature at 60˚C.

3.7. Total Carotenoids
The effect of the content, temperature and homogenization speed factors in the carotenoids in the microcapsules
is shown in Table 2. The significant variables were homogenization speed and the temperature-homogenization
speed interaction. High temperatures may contribute with a considerable loss of carotenoids, and its increase is
reported as one of the causes of degradation of this bioactive compound [28], justifying its influence in this
study.
The results corroborate with those found by Ying-Qv and Jiang [29], in the microencapsulation of the lutein
carotenoid by complex coacervation, where a reduction in the retention rate of lutein happened with the increase
in temperature. It was observed that the temperature had noticeable effects on the encapsulated active ingredient.
The interaction between the homogenization speed and temperature on the carotenoids is also verified. This fact
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Table 2. Antioxidant activity using the ABTS• method. Total polyphenol and total carotenoids for the Acrocomia aculeata
oil microcapsules obtained by complex coacervation, under different processing conditions.
Variables

Responses

Test

Content (g)

Temperature (˚C)

Speed (rpm)

Antioxidant Activity
(µg Trolox/g sample)

Total polyphenol
(mg gallic acid g−1 sample)

Carotenoids
(µg/g sample)

1

5 (−1)

40 (−1)

12000 (−1)

2.64 ± 0.39ab

1.85 ± 0.13a

148.70 ± 5.80ab

2

10 (1)

40 (−1)

12000 (−1)

1.52 ± 0.18ac

1.37 ± 0.29a

212.24 ± 56.98bcd

3

5 (−1)

60 (1)

12000 (−1)

1.39 ± 0.12c

1.47 ± 0.35a

174.45 ± 30.72abcd

4

10 (1)

60 (1)

12000 (−1)

2.69 ± 0.35b

1.50 ± 0.21a

85.35 ± 10.33a

5

5 (−1)

40 (−1)

18000 (1)

1.38 ± 0.15c

1.41 ± 0.24a

198.42 ± 59.11abcd

6

10 (1)

40 (−1)

18000 (1)

1.53 ± 0.97ac

1.44 ± 0.08a

127.28 ± 24.82abd

7

5 (−1)

60 (1)

18000 (1)

1.89 ± 0.05abc

1.30 ± 0.22a

178.71 ± 31.60abcd

8

10 (1)

60 (1)

18000 (1)

2.86 ± 0.04b

1.65 ± 0.32a

253.71 ± 13.43c

9

7.5 (0)

50 (0)

15000 (0)

2.60 ± 0.34ab

1.52 ± 0.43a

229.29 ± 21.73cd

Equal letters on the same column are not significantly different among themselves on a 5% level on Tukey’s Test.

may be related to stirring, where shearing occurs, creating smaller coacervated droplets, in addition to the incorporation of air bubbles during stirring, since according to Rodriguez-Amaya et al. [28], the presence of oxygen is one of the factors that contribute for the degradation of carotenoids.

4. Conclusion
The results presented in this work show that it is possible to microencapsulate Acrocomia aculeata oil by complex coacervation technique in order to preserve bioactive compounds. The yield process and encapsulation efficiency were in the range from 64% to 99% of microcapsules and from 59% to 97% of encapsulated oil, respectively. This process preserves the carotenoids and antioxidant activity of the oil. Through experimental design, it
was possible to verify an interaction between temperature and the oil content in the preservation of carotenoids;
moreover, the temperature was the parameter that significantly influenced the morphology of the microcapsules.
Furthermore, these results enable the use of the microcapsules of the fruits oil (Acrocomia aculeata) as a natural
food additive.
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