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1 Introduction
Exotic tropical fruits are rich in bioactive compounds such 

as phenolic compounds, carotenoids, vitamins and food fibers. 
However, the processing industry of these fruits faces great 
difficulties related to the percentage of their by-products (such 
as unused peels, seeds and pulps) generated in the different 
stages of processing chains. In most cases, wasted by-products 
may contain similar or even higher bioactive compounds than 
the final product (Ayala-Zavala et al., 2011).

The use of waste at an industrial level is of interest to the 
food industry since it contributes to reducing environmental 
impacts in addition to reducing production costs. Industrial 
by-products are important to use in other products which can be 
industrialized and utilized as enrichers of these products. In this 
context, the use of renewable sources such as by-products and 
elaboration procedures based on the implementation of enriched 
and functional food products has received attention in the last 
decade due to the continuous growth of the world population, 
leading to a decrease in natural resources (Tolun et al., 2016).

Although acerola (Malpighia emarginata DC) is not a 
native plant to Brazil, it presents relevant production due to 
having adequate climate and soil conditions mainly in the 
Northeast Region (Antunes et al., 2013). It has high levels of 
two very well-known compound classes for their antioxidant 

properties: ascorbic acid (vitamin C), and phenolic compounds 
(Mercali et al., 2012).

By-products from the pulp and refiner showed high levels 
of vitamin C (175.76 and 525.18 mg.100g-1, respectively), total 
anthocyanins contents (19.43 and 20.54 mg.100g-1, respectively), 
and polyphenols (545.98 mg gallic acid.100g-1 and 647.01 mg gallic 
acid.100g-1, respectively), thus contributing to high antioxidant 
activity, being able to add value to products that have it as raw 
material (Carmo et al., 2018).

Encapsulation technology and the choice of new biopolymers 
have shown to be of great importance in the food industry, 
particularly in developing functional and healthy foods. Natural 
plant-based gums and their derivatives are widely utilized in 
food industries and these natural polymeric polysaccharides 
have many advantages because they are biodegradable, 
non-toxic, economical and easily available in the environment 
(Saha  et  al., 2017). Gum arabic and maltodextrin have been 
used to encapsulate phenolic extracts obtained from natural 
sources (Chranioti et al., 2015; Outuki et al., 2016; Mahdavee 
Khazaei et al., 2014). Ribeiro et al. (2019) optimized a mixed 
juice of acerola and seriguela by spray drying process using 
maltodextrin with 50% retention of ascorbic acid using 20% of 
maltodextrin 10 dextrose equivalent.
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Gum arabic is a versatile ingredient used in food systems 
due to its molecular flexibility, possessing functions such as 
emulsification, encapsulation, stabilization, and film forming, among 
others (Bai et al., 2017; Nale et al., 2018; Fernandes et al., 2014). 
Mixtures between different encapsulating agents are suggested in 
order to increase encapsulation effectiveness (Bae & Lee, 2008; 
Boger et al., 2018; Mulcahy et al., 2018). Thus, the objective of 
this work was to encapsulate the bioactive substances of acerola 
by-product extract using gum arabic and maltodextrin matrix 
for its use as a nutritional aggregator in foods.

2 Materials and methods

2.1 Materials

The following were used for formulating the encapsulated 
material: gum arabic (GA) (VETEC); Maltodextrin (M) 
(SIGMA-ALDRICH); Tween 40 (TW) (SIGMA-ALDRICH); 
and extracts were performed using the by-products of freeze-dried 
acerola seed (from an acerola processing industry located in 
Tianguá/Ce, Brazil).

2.2 Extraction procedure

Distilled water was used to obtain the extract using an 
optimized method by Moreira (2014) and Carvalho (2014), 
considering that this extraction showed good results for Vitamin 
C, Total Extractable Polyphenols and Antioxidant Capacity. 
The extraction was carried out at the Federal University of Ceara 
(Ceará, Brazil), using 1 g of by-product to 4 mL of distilled water, 
homogenizing at 15000 rpm in an Ultra Turrax (IKA T18 Basic) 
for 3 min, then centrifuging (ROTINA 380/380R) at 10000 rpm 
at 20 °C for 10 min with the supernatant being filtered.

Regarding the chemical characterization of industrial 
acerola by-product extracts, three previously freeze-dried 
acerolas at 50 oC were put in a 5 mtorr (9.67 x 10-5 psi) vacuum 
for 48 h in a Labconco Freeze Dry-5 dryer (Labconco, MO). 
The freeze-dried material was stored in a desiccator protected 
from light until further use. The samples were submitted to 
an Vitamin C, Total Extractable Polyphenols and Antioxidant 
Activity analyses.

2.3 Nanoparticle preparation

Different formulations were prepared with variations in 
the amount (mass) of gum arabic, maltodextrin, and extract 
(Table 1). These analyzes were conducted in order to obtain 
the best concentration of wall material that promoted the most 
efficient preservation of bioactive compounds present in the 
acerola by-product extract.

The solutions of gum arabic and maltodextrin were initially 
prepared using distilled water (stirring at 50 °C). The solutions were 
mixed and Tween 40 (0.01 g/10 mL) was added by dropping and 
stirring. The lyophilized acerola by-product extract was then added 
and measured to 100 mL, and the solution was then homogenized 
in an Ultra Turrax (IKA T18 Basic) for 2 min (11.000 rpm). 
The obtained nanoparticle were prepared as previously reported 
by Paula et al. (2010), using a Mini Spray Dryer B-290 (BÜCHI, 
Switzerland) at an inlet temperature of 165 ± 10 °C and an outlet 
temperature of 70 ± 10 °C, 10 mL pump feed flow/min, flow volume 
of 35 m3/h, and aspirator flow of 90 L/h. The nanoencapsulated 
sample was stored in amber glass at room temperature (25 °C). 
The formulations were prepared in triplicate.

2.4 Nanoparticle characterization

Yield of atomization process (Y) was calculated based on 
the solids content of the wall material and the amount of core 
material (N) used for encapsulation through the soluble solids 
content according to Equation 1 (Jun-Xia et al., 2011).

( ) ( )% /[Y   Final  weight  of  nanoparticules  M 1  M 2  N  x100= + +   (1)

Where: M1 = Gum arabic and M2 = Maltodextrin

Soluble solids (SS) determinations were performed using a 
digital refractometer (ATAGO PR-1010) with a of 0 to 45° Brix 
scale by direct reading of the samples and after filtration on 
qualitative filter paper for by-products. The results were expressed 
in °Brix, according to Instituto Adolfo Lutz (2008). In order to 
calculate the yield, the soluble solids present in the extract were 
taken into account to guarantee precision in the calculations.

The vitamin C (ascorbic acid) content was determined by the 
titration method using potassium iodate and based on the ascorbic 
acid oxidation by potassium iodate. The results were expressed as 
mg/100 g of ascorbic acid (Instituto Adolfo Lutz, 2008).

Total extractable polyphenols were determined using the 
Folin-Ciocalteu reagent and gallic acid as standard, according 
to the methodology described by Larrauri et al. (1997).

Total antioxidant activity was determined according to the 
methodology described by Re et al. (1999) and Rufino et al. 
(2007). The readings for determining antioxidant activity were 
carried out in a spectrophotometer (Shimadzu model UV-1800) 
to 734 nm. The results were expressed as equivalent antioxidant 
Trolox (TEAC) in µM g_1.

The formulations were solubilized in distilled water in order 
to calculate the Entrapment efficiency (EE) at concentrations of 
25 mg/mL for antioxidant activity; 1 mg/mL for polyphenols and 

Table 1. Experimental planning used to elaborate nanoparticles containing acerola by-product extract.

Nanoparticle Gum arabic (g) Maltodextrin (g) Acerola by-product (g)
A 0.25 0.25 1.75
B 0.50 0.25 1.75
C 0.75 0.25 1.75
D 0.25 0.50 1.75
E 0.25 0.25 2.0
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5 mg/mL for vitamin C and then vortexed for 2 min. The entrapment 
efficiency was calculated using Equation 2, where Ct represents the 
content of the component in the pure extract, and Cs the content of 
the component in the solubilized formulation (Alishahi et al., 2011).

( )% – /EE   Ct   Cs  Ct  x 100  =   (2)

The Doping (D) calculation was performed (Equation 3) 
by the difference of the bioactive compound levels present after 
the encapsulation process of each formulation (Cb) by the final 
weight of the nanoparticle (Fw) (Paula et al., 2010).

( )%D   Cb x 100 Fw=  (3)

For Infrared Spectroscopy, the Fourier Transform Infrared 
(FT-IR) spectra were obtained on an 8300 Shimadzu spectrometer 
between 400 and 4000 cm-1. Samples were analyzed by absorbance 
on KBr pools.

Aqueous suspensions of nanoparticles (5 mg/mL at 25 °C) 
were submitted to particle size distribution analysis by Nano 
Zeta Sizer Malvern, Model ZS 3600 equipment, with continuous 
red light beam and wavelength at 633 nm and a spreading angle 
of 173°. The data were expressed as the mean of three readings 
(Paula et al., 2011).

2.5 Statistical analysis

Data were expressed as mean and standard deviation and 
determined in triplicate. Data were submitted to Analysis of 
Variance (P <0.05) and Tukey test using STATISTICA 7.0 software.

The multivariate principal components analysis technique 
was applied to reduce the studied variables (Vitamin C, 
PET and ATT) to only one in order to find the best formulation 
among the nanoparticles. Analysis of variance and the Tukey 
test were applied in order to find the formulation that generated 
higher averages.

3 Results and discussion
3.1 Analysis of acerola by-product extract

Acerola presents several substances with bioactive properties 
in its constitution. The acerola by-products presented high levels 
for vitamin C, total extractable polyphenols and antioxidant 
activity (2726 mg/100 g, 4986 mg AGE/100 g and 216.05 uM 
trolox/g, respectively). It was possible to confirm the great 
potential of acerola by-product use in other processes, such as 
encapsulation.

The ascorbic acid content in dry acerola residue found by 
Araújo et al. (2016) was 11.20 ± 1.12 mg/100 g, which is lower 
than that found for the acerola by-product described above. 
This content may be related to the types of cultivar, cultivation 
(organic) and by the type of drying (lyophilization).

The value of polyphenols extracted with water were 
quite high, which were higher than the values found by 
Moreira (2014) (691.42 mgGAE/100 g) and Carvalho (2014) 
(692.46 mgGAE/100 mg) using the same type of extraction in 
Acerola by-products. The antioxidant activity with extraction 

in water presented higher values than those found by Moreira 
(2014) and Carvalho (2014), which were 34.15 μM trolox/g 
and 34.41 μM trolox/g, respectively. Silva et al. (2014) emphasizes 
that phenolic compounds can be exploited at an industrial level 
as natural, safe and low cost preservatives. In addition to the 
antimicrobial effect, it contributes to maintaining and effectively 
improving human health.

With the data obtained from determining the bioactive 
compounds of the acerola by-product, it was possible to confirm 
the great potential of this sample for use in other processes such 
as encapsulation, and these parameters were used to verify the 
final quality of the produced material, providing the possibility 
of being used as a functional ingredient in many food products, 
especially foods which present low levels of these compounds.

3.2 Nanoparticle characterization

Yield of atomization process

Encapsulation yields of the formulations ranged 
from 38.01 to 44.34% (Figure 1). The mean value of soluble solids 
for the extracts used in the encapsulation was 6.07 °Brix. These 
data were used for the calculation as specified in Equation 1.

Increasing the amount of different coating material proportions 
resulted in a higher yield. This behavior reflects the increasing 
yield, even with the difficulty of adhesion of the samples in the 
spray dryer cyclone.

The low yield observed in this study may be due to the 
possibility of maltodextrin adhering to the drying chamber, and 
this fact was observed in studies by Tolun et al. (2016). Engel et al. 
(2016) reported that the process yield via spray dryer is highly 
affected by the amount of material retained inside the dryer.

Vitamin C, total extractable polyphenols and antioxidant 
activity of nanoparticles

The lowest value for vitamin C content was obtained for 
Formulation A. The highest content was found for formulation 
E (2349.43±123.06 mg/100 g) (Supplementary Material Table 1S).

It was verified that the increase in the gum arabic concentration 
is related to a decrease in the quantification of vitamin C for the 
nanoparticles A, B and C. In analyzing the results obtained for 

Figure 1. Yield after Spray Dryer process.
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Vitamin C for the nanoparticles B and C, it was observed that 
the increase in the amount of gum arabic resulted in a lower 
capacity for encapsulating vitamin C. The results obtained for 
the analyzed bioactive compound content demonstrated that the 
wall material is able to retain a larger amount of extract while 
maintaining the same initial conditions.

Several studies approaching different methods and wall 
materials for encapsulation of vitamin C (ascorbic acid) describe 
that this is a promising protection technology to overcome 
problems related to its application and its instability (Matos et al., 
2015; Alvim et al., 2016). This can be confirmed by maintaining 
high levels of vitamin C after encapsulation, even though the 
drying process occurred at 160 °C, maintaining vitamin stability 
during processing.

The total extractable polyphenol contents found for the 
nanoparticles varied significantly between the formulations. 
The effect of the gum arabic increase on the total extractable 
polyphenols content shows that there was a decrease in the 
polyphenols quantification.

Nanoparticle E presented higher content of polyphenols 
and vitamin C when compared to the others, demonstrating 
that it is better adapted to retaining these bioactive compounds.

Total extractable polyphenols presented higher entrapment 
efficiency and content in the nanoparticles was high when 
compared to the results of lyophilized by-product extract 
(4392.84 mg GAE/100 g). Considering that the samples were 
formulated with this same extract in an amount of solids in the 
extract from 12.6% to 22.3%, it is perceived that the preservation 
of polyphenol content is bound to both the amount of added 
extract and protection by encapsulation. Tolun  et  al. (2016) 
explain that since the coating material (maltodextrin and gum 
arabic) does not contain phenolic content, the total polyphenol 
content does not change with the coating mixture. These authors 
found values in the range of 5.20 to 16.50 mg GAE/100 g of 
powder formulated with grape residue, with these values being 
similar to those in this study.

Araújo et al. (2016) found 446.40 mg gallic acid.100g-1 for 
dry acerola by-product. The values obtained by these authors 
are below those found for the lyophilized acerola by-product 
analyzed in this study, which presented 4392.84 mg/100 g of 
content. Vasco et al. (2008) define a high concentration of phenolic 
compounds above 1000, and this concentration is considered 
low for concentrations below 100. Thus, the samples evaluated 
in this study are classified as having a high concentration of 
phenolic compounds.

It was verified that nanoparticles A, B, C, D, and E presented 
no statistical difference (p≤0.05) for antioxidant activity. 
For antioxidant activity of grape residue microparticles coated 
with maltodextrin and gum arabic, Tolun et al. (2016) describe 
that the use of high temperatures for spray drying causes phenolic 
structure ruptures due to temperature and resynthesize in different 
ways, with possible alterations in the quantified values for the 
antioxidant activity. Although expressive, the low values such 
as those found in this study can be justified when compared to 
polyphenol content.

Encapsulation Efficiency (EE%)

Encapsulation efficiency for vitamin C, polyphenols and 
antioxidant activity using nanoparticles A, B, C, D and E 
(Figure 2) ranged from 38.01 to 44.34%; from 66.45 to 99.56%; 
and from 2.24 to 6.54%, respectively. These values are within the 
expected range based on the studies of Herculano et al. (2015) 
and Fernandes et al. (2014).

This behavior is perceived from the results for vitamin C, 
polyphenols and antioxidant activity. In a study on the effects 
of gum arabic, modified starch, maltodextrin and inulin on 
the encapsulation of rosemary essential oil, Fernandes  et  al. 
(2014) describe that the encapsulation efficiency is one of the 
most important quality parameters due to quantification of the 
substance that is present in the encapsulated material.

Herculano  et  al. (2015) found encapsulation efficiencies 
from 24.89 to 26.80% for the content of eucalyptus essential oil 
encapsulated with cashew gum. These authors infer that increasing 

Figure 2. Encapsulation efficiency of acerola nanoparticles by-product extract for vitamin C, total extractable polyphenols and total antioxidant activity.
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the proportion of cashew gum increases the encapsulation 
efficiency, although at lower loading.

Different results were found for antioxidant activity with very 
low values being observed, which may be related to the preparation 
method of the nanoparticle to trigger the simultaneous release 
of other compounds that may have interfered in the results, or 
even related to lower solubility after encapsulation.

The results obtained by Tolun et  al. (2016) indicate that 
the use of maltodextrin and gum arabic for encapsulating 
phenolic compounds extracted from grape residue provided 
better results than the use of maltodextrin alone as a coating 
material, exhibiting relatively high encapsulation efficiencies, 
and describing that even the maltodextrin alone provides good 
protection against oxidation.

Doping

Doping is related to the amount of bioactive compounds 
present in the nanoparticles after the nanoencapsulation process 
in terms of mass, with results expressed as a percentage.

There was variation from 0.95 to 2.35% for doping levels 
in the vitamin C analysis, with the lowest and highest values 
corresponding to nanoparticles C and E, respectively (Figure 3). 

The values for doping found by Paula  et  al. (2010) ranged 
from 1.20 to 10.70% for alginate and cashew gum microspheres 
as the encapsulating agent for croton zehntneri oil.

Doping levels for the analysis of total extractable polyphenols 
ranged from 0.22 to 0.36%, with the lowest values for 
nanoparticles C and D, and the highest value for nanoparticle E.

It was not possible to perform quantification by this method 
for antioxidant activity, as the values found were extremely low. 
It should be taken into account that the doping calculation 
depends on the bioactive mass present. The results are strictly 
related to the encapsulation efficiency (EE), as these measures 
are directly proportional.

FT-IR Spectroscopy

The spectra of the wall material components used for the 
nanoparticle formulation are quite similar (Figure 4A), presenting 
bands around 3400 cm-1, which is characteristic of the OH 
stretching from water. The CH stretching under these conditions 
appears around 2924 cm-1 and the OH folding of the water 
around 1620 cm-1. It is also possible to verify the characteristic 
band of glycosidic binding of sugars around 1054 cm-1.

Figure 3. Doping of nanoparticles from the extract of bioactive compounds from acerola by-product obtained using spray-dryer.

Figure 4. Infrared spectrum of Gum Arabic (GA), Maltodextrin (MA) and acerola by-product extract (A) and acerola by-product extract 
nanoparticles (B).
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These bands identify chemical bonds that absorb energy at 
different wavelengths, determining the possible presence of some 
compounds. Similar spectra were found for different materials 
(Herculano et al., 2015; Gómez-Mascaraque et al., 2015).

The spectra were within the expected range for the evaluated 
nanoparticles (Figure 4B), with characteristic peaks of the phenolic 
compounds and vitamin C (bands between 1200 and 900 cm-1) wall 
materials (gum arabic and maltodextrin) in all treatments. These 
characteristics indicated that the bioactive compounds present 
in the nanoparticles were preserved during the encapsulation 
process via spray dryer.

All acerola by-product extract nanoparticles have very similar 
absorption profiles because they are sugar spectrum, presenting 
all the characteristic bands of the wall materials and not allowing 
to infer differences, even with the variation in acerola extract 
proportions for the formulations. This is due to nanoparticle E 
presenting double the acerola by-product extract and the control 
sample only presenting the wall material.

The control sample also shows the same absorption profile with 
the characteristic bands, but with little intensity. Monteiro et al. 
(2015) also found similarity between the FTIR spectra of their 
polyelectrolyte complexes in the formation of microspheres and 
the spectra of their wall materials.

Saffarzadeh-Matin & Shahbazi (2018) prepared an apple 
pomace polyphenolic extract loaded into biodegradable and 
commercially available natural polymer such as maltodextrin 
and identified the functional groups of the active components 
and also any interaction modes between the polymeric wall and 
the polyphenolic core by FTIR.

Particle size distribution; Polydispersion Index and Zeta Potential

The particle size ranged from 27.12 nm to 308.80 nm, with 
bimodal distribution for all formulations (Table  2). Similar 
size values (27.70 nm at 308.08 nm) and negatively charged 
surfaces were found by Herculano et al. (2015) in studying the 
physicochemical properties of encapsulated eucalyptus essential 
oil in a cashew gum matrix.

The polydispersion index represents the particle size 
distribution, and values ranging from 0.399 to 0.898 were 

observed for the analyzed nanoparticles, indicating heterogeneity 
of the particle size distribution resulting from the formation of 
polydispersed systems. This behavior was expected, since the 
particle size presented a bimodal shape.

The zeta potential was measured in order to verify 
the surface charges of the particles, which can predict the 
material stability being influenced by the changes in the 
interface with the dispersing medium, which in this case 
was water. When analyzing the results for zeta potential, it is 
observed that the highest value occurred for nanoparticle B 
(-28.3 mV) and the lowest value for F (-15.3 mV), thus 
signaling good electrostatic stability when in suspension. 
This indicates the presence of negative surface charges due 
to carboxyl groups present in the gum arabic because it is 
dissolved in polar liquid (water).

Determining the best formulation

Several studies have recently been carried out aiming to 
indicate compounds encapsulated for use in food. Costa et al. 
(2018) microencapsulated Cupuassu (Theobroma grandiflorum 
Schum.) extract and also suggest its use to formulate new foods 
or pharmaceuticals.

The choice of the best nanoparticle in this study was 
through a multivariate analysis using the variables: vitamin 
C, polyphenols and antioxidant activity. An analysis of main 
components was performed with these three variables, only 
selecting the first component which explains 63.63% of the 
original data variance.

The scores of the main component chosen were generated 
from the function:

E1i = 0.699* Zi Vitamin C + 0.678* Zi Polyphenols + 0.227* Zi antioxidant activity

Where Z represents the original values of the variables 
subtracted from their mean and divided by their standard 
deviation.

It was verified that nanoparticle E presented the highest 
result for the vitamin C, polyphenol and antioxidant activity 
variables by applying the multivariate analysis, indicating that 
it is the best particle to be used in food application.

Table 2. Particle size distribution values, polydispersion Index (PDI) and zeta potential (mV) of the nanoparticles of acerola by-product extract 
obtained by spray dryer.

Formulation Particle size distribution (nm) Polydispersion Index (PDI) Zeta Potential (mV)
A 287.5 ± 144.3 (65.3%)

36.89 ± 16.2 (31.1%)
0.898 -23.2 ± 7.98

B 215. 8 ± 38.52 (66.2%)
27. 12 ± 5.02 (33.8%)

0.515 -28.3 ± 5.96

C 46.99 ± 21.94 (54.9%)
291.5 ± 106.3 (38.0%)

0.745 -15.8 ± 9.25

D 308.8 ± 75.11 (51.4%)
43.06 ± 12.77 (48.6%)

0.399 -25.4 ± 4.33

E 266.3 ± 115.0 (51.4%)
38.06 ± 14.62 (44.8%)

0.797 -23.8 ± 7.05
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to obtain encapsulated products rich in bioactive compounds 
with antioxidant activity, confirming its potential to be used as 
an additive in the food industry.

The nanoparticles produced in this study have potential as 
a food additive to be incorporated as a functional ingredient in 
a range of foods in order to improve the stability of bioactive 
compounds during storage, having a huge impact in industry 
and the health sector.

The gum arabic and maltodextrin matrix were shown to be 
efficient in retaining compounds such as vitamin C, total extractable 
polyphenols and antioxidant activity in all formulations, as well 
as showing particle size and distribution with a certain stability, 
which shows little tendency to aggregate when in solution.

All the nanoparticles presented as being a good source of 
vitamin C, polyphenols and antioxidant activity. It is recommended 
to use nanoparticle E as it presented more constant results, but 
the results found for the other nanoparticles should also be 
taken into account.
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