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pomace as a source of antioxidant
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Abstract: This study aimed to evaluate the extraction of bioactive compounds from 
jaboticaba pomace, produce microcapsules by spray dryer technique, and characterize 
antioxidant compounds. A factorial experimental design was used in the extraction step. 
Maltodextrin (DE 10) was used as an encapsulating agent, in a ratio of 1: 1 (w/w), in the 
microencapsulation process.  It was observed the increase of all bioactive compounds 
analyses comparing jaboticaba pomace with the extract. ATR-FTIR spectroscopy showed 
a vibrational stretching aromatic ring (1718 – 1731 cm-1) typical for anthocyanins. The 
Gaussian deconvolution presented extract peak area 7.56% higher than pomace. 
The encapsulating agent protected anthocyanins during the drying process. 
Microencapsulation of bioactive compounds from jaboticaba pomace can be useful for 
food applications whereas they are a rich source of antioxidant compounds. Moreover, 
the use of agro-industrial waste is promising linked to the use of clean technology as 
water as an antioxidant extractor.

Key words:  natural antioxidants, encapsulation, spray drying, ATR-FTIR.

INTRODUCTION
Jaboticaba (Myrciaria caulifl ora Berg) is a native 
and popular fruit from Brazil. Mainly, jaboticaba 
peel has been reported to contain a great 
number of phenolic compounds, such as ellagic 
acid and gallic acid, cyanidin-3-glucoside and 
delphinidin 3-glucoside, fl avonoids and tannins 
(Batista et al. 2018, Lamas et al. 2018, Plaza et al. 
2016).

It has been estimated that the fruit processing 
generates around 20-60% waste. Several studies 
highlight bioactive compounds extraction from 
fruits pomace as a way to reuse the amount of 
waste produced by the agro-industry. Thus the 
use of agroindustrial residues as jaboticaba 

pomace can be feasible for the development of 
functional foods (Amaya-Cruz et al. 2015, Kowalska 
et al. 2017, Machado et al. 2018).

Water is a clean solvent, known as 
economical and environmentally safe to extract 
bioactive compounds from jaboticaba pomace 
(Ivanovic et al. 2014, Reátegui et al. 2014, Santos 
et al. 2017b). 

The microencapsulation of functional 
compounds can be an applicable process to 
improve the stability of bioactive compounds. 
The process consist of cover the main compounds 
with food-grade, safe and biodegradable wall 
materials (Ye et al. 2018). 
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Maltodextr in  has been used for 
microencapsulation using spray drying 
technique, mainly hydrosoluble compounds 
for food application (Ramakrishnan et al. 2018). 
The spray drying technique transforms a liquid 
solution, suspension or emulsion into a dried 
particle  (Ramos et al. 2019). 

In this context, the objective of this study 
was to evaluate, through experimental design, 
the best conditions for extraction of bioactive 
compounds from jaboticaba pomace, afterward 
to produce microcapsules by using a spray dryer 
and characterize antioxidant compounds.

MATERIALS AND METHODS
Materials
Jaboticaba (Myrciaria cauliflora Berg) pomace 
was purchased from one batch from a producer 
of Paraibuna-SP, Brazil, and kept frozen (-18ºC) 
until use. Maltodextrin (M) DE10 was provided by 
Cargil® (Campinas-SP).  The other reagents used 
were of analytical grade from SigmaAldrich®.

Experimental design
The ultrasound-assisted extraction (UAE) was 
conducted in an ultrasonic cleaner (Ultracleaner 
1650 Unique, 40 kHz frequency, 120 Watts 
RMS power). The conventional extraction (CE) 
was conducted in a conventional bath (Nova 
Orgânica).

A factorial experimental design (22) 
including four points and three repetitions at 
the central point, totaling twelve experiments 
was used for optimization of extraction of the 
compounds from jaboticaba pomace. The ratio 
used in both extractions was 1:2 (w/v), therefore, 
jaboticaba pomace (JP) was diluted in water at 
a concentration of 500 mg mL-1. The extraction 
variables  included, extraction time (X1= 15 or 
45 min) and ultrasound absence or presence 
(X2= 0 or 100 %), with temperature fixed at 60°C 

(Santos et al. 2017b).  The response parameters 
included the content of phenolic compounds, 
anthocyanins, flavonoids and antioxidant 
activity.

The experimental data were fitted to the 
second-order polynomial model to obtain the 
regression coefficients (β). The generalized 
second-order polynomial model (equation 1) 
was used in the response surface analysis.
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Where, Y is the response variable, Xi and 
Xj are the independent variables, and k is the 
number of tested variables (k=2). The regression 
coefficient is defined as β0 for intercept, βi for 
linear, βii for quadratic and βij for cross product 
term.

The analysis of variance (ANOVA) was used 
to determine individual linear and interaction 
regression coefficient using the statistical 
program STATISTICA version 7.0.  Response 
surface graphs were applied to visualize the 
simultaneous effect of each variable on each 
response parameter, the significance of all the 
terms of the polynomial equation was analyzed 
statistically (p<0.05).

Samples and encapsulation of bioactive 
compounds
Ini t ial ly,  the pomace was defrosted. 
Considering the results of experimental design, 
jaboticaba pomace (JP) was diluted in water 
at a concentration of 500 mg mL-1 and the 
conventional extraction was conducted in a 
conventional bath at 60 °C for 45 min. 

In order to produce the microcapsule (JM) 
maltodextrin (M) was mixed  to the extracts 1: 
1 (w/w), by using mechanical agitation (Ferrari 
et al. 2012). The samples JE and JM were dried 
in a spray dryer using the conditions: inlet 
drying air temperature 175 °C and outlet 105 °C; 
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Atomization pressure: 4 bar; Average drying air 
flow: 3.5 m3.h-1; Average feed rate: 0.5 L.h-1 in Buchi 
B-191 Mini Spray-dryer equipment (Valduga et al. 
2008). 

JP was frozen for 48 h at -10°C and 
subsequently submitted to freeze drying for 2 
days to ensure complete drying (freeze L108, 
Liobras). The dried samples were stored in 
plastic containers and kept freezing (-18°C) for 
future analysis. 

Total phenolic compounds (TPC)
The analyses of TPC was realized using a 
spectrophotometric assay (Pierpoint 2004, 
Singleton & Rossi 1965). The absorbance was 
measured at 725 nm. The calibration curve 
was performed with gallic acid. Results were 
presented in μg of gallic acid equivalent (GAE) 
mg-1 of product. 

Total monomeric anthocyanins (TMA)
The total monomeric anthocyanins was 
determined using the differential pH method 
(Lee et al. 2005). The absorbance was verified at 
520 and 700 nm. Results were expressed in μg 
cyanidin-3-glucoside mg-1 product, according to 
equations 2 and 3.

AT= (ABS520nm – ABS 700nm)pH 1.0 – (ABS 
520nm – ABS 700nm)pH 4.5 (2)

Anthocyanins (TMA) = [(AT x PM x 103)/ Ɛ x ƛ] / C (3)

Where: MW = 449.2 g. mol-1 (molar mass of 
cyanidin-3-glucoside); 103 = conversion factor 
from g to mg; Ɛ = 26900L. mol-1 (molar absorptivity 
of cyanidin-3-glucoside); ƛ = 1 cm (optical length 
of the cuvette); C= sample concentration.

Total flavonoids (TF)
The determination of total flavonoids (TF) was 
performed using a spectrophotometric assay, 
which uses aluminum chloride (AlCl3), sodium 

nitrite (NaNO2) and sodium hydroxide (NaOH) 
(Alothman et al. 2009). The absorbance was 
measured at 510 nm. Quercetin was used to the 
calibration curve. Results were presented in μg 
quercetin equivalent (QE) mg-1 product.

Antioxidant activity by the radical 
sequestration method DPPH (2,2-diphenyl-1-
picrylhydrazine)
The reduction of the stable radical DPPH 
was measured by spectrophotometric assay 
(Thaipong et al. 2006). The absorbance was 
verified at 515 nm. The efficiency of the 
sequestering activity was calculated using 
equation 4. Trolox was used as the standard for 
the calibration curve, the results were expressed 
in μM Trolox equivalent (TE) mg-1 product.

Efficiency of free radical sequestration (%) = 
[(Acontrol – A sample)/ Acontrol] x 100 (4)

Where: A Control: Absorbance of negative 
control; A Sample: sample absorbance average.

Antioxidant activity by ABTS method
The antioxidant activity on the ABTS method 
was performed using a colorimetric assay. ABTS 
(2,2’ – AZINO -  BIS (3-ethylbenzo - thiazoline -6- 
sulfonic acid) diammonium salt and potassium 
persulfate (K2S2O8) reagents was used (Nenadis 
et al. 2004). The absorbance was measured at 
734 nm. A calibration curve was prepared using 
a standard solution of trolox. The results were 
presented in μM Trolox equivalent (TE mg-1 
product.

Ferric Reducing Antioxidant Power (FRAP) 
Assay
The antioxidant analysis using FRAP method 
was performed mixing the samples directly with 
distilled water and FRAP reagent (Pulido et al. 2000). 
The absorbance was measured at 595nm after 30 
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min of incubation at 37°C. Results were presented 
in μM Trolox equivalent (TE) mg-1 product.

Color analysis
The color was measured by using a portable 
Minolta® CR400 colorimeter, with an integration 
sphere and angle of view of 3o, that is, d/3 
illumination and D65 illuminant. The system 
used was CIELAB (L*, a*, b*, C and H°).

ATR-FTIR analysis
A Fourier transform infrared spectrometer 
(Vertex 70v, Bruker, Germany)  equipped with 
an attenuated total reflectance accessory 
(Platinum, Bruker, Germany) (ATR-FTIR) was 
used to determine the phenolic compounds 
and anthocyanins present in the samples. 
The samples were placed on the ATR crystal, 
maintaining contact with the crystal throughout 
the measurement. Each spectrum was an 
average of 128 scans, with a spectral resolution 
of 4 cm-1. The spectral measurement range was 
4000 to 400 cm-1. Gaussian deconvolution was 
applied in spectra to obtain the vibrational 
modes overlapped in the typical anthocyanins 
bands using OriginPro 8 software.

Morphology by scanning electron microscopy 
(SEM)
The particle morphology was realized using a 
scanning electron microscope (JEOL model JSM-
6060 LV). Metal support with a double-faced 
tape of carbon was used to fix the samples, 
which was covered with gold. Visualization was 
realized in increases of 250 to 10000 times, with 
an excitation voltage of 12.5 kV.

Statistical analysis
All analysis were submitted to variance and 
Tukey’s test for the minimum significant 
difference (p<0.05) between averages using the 
statistical program Sisvar 5.6. The calibration 

curves for the antioxidant analyses were 
plotted in Graph Pad Prism 5 software, and the 
experimental design by using the statistical 
program STATISTICA version 7.0.

RESULTS AND DISCUSSION
Experimental design
Figure 1 shows the response surface for bioactive 
compounds extraction and Table I presents 
ANOVA estimates effect to factorial experimental 
design (22) from jaboticaba pomace. As shown 
in Table I and Figure 1, time (X1) was significant 
(p<0.05) for all response variables.  Ultrasound 
presence (X2) was not significant.  The interaction 
between time and ultrasound (X1X2) were 
significant for TPC, TF and antioxidant activity by 
DPPH method. 

The results suggested that the condition of 
45 min and ultrasound absence with temperature 
fixed in 60°C, could be considered suitable to 
obtain the optimized extraction of bioactive 
compounds from jaboticaba pomace, whereas 
ultrasound presence (X2) was not significant 
(p<0.05) for all response variables.

It was observed that the ultrasound-
assisted extraction (in the used conditions) 
without another extraction procedure combined 
was not efficient to extract phenolic compounds 
and anthocyanins from jaboticaba pomace. 
Probably, because a low ultrasonic frequency 
equipment (40 kHz) was not feasible to 
extract the compounds. Literature suggested 
degradation of certain anthocyanins due to the 
ultrasonic frequency (40 kHz)  because these 
compounds are highly sensitive (Santos et al. 
2010). In another study, it was observed that 
some bioactive compounds, as ellagic acid, 
was not significantly affected by ultrasound-
assisted extraction from jaboticaba pomace in 
an ultrasonic cleaner bath (25 kHz) to 60 min 
(Rodrigues et al. 2015).
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In another research the best condition 
for the extraction of phenolic compounds and 
monomeric anthocyanins from jaboticaba 
pomace was found from medium to high 
extraction times (40 to 60 min) (Rodrigues et 
al. 2015). A recent study showed that the best 
condition to extract phenolic compounds 
from jaboticaba pomace was 80°C and 45 
min extraction time in a conventional method 
(Rodrigues et al. 2018a).

Antioxidant and color analyses
Table II shows the analyses of total phenolic 
compounds, total monomeric anthocyanins, 
antioxidant and color of JP, JE and JM samples. It 
was observed the increase of TPC, TMA, TF, DPPH, 
ABTS and FRAP by comparing jaboticaba pomace 
(JP) with extract (JE). This relation was founded 
in other studies (Rodrigues et al. 2018b, Santos 
et al. 2017b), the use of  spray dryer with high 
temperature improve the antioxidant activity 
due to the formation of phenolic compounds 
resulting from degradation of others compounds 
(Pitalua et al. 2010). 

There are few reports about this fruit, in 
this case, our discussion was to comparing 
jaboticaba pomace with another fruit pomace. 
Analyzing data of JP and comparing TPC with 
other fruit pomace, in this present work it was 
found 11.41 ± 0.91 μg GAE mg-1 of jaboticaba 
pomace, literature has shown around 7.5 mg GAE  
g-1 to apple pomace, 8.0 mg GAE g-1 to blueberry 
pomace, 24.0 mg GAE g-1 to raspberry pomace, 
and mg GAE g-1 to cranberry pomace (Gouw et 
al. 2017). 

By comparing jaboticaba pomace with 
blackberry pomace, it can be observed that 
jaboticaba has higher TPC (11.41 ± 0.91 μg GAE 
mg-1) than blackberry pomace (8.36 μg GAE 
mg-1) (Santos et al. 2017b).  On the other hand, 
jaboticaba pomace has lower TMA (0.16 ± 0.03 
μg cyanidin-3-glucoside mg-1) than blackberry Ta
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Figure 1. Response surface for bioactive compounds extraction from jaboticaba pomace. (a) TPC: Y = 0.4949X1 
– 0.0167X2 + 0.1999X1X2; R

2 = 0.9443; (b) TMA: Y = 0.0050X1 + 0.0035X2 +0.0029X1X2; R
2 = 0.9761; (c) TF: Y = 0.7644X1 + 

0.1258X2 + 0.3020X1X2; R
2 = 0.9678; (d) DPPH:   Y = 0.6884X1 + 0.1105X2 + 0.1637 X1X2; R

2 = 0.8084; (e) ABTS: Y = 10.1956X1 + 
2.0440 X2 + 2.7473 X1X2; R

2 = 0.8985.
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Table II. Analyses of total phenolic compounds, total monomeric anthocyanins, antioxidant and instrumental color 
of BP, BE, BM, JP, JE and JM samples.

JP JE JM

TPCI 11.41e±0.91 76.77a±5.33 36.39c±2.07

TMAII 0.16c±0.03 0.46b±0.07 0.56b±0.01

TFIII 29.32d±8.34 151.56b±6.10 68.56c±3.39

DPPHIV 5.09e±0.11 38.93a±0.29 19.57c±0.56

ABTSV 119.00e±16.31 840.56a±10.60 390.06c±15.72

FRAPVI 333.98e±5.87 2616.54a±13.68 1398.21c±20.71

L* 29.69c±2.66 19.88de±1.36 54.25a±3.19

a* 14.42d±0.15 13.02d±0.31 28.42b±0.49

b* 9.50e±0.35 13.12b±0.39 11.41cd±0.19

C 17.27d±0.14 18.49d±0.16 30.62b±0.53

H° 33.37b ±1.18 45.20a±1.47 21.88d±0.13
Means followed by the same letters on line did not differ among themselves by Tukey’s test (p<0.05). JP: jaboticaba pomace; 
JE: jaboticaba pomace extract (100% extract); JM: jaboticaba pomace microcapsule (50% maltodextrin + 50% extract). Iµg GAE 
mg-1product; IIμg cyanidin-3-glucoside mg-1 product; IIIµg QE mg-1product; IV, V and VIµM TE mg-1 product. TPC: total phenolic 
compounds; TMA: total monomeric anthocyanins; TF: total flavonoids. * indicates  the color system CIE.

pomace (0.37± 0.01 μg cyanidin-3-glucoside mg-1) 
(Santos et al. 2017b).

The high amount of TPC and TF could be 
the reason for the higher antioxidant activity of 
jaboticaba pomace. A study with camu-camu 
found 7.791b± 0.029 mg GAE g-1 for TPC, 7.295 ± 0.897 
mg QE g-1  for TF,  74.145 ± 0.750 mmol TE g-1 for 
ABTS and, 222.000 ± 0.562 mmol TE g-1  for FRAP 
(Rodrigues et al. 2020). All these values were 
lower than jaboticaba pomace (JP - Table II).

Evaluating JM and JE in relation to TMA 
(Table II) it was observed that the encapsulating 
agent protected anthocyanins during the 
drying process, presenting the same values, 
since JM present only 50 % of the extract. 
Microcapsules samples presented around 50% 
of value in analyses of TPC, TF, DPPH, ABTS 
and FRAP, as expected. The literature showed 
than microencapsulation with maltodextrin 
is efficient for the protection of the bioactive 
compounds against light, temperature and pH 
(Ozkan et al. 2019, Rodrigues et al. 2018a, b). Also, 
the spray drying technique has a great impact 

on the encapsulation characteristics including 
stability (Santos et al. 2019, 2017a).

Another study showed higher values of 
TMA and TPC from jaboticaba pomace extract 
and microcapsules, it was found in TMA 3.22 μg 
cyanidin-3-glucoside mg-1 and 2.73 μg cyanidin-3-
glucoside mg-1 for JE and JM, respectively. Besides 
115.4 µg GAE mg-1 and 52.44 µg GAE mg-1 for JE 
and JM, respectively. This can be explained by 
the lyophilization method, that did not use high 
temperatures to dry, and preserve the bioactive 
compounds from temperature degradation 
(Rodrigues et al. 2018b).

Regarding color analysis, it was observed 
JM are lighter than JE, probably due to the use 
of maltodextrin that provided a significant 
increase in the value of L*. The same tendency 
was observed in chromaticity (C). It was observed 
that when comparing a*, that represents red 
intensity, the JM values are higher than JE, 
demonstrating that maltodextrin encapsulation 
protected the coloring compounds of samples 
during the drying process. 
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ATR-FTIR analysis
The JP, JE, JM and M samples were characterized 
by ATR-FTIR spectroscopy (Figure 2-a) in order to 
determine possible bioactive compounds. Table 
III shows the main functional groups assigned to 
the different vibrations present in the ATR-FTIR 
analysis. In the ATR-FTIR spectra of  JP, JE and 
JM was observed  peaks between 1718 cm-1 and 
1725 cm-1, which could be assigned to stretching 
vibrations of the aromatic ring, typical for 
anthocyanins (Zeng et al. 2018). The peak 1640 
cm-1 was found in maltodextrin (M) assigned to 
O-H bending vibration, belonging to saccharides 
(Ahmad et al. 2018).

The absorption peaks between 1603 cm-1 and 
1613 cm-1 correspond to aromatic compounds 
with phenyl bonds, such as flavonoids (Heredia-
Guerrero et al. 2014, Santiago-adame et al. 2015). 
Peak at 1440 cm-1 in JP sample corresponds 
to stretching vibration (C-C) aromatic ring 
conjugated with C=C, the other samples did 
not present these absorption peaks, probably 
due to a degradation of these compounds in 

the extraction process (Heredia-Guerrero et al. 
2014). 

JM and M  have maltodextrin and presented 
an absorption peak between 929 cm-1 and 931 
cm-1 attributed to C-O stretching of C-O-C groups 
in the anhydroglucose ring (Wu et al. 2018). 
Figure 2-b shows the Gaussian deconvolution of 
JE wich presented a peak area of anthocyanins 
7.56% higher than JP.  To the relation between 
JM (Figure 2-c) and JE, JM presented peak area 
38.96% lower than JE, which may be related 
with the maltodextrin a ratio 1: 1 (w/w) used to 
microencapsulation.

Morphology  by scanning electron microscopy 
(SEM)
Figure 3 shows the morphology of jaboticaba 
samples analyzed by scanning electronic 
microscopy. Samples dried by lyophilization 
(Figures 3-a and 3-b) presented amorphous 
particles of different sizes, similar to broken 
glass, with porosity due to the structural rigidity, 
characteristics of that kind of drying process 
(Kuck & Noreña 2016).

Figure 2. (a) ATR-FTIR 
spectra of jaboticaba 
samples. JP: jaboticaba 
pomace; JE: jaboticaba 
pomace extract; JM: 
jaboticaba pomace 
microcapsule; M: 
maltodextrin; (b) 
and (c) Gaussian 
deconvolutions of JE 
and JM, respectively, 
in the spectral range 
dashed.
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Table III. Main vibrational modes assignments observed in the ATR-FTIR spectra.

Assignment *
Wavenumber (cm-1)

JP JE JM M Literature reference
ν (O-H) 3316 3303 3292 3306 33001 
νa (C-H) 2923 2932 2926 2924 29282

ν (C=O) 1725 1718 1718 - 17203

δ (O-H) - - - 1640  16376

ν (C-C) 1613 1603 1606 - 16001;16064

ν(C-C) (conjugated with C=C) 1440 - - - 14404

ν (C-H) 1225 1219 1232 1240 12335

ν (C-O...H) 1146 1146 1148 1148 11492

ν (C-O) - - 1076 1077 10792

ν (C-O-C) 1020 1026 1017 1013 10201

ν (C-O-C) anydroglucose - - 931 929 9242

*ν, stretching; δ, bending; a, asymmetric.
JP: jaboticaba pomace; JE: jaboticaba pomace extract; JM: jaboticaba pomace microcapsule; M: maltodextrin.
1(Santiago-adame et al. 2015); 

2(Wu et al. 2018); 
3(Zeng et al. 2018); 

4(Heredia-Guerrero et al. 2014); 
5

 (Pereira Jr et al. 2015); 
6 (Ahmad 

et al. 2018).

Figure 3. Samples (a) JP: 
jaboticaba pomace with 
an increase of 500x and 
(b) 1000x; (c) JE: jaboticaba 
pomace extract with an 
increase of 250x and (d) 
500x; (e) JM: jaboticaba 
pomace microcapsule with 
an increase of 2000x and 
(f) 10000x.
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In the other hand, the dried extracts 
obtained by spray drying (Figures 3-c and 3-d) 
showed amorphous and irregular shape when 
compared to microcapsules (Figures 3-e and 3-f). 
It was observed then microcapsules presented 
a rounded external structure and different 
sizes, which are characteristics of the samples 
obtained by this drying method, as a roughness 
and cracking formed due to the fast evaporation 
of water (Ferrari et al. 2012).

CONCLUSIONS
The experimental design presented that the 
best condition for extraction of bioactive 
compounds from jaboticaba pomace was 45 min 
in a conventional bath.  The use of maltodextrin 
in microencapsulation was efficient to protect 
antioxidant compounds under the drying 
technique, especially for anthocyanins. In order 
to reuse an agro-industrial waste, it was observed 
that the antioxidant extraction from jaboticaba 
pomace is feasible due to bioactive compounds 
content. In addition, the encapsulation of these 
compounds is appropriate for technological 
applications.
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