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Abstract The industrial processing of acerola (Malpighia

emarginata D.C.) produces huge quantities of waste

material that are badly discarded or undervalued. In spite of

this, acerola wastes have a high content of antioxidant

compounds. The aim of this work was to study the

extraction of antioxidant compounds from acerola residues

using ultrasound assisted extraction. Using multiple

regression techniques, the effects of ethanol concentration

in the hydroethanolic solution (C), extraction time (t),

temperature (T), and liquid–solid ratio (R) on the total

phenolic content, total flavonoid content and antioxidant

potential were investigated. The best extraction conditions

were identified using the desirability function, which is a

multi-response optimization technique. The optimal pro-

cessing parameters were 67.5% of ethanol concentration,

temperature of 80.9 �C, liquid/solid ratio of 59.8 mL/g,

and extraction time of 13.6 min. HPLC–UV has been used

to identify the main antioxidant compounds obtained under

these optimal condition. Based on the results, acerola waste

has high potential for better use, such as in food and

pharmaceutical applications.

Keywords Acerola � Ultrasound extraction � Antioxidant

compounds � Optimization � Bioactive compounds

Introduction

Acerola (Malpighia emarginata D.C.), which originates

from tropical America, is a fruit widely cultivated in Bra-

zil. Due to its high levels of vitamin C and others antiox-

idant compounds like phenols and flavonoids, this fruit

have been industrially used to produce juice and jelly

(Duzzioni et al. 2013; Silva et al. 2016).

Huge quantities of wastes are produced by the acerola

processing industry that may correspond to approximately

40% of the processed volume (Duzzioni et al. 2013). These

wastes are usually discarded or undervalued, which cause

environmental impact and in wastage of a material that

could be better used. In addition, Nogueira et al. (2019b)

found that the acerola wastes had high levels of phenols

and flavonoids and other antioxidant compounds, some of

which are higher in values than those in the edible parts of

the fruit (Bortolotti et al. 2013; Silva et al. 2013). This fact

has led to the growing effort to find a better use of the

residues from the acerola processing industry (Andrade

et al. 2016). The extraction of the antioxidant compounds

from acerola wastes could be an important step in the better

use of this waste, enabling the incorporation of these

compounds in products of the food, cosmetic, and phar-

maceutical industry (Silva et al. 2016).

Solid phase extraction step is generally used prior to

chromatographic determination of bioactive compounds.

Therefore, the solvent and the extraction method can

influence the final result. In addition to conventional solid–

liquid extraction (SLE), there are various other methods for

extracting antioxidant compounds from plants, including

pressurized liquid–solid extraction (Taham et al. 2015),

microwave-assisted extraction (Cardoso-Ugarte et al.

2014) and ultrasound-assisted extraction (Goula et al.

2016). The conventional solid–liquid extraction has some
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disadvantages such as the need for long periods of time

during the extraction process and relatively low yields

(Cardoso-Ugarte et al. 2014; Barrozo et al. 2013).

Ultrasound-assisted extraction is an alternative tech-

nique, which has various advantages compared with the

conventional extraction, including lower process time,

smaller amounts of solvents, and a higher extraction rate.

This extraction technique has been studied in the extraction

of antioxidant compounds from various materials, such as

medicinal herbs, fruits and plants (Xu et al. 2017; Jova-

nović et al. 2017; Goula et al. 2016).

During the ultrasound assisted extraction (UAE), a

combination of several mechanisms occurs enhancing the

extraction efficiency of organic compounds. The ultra-

sound waves cause the collapse of cavitation bubbles in the

liquid leading to a fragmentation of friable solids. The

reduction of particle size increases the surface area

resulting in higher mass transfer. The sonocapillarity and

the sonoporation effects may also be involved in the UAE.

The first one refers to the increase of penetration of liquid

into canals and pores under some conditions of sonication

and the second is the modification of the cell membrane

permeability through sound waves, usually ultrasonic fre-

quencies (Chemat et al. 2017).

In this work, the extraction of antioxidant compounds

from acerola residues using UAE was investigated. Mul-

tiple regression technique was used to quantify the effects

of the process time, solvent concentration, temperature, and

liquid/solid ratio on the total content of the main antioxi-

dant compounds (phenolic and flavonoid) and antioxidant

potential. The desirability function was used to identify the

best extraction conditions. The main antioxidant com-

pounds obtained under optimum operating conditions were

identified using HPLC method with ultraviolet (UV)

detector (HPLC–UV).

Materials and methods

Material

The acerola wastes used in the experiments were obtained

from the Frutpres Company (Presidente Olegário, Brazil).

The acerola wastes had been previously dried, triturated,

sieved (0.6 mm), packed and stored at - 18 �C. The

acerola waste used in the experiments had a moisture

content of 7.1 ± 0.5 g/100 g (dw), a pH of 3.88 and an

ascorbic acid content of 3558.7 ± 131.0 mg/100 g (dw).

Gallic, caffeic, p-coumaric acids, rutin, and 2,2-diphe-

nyl-1-picrylhydrazyl (DPPH) were purchased from Sigma-

Aldrich (St. Louis, USA). Acetonitrile, methanol, ethanol,

acetic, and phosphoric acids were supplied by Merck

(Darmstadt, Germany).

Extraction procedures

The ultrasound-assisted extractions (UAE) were performed

in an Embrasol ultrasonic bath model LS-55DA-2X (Itan-

hém, Brazil) with frequency of 33 kHz and power of

1050 W. During the tests, the fruit residues were protected

from light exposure. The variables temperature (T), ethanol

concentration (C), process time (t), and liquid/solid ratio

(R) were analyzed. The volume of the hydroethanolic

solution was kept constant (40 mL) in all experiments.

After extraction, the filtrate was analyzed in order to

determine its total contents of phenolic and flavoinoid

compounds, and its antioxidant potential.

A conventional solid–liquid extraction (SLE) was per-

formed in a vortex using ethanol as solvent. The liq-

uid/solid ratio used in this experiment was the same that

found in the optimum condition of the UAE. The solution

volume used was 40 mL (Silva et al. 2016).

Bioactive compounds and DPPH

The analyses for determination of bioactive compounds in

this work were: Total phenolic content (TPC) and Total

flavonoid content (TFC). In addition to these bioactive

compounds determination, the DPPH (radical scavenging

activity) analyses were also performed, as an indicative of

antioxidant capacity. These analyses were carried out in a

Pró-análise UV–Vis spectrophotometer model V-1200

(Porto Alegre, Brazil).

The TPC was measured by the Folin-Ciocalteu assay

(Singleton and Rossi 1965). Gallic acid monohydrate

(99%) was used as a standard to prepare the calibration

curve, which reading was from 0.2 to 2.0 mg/mL. The TPC

in the extract was presented in term of milligram gallic acid

equivalent (GAE)/100 g (dw).

The aluminium chloride colorimetric assay (Zhishen

et al. 1999) was used to measure the TFC. Rutin hydrate

(94%) was used as a standard. The linear standard curve

reading was from 20 to 80 lg/mL.The TFC was presented

as lg of rutin/100 g (dw).

The 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical

scavenging method, as described by Brand-Wiliams et al.

(1995), was used for evaluating the antioxidant potential of

the extracts. The IC50 of the acerola waste was measured

by spectrophotometric method (at 515 nm). The IC50 is the

amount of an antioxidant required to decrease the initial

DPPH concentration by 50%. The lower IC50 value indi-

cates the greater overall effectiveness of the antioxidant.

HPLC characterization

The extract generated under optimum point was analyzed

using a HPLC–UV for identification of the main bioactive
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compounds. The obtained extract was concentrated by

rotary evaporation and re-dissolved using methanol. Then,

it was filtered using a 0.22 lm microporous membrane.

Phenolic acids and flavonoids were identified by comparing

the retention times and peaks area with those of pure

standards. The analyses were performed in a Shimadzu

HPLC (model LC-20AT Prominence) (Kyoto, Japan)

equipped with a controller CBM-20A system, an automatic

liquid sampler (ALS), an UV–Vis Detector (model SPD-

20AV), and a Discovery HS C18 column. The flow rate

was set to 0.7 mL/min at 40 �C and the injection volume

was set to 20 lL.

The phenolic acids were identified using the methodol-

ogy reported by Ribeiro et al. (2015). The mobile phases

were acetic acid 2% (eluent A) and a mixture of acetic acid

0.5% and acetonitrile (50:50; eluent B). The gradient pro-

gram was from 10 to 24% B (20 min), from 24 to 30% B

(20 min), from 30 to 55% B (20 min), from 55 to 100% B

(15 min),100% B isocratic (8 min), from 100 to 10% B

(2 min). The run time was 90 min and the phenolic acid

elution was monitored at 280 nm.

The procedures outlined in Haminiuk et al. (2012) were

used to identify the flavonoid compounds. The mobile

phases were acidified water with phosphoric acid 1% (v/v,

eluent A) and acetonitrile (eluent B). The gradient program

was from 0 to 15% B (2 min), 15–25% B (3 min), 25–30%

B (5 min),30–35% B (5 min), 35–50% B (10 min),

50–60% B (5 min), 60–80% B (5 min), 80–100% B

(10 min), and 100–5% B (15 min) with total run time of

60 min. The flavonoid elution was monitored at 320 nm.

Spectral analysis FT-IR

The FT-IR spectrum was obtained using a Bruker Equinox

55 spectrometer (Ettlingen, Germany). The spectrum was

scanned in the range from 4000 to 400 cm-1 with KBr

(potassium bromide) tablets and the sample/KBr ratio was

kept constant.

Experimental design and data analysis

The ultrasound-assisted extractions of antioxidant com-

pounds from acerola waste were performed under different

operating conditions. The investigated factors were ethanol

concentration in the hydroethanolic solution (9 1),

extraction time (9 2), temperature (9 3), and liquid/solid

ratio (9 4). For each variable, 5 levels were selected

according to a central composite design (CCD) with five

replicates at central levels and orthogonal alpha of 1.547

(Barrozo et al. 1998). The experimental runs were per-

formed randomly in order to minimize systematic errors.

The analyzed responses included the total contents of

phenolic and flavonoid compounds (TPC and TFC) and the

IC50. The independent variables were transformed into

dimensionless (coded) forms using Eqs. (1–4).

x1 ¼ C � 81:8

11:8
; ð1Þ

x2 ¼ t � 60

30
ð2Þ

x3 ¼ T � 50

20
ð3Þ

x4 ¼ R� 32

18
ð4Þ

where C is in %, t is in min, T is in �C, and R is in mL/g.

Regression equations were obtained by fitting the

experimental data of each response into a polynomial

model (Eq. 5) (Barrozo et al. 2014).

y ¼ b0 þ
Xn

i¼1

bixi þ
Xn

i¼1

biix
2
i þ

X

i

X

j

bijxixj i\jð Þ

ð5Þ

where y is the specific dependent variable (TPC, TFC or

IC50), bo is the independent parameter, bi, bii and bij are

respectively the coefficients related to the linear, quadratic

and interaction effects.

The effects of the independent variables on each

dependent variable were calculated and the significant

parameters determined by an analysis of variance

(ANOVA). Non-significant coefficients (p[ 0.05) were

then eliminated and the final prediction equation was fitted.

The adequacy of the fitted equations were evaluated based

on the values of the correlation coefficient, F and p.

The multiple response optimization used in this work

was the desirability function (Derringer and Suich 1980).

To verify the suitability of this methodology, extraction

under the optimized conditions was performed and the

results compared with the predicted values calculated by

the regression equations.

Results and discussion

Experimental results

Table 1 shows the TPC, TFC and IC50 results for each run

of the experimental design. These three responses show

great sensitivity to variations in the operating conditions.

The TPC ranged between 100.7 mg GAE/100 g dw (run

23) and 910.5 mg GAE/100 g dw (run 6). Run 23 yielded

the lowest TPC, which was performed at the lowest liq-

uid/solid ratio (R = 4.2 mL/g) and an intermediate ethanol

concentration (C = 81.8%), temperature (T = 50 �C) and

process time (t = 60 min). The highest TPC was obtained

in run 6, which was performed at a high (1) extraction time
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(t = 90 min) and liquid/solid ratio (R = 50 mL/g) and a

low (- 1) ethanol concentration (C = 70%) and tempera-

ture (T = 30 �C).

Run 23 also yielded the lowest TFC (0.6 lg of rutin/

100 g dw), whereas the greatest TFC was obtained in run

12, which was performed at a high (1) ethanol concentra-

tion (C = 93.6%), temperature (T = 70 �C), and liq-

uid/solid ratio (R = 50 mL/g), and a low (- 1) process

time (t = 30 min). The IC50 ranged between 6.3 lg/mL

(run 4) and 41.9 lg/mL (run 9).

To quantify the effects of the independent variables on

the studied responses, polynomial models were fitted to the

experimental data and response surfaces constructed.

Table 2 shows the multiple regression results for the three

responses. The prediction equations for TPC, TFC, and

IC50 yielded r2 of 0.98, 0.93, and 0.91, respectively.

The TPC was mainly affected by the linear parameters

of the ethanol concentration (negative effect) and the liq-

uid/solid ratio (positive effect), as well as the quadratic

contributions of ethanol concentration and liquid/solid

ratio. In addition to these parameters, two interactions were

significant, i.e., the interaction between temperature and

ethanol concentration (b13), and that between ethanol

concentration and the liquid/solid ratio (b14).

These effects can be clearly observed in Fig. 1a–c, in

which these response surfaces reveal the stronger effects on

the TPC of the ethanol concentration (coded x1) and liq-

uid/solid ratio (coded x4). High TPC values can be obtained

with a low C value and high R value. Adding a low amount

of water in organic solvents generally generates a medium

more polar, which helps the phenolic-compounds extrac-

tion. Most plant materials contain polar phenols that are

more easily extracted in hydroethanolic mixtures instead of

Table 1 Results of the central composed design

Run Independent variables Responses

C (%) t (min) T (�C) R (mL/g) TPC (mg GAE/100 g dw) TFC (lg of rutin/100 g dw) IC50 (lg/mL)

1 70.0 30.0 30.0 14.0 367.4 2.2 13.9

2 70.0 30.0 30.0 50.0 867.6 3.1 7.8

3 70.0 30.0 70.0 14.0 354.4 2.0 8.6

4 70.0 30.0 70.0 50.0 872.0 4.5 6.3

5 70.0 90.0 30.0 14.0 375.3 2.2 20.4

6 70.0 90.0 30.0 50.0 910.5 3.3 12.0

7 70.0 90.0 70.0 14.0 346.0 1.8 12.8

8 70.0 90.0 70.0 50.0 864.4 4.4 7.3

9 93.6 30.0 30.0 14.0 249.8 2.3 41.9

10 93.6 30.0 30.0 50.0 420.3 3.8 19.2

11 93.6 30.0 70.0 14.0 336.1 1.6 23.3

12 93.6 30.0 70.0 50.0 548.8 4.7 11.8

13 93.6 90.0 30.0 14.0 277.1 2.5 27.3

14 93.6 90.0 30.0 50.0 467.4 4.0 27.1

15 93.6 90.0 70.0 14.0 329.8 2.9 20.0

16 93.6 90.0 70.0 50.0 580.8 4.3 12.0

17 63.5 60.0 50.0 32.0 690.8 3.6 9.9

18 100.0 60.0 50.0 32.0 248.4 3.2 32.8

19 81.8 13.6 50.0 32.0 612.2 2.7 9.0

20 81.8 106.4 50.0 32.0 644.3 3.3 7.2

21 81.8 60.0 19.1 32.0 556.6 2.3 11.1

22 81.8 60.0 80.9 32.0 588.4 3.7 7.3

23 81.8 60.0 50.0 4.2 100.7 0.6 33.6

24 81.8 60.0 50.0 59.8 752.8 3.4 10.1

25 81.8 60.0 50.0 32.0 694.4 2.9 7.9

26 81.8 60.0 50.0 32.0 707.5 3.0 8.5

27 81.8 60.0 50.0 32.0 684.5 2.9 8.3

TPC (mgGAE/100 g); TFC (mgrutin/100 g); IC50 (lg/mL)
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absolute ethanol (Tsakona et al. 2012). In addition, an

excess of solvent (high R) favors the mass transfer process

due to the greater antioxidant compounds concentration

gradient. It can also be noted that the extraction times used

in the experiments were sufficient for phenolic-compounds

extraction. Goula et al. (2016) emphasized that UAE

enables extraction times up to 100 times shorter than those

required when using conventional methods. This may

occur due to the solids fragmentation caused by the cavi-

tation bubbles collapse, the sonocapillarity, the sonopora-

tion, and the mixing effect generated by the waves

propagation (Chemat et al. 2017).

The parameters that significantly (p\ 0.05) affected the

TFC were the linear coefficients of the liquid/solid ratio

and temperature (positive effects), and the quadratics

contributions of C and R, as well as the parameter related

to the T and R interaction (b34). The response surfaces

presented in Fig. 1d–f show the strongest effects on the

TFC of temperature (coded x3) and liquid/solid ratio

(coded x4). The best results were obtained with high levels

of these variables (T and R). As the temperature increases,

the solubility of the analytes enhances and facilitates the

diffusion and extraction of these compounds (Lou et al.

2010).

Lower values of IC50 is an indicative of higher antiox-

idant activity. The parameters that negatively and signifi-

cantly affected the IC50, i.e., indicating an improvement in

the antioxidant activity, were the linear coefficients of

temperature and liquid/solid ratio, which is the same trend

observed for TFC. The linear effect of ethanol

concentration, as well as the quadratic contributions of

ethanol concentration and liquid/solid ratio, were also

significant. Figure 1g–i show the response surfaces with

these significant effects. The similar behavior of the three

responses in relation to the independent variables are

clearly verified in Fig. 1.

Ghitescu et al. (2015) extracting polyphenols from

spruce wood bark and Tomšik et al. (2016) extracting

bioactive compounds from wild garlic (Allium ursinum L.)

observed similar behavior than that found in this work

related to the effect of ethanol concentration and temper-

ature on the extraction of these compounds. Furthermore,

Paz et al. (2015) observed that an increase in the liquid–

solid ratio led to a enhancing in extraction of polyphenols

from native plants in the Mexican desert using UAE.

Optimization study

In order to determine the best operating conditions, i.e.,

those that lead to the highest TPC and TFC values and the

lowest IC50, a multiple response optimization study based

on desirability functions was performed. Figure 2 shows

the overall desirability function data, from which can

observed that the extraction time (coded 9 2) did not

influenced the optimazion of TPC, TFC, and IC50.

Figure 2 also show a synthesis of the best experimental

range. Based on the results, the optimum conditions were

as follows: the highest temperature (80.9 �C) and liq-

uid/solid ratio (59.8 mL/g), the ethanol should be between

67.2 and 67.8%, so the average value (67.5%) was chosen.

Table 2 Regression results for TPC, TFC and IC50

Regression parameters TPC coefficients p value TFC coefficients p value IC50 coefficients p value

b0 655.144a \ 1 9 10–4 2.811a \ 1 9 10–4 9.338a 0.0008

b1 - 116.998a \ 1 9 10–4 0.095 0.2650 6.203a \ 1 9 10–4

b2 8.879 0.4113 0.102 0.233 0.159 0.8676

b3 16.651 0.1364 0.239a 0.0126 - 3.530a 0.0027

b4 187.856a \ 1 9 10–4 0.911a \ 1 9 10–4 - 4.862a 0.0002

b11 - 61.833a 0.0009 0.293a 0.0203 4.590a 0.0034

b22 4.484 0.7552 0.126 0.2726 - 0.949 0.4667

b33 - 18.820 0.2054 0.126 0.2726 - 0.489 0.7052

b44 - 79.744a 0.0001 - 0.292a 0.0210 4.799a 0.0025

b12 4.081 0.7373 0.087 0.3649 - 1.606 0.1582

b13 29.056a 0.0309 - 0.062 0.5139 - 1.831 0.1119

b14 - 77.931a \ 1 9 10–4 0.025 0.7925 - 1.256 0.2621

b23 - 7.219 0.5550 \ 1 9 10–4 1.0000 - 0.119 0.9132

b24 5.869 0.6304 - 0.087 0.3649 1.281 0.2532

b34 6.469 0.5963 0.287a 0.0093 0.631 0.5652

r2 0.979 0.932 0.910

aSignificant at a = 0.05
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Since, the time was not statistically significant for any of

the responses, the shortest time used in the CCD (13.6 min)

was selected.

Confirmatory experiments were performed at this opti-

mum conditions and the results obtained were

931.2 ± 40.1 mg/100 g (dw) for TPC, 4.8 ± 0.3 mg/

100 g (dw) for TFC, and 5.6 ± 0.3 lg/mL for IC50. The

predicted values from the regression equations under these

conditions were 912.1 mg/100 g (dw), 5.2 mg/100 g (dw),

and 5.9 lg/mL for TPC, TFC, and IC50, respectively. This

means that the prediction deviations were 2.1% for TPC,

8.3% for TFC, and 5.4% for IC50, indicating that the

regression equations were able to successfully predict the

responses analyzed.

Figure 3 shows the TPC, TFC and IC50 results obtained

in the 27 CCD experiments, as well as those obtained under

optimized conditions. The responses obtained under the

optimized conditions are indicated by a horizontal line. The

Fig. 1 Response surface results for TPC, TFC and IC50
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Fig. 2 Results of the

optimization study
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highest TPC and TFC values and the lowest IC50 value,

obtained under optimized conditions as compared with

those obtained in all the CCD experiments confirm the

appropriateness of the methodology used in this study.

An extra extraction of antioxidant compounds of the

acerola residue was performed using the conventional

solid–liquid extraction (SLE). This experiment was carried

out in the liquid–solid ratio indicated in the optimized

conditions of ultrasound-assisted extraction, i.e., 59.8 mL/

g. The results obtained using the SLE were: TPC = 211.8

± 4.5 mg/100 g (dw), TFC = 2.5 ± 0.3 mg/100 g (dw),

and IC50 = 18.8 ± 0.4 lg/mL. It can be observed that the

values found using the UAE were 339.7% and 92% greater

than those obtained using the SLE for TPC and TFC,

respectively. On the other hand, the IC50 obtained in UAE

was 70.2% lower than that obtained in conventional

extraction.

HPLC results

An HPLC assay of the extracts generated at the optimum

conditions was performed, which showed a major presence

of gallic acid (111.7 ± 16.0 mg/100 g dw), caffeic acid

(1.4 ± 0.2 mg/100 g dw), p-coumaric acid (4.9 ± 0.2 mg/

100 g dw) and rutin (1.2 ± 0.2 mg/100 g dw). No quer-

cetin, kaempferol or ferulic acid were detected. The levels

of the compounds obtained from acerola residues in this

work are consistent with those obtained in previous studies

of acerola. For example, Nogueira et al. (2019b) found the

84.58 mg/100 g (dw) of gallic acid, 2.92 mg/100 g (dw) of

p-coumaric acid, and 0.91 mg/100 g (dw) of rutin for

acerola residues. Therefore, the results found in this work

were 32.1%, 67.8% and 31.9% higher for gallic acid, caf-

feic acid, p-coumaric acid, and rutin, respectively, as

compared with this previous study.

The antioxidant properties of phenolic acids are related

to heart disease and cancer prevention, cholesterol inhibi-

tion, and healthy aging (Zhao et al. 2017). Gallic and

caffeic acids can inhibit the lipid peroxidation process and

Fig. 3 TPC, TFC and IC50 from the CCD and under optimum condition
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p-coumaric acids may have useful therapeutic effects in the

prevention of vascular disorder, as thrombosis (Janicke

et al. 2005). Rutin has antidiabetic and anti-inflammatory

properties, and may have useful effect in Parkinson’s dis-

ease treatment (Gullón et al. 2017). Therefore, the bioac-

tive compounds extraction from acerola residues is a good

alternative that can add value to this material, such as for

use by the pharmaceutical industry.

Infrared spectroscopy

Figure 4 shows the infrared spectrum of the acerola resi-

dues, which is similar to the one described by Nogueira

et al. (2019a) also for the acerola residue. These spectra

also have similarities with those of other lignocellulosic

biomasses, differing only in the intensity of the peaks and

bands (Ghitescu et al. 2015).

The bands observed at 3398 cm-1 and 2924 cm-1 are

characteristic for hydroxyl stretching vibrations and the

axial deformation of CH that can be attributed to phenolics

and carboxylic acids (Anjos et al. 2015; Liao et al. 2015).

The peaks from 1631 cm-1 to 1452 cm-1 are due to the

OH vibrations of water molecules and polyphenols,

stretching of the carbonyl (C=O), and the phenyl ring

(C=C) (Cascant et al. 2016; Movasaghi et al. 2008). The

absorption band at 1294 cm-1 can be related to the C=C–

O–C stretch (Jin et al. 2007). The peak at 1151 cm-1

corresponds to the C–OH of phenyl (Hu et al. 2016). The

bands between 1200 and 1050 cm-1 are associated to

phenolic compounds and the C-O stretching vibration of

the polysaccharide. The region between 800 and 550 cm-1

is related to the vibrations of various carbonates as well as

being characteristic of aromatic C–H and N–H amines

(Cascant et al. 2016).

Conclusion

The main conclusions of this study were as follows:

• The extracts of acerola residue were rich in antioxidant

compounds

• The optimum operating conditions were ethanol con-

centration of 67.5%, extraction time of 13.6 min,

temperature of 80.9 �C, and liquid/solid ratio of

59.8 mL/g.

• These optimum conditions yielded a TPC of

931.2 ± 40.1 mg GAE/100 g (dw), a TFC of

4.8 ± 0.3 mg rutin/100 g (dw), and an IC50 of

5.6 ± 0.3 lg/mL.

• The HPLC analyses and FT-IR results enabled the

identification of antioxidant compounds that are asso-

ciated with disease prevention

• Ultrasound Assisted Extraction yielded better results

when compared with those obtained using conventional

extraction.
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