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INTRODUCTION

Phenolic compounds, plant secondary metabolites, are 
important determinants in the sensory and nutritional 
quality of  fruits and vegetables (Arruda et al. 2018) and 
which have shown a variety of  activities, such as antioxidant, 
antimutagenic, antiallergenic, anti-inflammatory, and 
antimicrobial effects (Martins et al., 2011), can be used a lot 
in the areas of  biology, medicine and food. According Ayala-
Zavala et al. (2011), there is a potential to isolate specific 
phytochemicals from tropical fruits and their by-products 
to use as nutraceutical supplements, dietary additives, new 
food and pharmaceutical products thus contributing to the 
recovery of  agroindustrial processing waste, with major 
industrial, economic and environmental impacts.

In the extraction of  bioactive compounds, compared with 
conventional method, ultrasonic-assisted extraction (UAE) 
is one of  the most inexpensive, rapid, simple and efficient 
techniques. UAE present high reproducibility, requires a 
short time for extraction, significant reduction in solvent 
consumption, significant reduction in solvent consumption 
and lower temperatures, consequently lower overall energy 
input (Yan et al. 2011, Chen et al., 2012, Fan et al., 2012). 
Due to these advantages, ultrasound technology is used 
in various industries, such as the food industry, chemical 
industry, and material industry (Leonelli and Mason, 2010). 

In order, the optimization approaches based on an 
experimental design have been used to evaluate the 
variable affecting UAE (Ma et al., 2009). Response surface 
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methodology (RSM), an effective statistical technique for 
the modeling and optimization of  complex processes, has 
been used increasingly to optimize processing parameters 
and reduced number of  experimental trials needed to 
evaluate multiple parameters and their interactions. 
Therefore, it is widely used to optimize the extraction 
parameters of  compounds such as polysaccharides (Zhu 
and Liu, 2013), anthocyanins (Pinho et al., 2011), phenols 
(Wang et al., 2013), and proteins (Li and Fu, 2005) from 
different materials.

Besides experimental design, some parameters such 
as solvent, temperature, pressure and time are the 
most common factors affecting compounds extraction 
(Hernandez et al., 2009). For the extraction of  phenolic 
compounds from plant using UAE, the ethanol is 
recommended to be environmentally friendly and non-toxic 
food grade organic solvents for application in food systems 
(Chen et al., 2015). The recovery of  phenolic compounds 
from acerola and lime waste by UAE was carried out using 
ethanol (46 and 55 %, respectively) as the solvent (Rezende 
et al., 2017; Rodsamran and Sothornvit, 2019). 

The cashew apple (Anacardium occidentale L.) is known to 
has high amounts of  ascorbic acid (Silva et al., 2013) and 
carotenoids besides phenolic compounds, such as phenolic 
acids, flavonoids and tannins (Michodjehoun-Mestres et al., 
2009, Bataglion et al., 2015, Cunha et al., 2017). Despite 
being rich in nutrients just 10 % of  total cashew production 
is processed into juice, pulp, jam, alcoholic beverages, and 
confectionary (Assunção and Mercadante, 2003). Besides 
this, cashew is usually utilized as animal feed or discarded 
as waste due to highly perishable shelf-life that limits its 
alternative use for the food industry (Macedo et al., 2015). 
To add commercial value to the industrial waste from 
cashew processing, an effective bioactive compounds 
extraction would be beneficial to recover functional 
ingredients.

Therefore, the objective of  this study was to use ultrasound-
assisted extraction and to evaluate effect of  extraction time 
and ethanol concentration as process variables to obtain 
bioactive compounds from cashew apple coproduct and 
in addition, from extraction optimized condition by RSM, 
analyze the antimicrobial potential of  extract against food 
pathogenic bacteria.

In this point of  view, the objective of  this study was to 
optimize two parameters (time and ethanol concentration) 
for the highest phenolic and flavonoid extraction from 
cashew apple coproduct by UAE using RSM. In addition, 
antimicrobial potential against food pathogenic bacteria 
and phenolic profiling by UPLC-QTOF of  extraction 
optimized condition were also evaluated.

MATERIAL AND METHODS

Obtention of cashew apple coproduct 
Ripened cashew apples (peduncles with intense red color 
and dry nut) were sanitized with 200 ppm of  commercial 
chlorine, and subsequent removal of  nuts. The peduncles 
were processed in a domestic centrifuge (Vicine®, model 
VCC-8000) to separate the pulp from the fiber. Then, the 
bagasse was dried in a stove (Tecnal®, model TE-394/2) 
with forced air circulation until reaching 6.7 % of  humidity. 
The dried bagasse was then reduced to a thin power using 
a slicer (Marconi®, model MA-48), and stored at -20 ºC 
until required for analyses. 

Ultrasound treatment to obtain the cashew apple 
coproduct extracts (CBE) 
Ultrasound-Assisted extraction (UAE) experiments were 
performed using an ultrasonic bath (Unique Model USC, 25 
kHz, 150 W) with a volume of  2.7 L (internal dimensions: 
14×24×9 cm). The extraction temperature was kept at 30 
± 1 ºC by circulating water from a thermostatic water bath. 
Each extract was prepared in plastic tubes (D = 30 mm; 
h = 115 mm) using 1 g of  the cashew apple coproduct 
powder and 10 mL of  the ethanol solution (1:10, w/v). 
The ethanol concentration in water (%, v/v) and extraction 
time (min) varied according to the values given in Table 1. 
Then, extractive solution was centrifuged at 12.000 g at 
4 ºC, and the supernatant was filtered in a Whatman N. 01 
filter paper. The optimized extracts to phenolic (CBE-P) 
and flavonoid (CBE-F) contents, and others extracts were 
stored at -20 ºC until required for analysis. 

Chromatographic profiling of extract
The phenolic profile of  CBE was conducted using an 
ultra-performance liquid chromatography (Acquity UPLC, 
Waters, UK) system coupled to a quadrupole/flight time 
mass spectrometer (Q-TOF MS, Waters, UK) (Sousa 
et al., 2016). Five µL of  CBE were injected onto system. 
Chromatographic separation was achieved on an Acquity 
BEH C18 column (150 mm × 2.1 mm, 1.7 µm; Waters) 
maintained at 40 °C. The flow rate was 0.4 mL min-1, the 
injection volume was 5 μL and the autosampler was set 
at 20 ºC. The mobile phase solutions consisted of  0.1 % 
formic acid in water (A) and 0.1 % formic acid in acetonitrile 
(B). The conditions of  the linear gradient elution were 
optimized as follows: 2 to 95 % B (0–15 min), 100% B 
(15–17 min), 2 % B (17.01), 2 % B (17.02–19.01 min). 

Later, the Q-TOF MS was used to detect phenolic profiling. 
The desolvation gas (high purity, N2) was adjusted to 
a temperature of  350 ºC with a flow rate of  500 L h-1. 
The capillary and cone voltages were set at 2.6 kV and 
0.5 V, respectively. The electrospray ionization source 
(ESI) operated in the negative ion mode ESI (-), which 
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is highly sensitivity to phenols. The mass accuracy and 
reproducibility were ensured by infusing lock mass 
calibration with leucine–enkephalin (0.2 ng µL-1 [M−H]−
ion at m/z 556.2771) thorough lock spray at a flow rate of  
20 µL min-1. The mass spectrometry data were collected 
for m/z values, which TOF mass range was from 110 to 
1180 Da with a scan time of  0.1 over an analysis time of  
19 min. The molecular formula assignments and accurate 
mass were obtained with the MassLynx 4.1 software 
(Waters, UK).

Total phenolics 
The phenolic content was determined using Folin-Ciocalteu 
reagent as described by Obanda and Owuor (1997). The 
absorbance was measured at 700 nm in triplicate using a 
spectrophotometer (Kasuaki® UV/VIS, model IL-592-BI, 
Japan). Gallic acid was used as standard, and the results 
expressed as mg gallic acid 100 g-1 per dry weight (DW).

Total flavonoids 
Total flavonoids content was determined using the method 
described by Patil et al. (2015) with some modifications. 
For the assay, 250 µL of  CBE-F was homogenized in 
750 µL of  the extractive solution (isopropanol: acetic acid: 
water; 8:1:1; v/v/v). The absorbance was read at 370 nm. 
Quercetin was used as standard. The assay was performed 
in triplicate and the data expressed as mg of  quercetin 
100 g-1 DW.. 

Antimicrobial activity
Bacterial strains
The antimicrobial activity of  CBE-P and CBE-F were 
evaluated against the Gram-positive bacteria Listeria 
monocytogenes ATCC 19115 (American Type Culture 
Collection) and Staphylococcus aureus ATCC 27664, and as 
well for the Gram-negative bacteria Escherichia coli ATCC 
25922, Salmonella enteritidis IAL 1132 (Adolfo Lutz Institute) 
and Pseudomonas aeruginosa IAL 1026.

Preparation and standardization of the inoculum
The inoculum of  the test bacteria was obtained by a 
culture growth method, standardized in preliminary tests, 
according to CLSI (2012) with modifications. Colonies 
were isolated from standard strains (Maintenance Agar, 
at 4 ºC) through of  depletion streaks in Soy Trypticase 
Agar (TSA/OXOID™), except for Listeria monocytogenes that 
was enriched with 0.6 % TSA of  yeast extract (TSA-Ye/
BACTO™). The plates were incubated at 35 ºC for 24 h. A 
colony isolated from each microorganism was selected and 
transferred in a tube containing 5 mL of  the enrichment 
broth. The enrichment broths used were Soy Tripticase 
(TSB/DIFCO™) for L. monocytogenes and Escherichia 
coli and Brain Heart Infusion (BHI/BACTO™) for the 
other bacteria. The tubes were incubated under the same 
conditions (35 ºC for 24 h). The inoculum concentration 
was adjusted by dilution with 0.1 % peptone water, resulting 
in a microbial suspension of  approximately 108 CFU mL-1. 

Agar diffusion 
The antimicrobial activities of  CBE-P and CBE-F 
were determined by agar diffusion, according to the 
methodologies described by CLSI (2012) and Oliveira 
et al. (2013), with modifications. Standardized bacterial 
suspensions were inoculated on sterile petri plates 
containing Müller-Hinton Agar (MH/OXOID™), except 
for the Listeria monocytogenes suspension, which used MH 
enriched with yeast (MH-YE™). After solidifying, 6 mm 
diameter orifices were made on the surface of  the agar with 
a sterile punch. These orifices were filled with 25 μL of  the 
CBE-P and CBE-F. Afterwards, the plates were incubated 
at 35 ºC for 24 h. After the incubation period, the diameters 
of  the inhibition halos around the wells (including the well 
diameter) were measured using a calibrated scale. Halos with 
diameters greater than or equal to 9 mm were considered 
positive (+), indicating bacterial sensitivity to the extracts 
(Oliveira et al., 2013). This method was conducted as a 

Table 1: Central composite design and experimental responses
Variables Responses

Runs Time (X1) (min) Ethanol (X2) (%) Total phenolics (Y1) (mg acid 
gallic 100 g‑1)

Total flavonoids (Y2) 
(mg quercetin 100 g‑1)

1 30.00 (‑1) 20.00 (‑1) 547.51 277.36
2 30.00 (‑1) 50.00 (+1) 756.54 408.88
3 70.00 (+1) 20.00 (‑1) 479.52 268.64
4 70.00 (+1) 50.00 (+1) 810.46 448.85
5 21.71 (‑1.41) 35.00 (0) 762.80 467.65
6 78.28 (+1.41) 35.00 (0) 860.73 600.41
7 50.00 (0) 13.78 (‑1.41) 536.26 199.31
8 50.00 (0) 56.21 (+1.41) 682.05 283.16
9 50.00 (0) 35.00 (0) 690.07 456.02
10 (CP) 50.00 (0) 35.00 (0) 764.28 508.63
11 (CP) 50.00 (0) 35.00 (0) 744.44 520.16
12 (CP) 50.00 (0) 35.00 (0) 733.94 484.15

(CP) Three central points of experimental design
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screening procedure for the antimicrobial activity of  the 
extracts and was used as a basis for investigations using the 
broth microdilution method.

Determination of the minimum inhibitory concentration 
(MIC) and minimum bacterial concentration (MBC) by 
the broth microdilution method
The MIC and MBC of  the extracts were determined 
using the broth microdilution method (Branen and 
Davidson, 2004, Brandt et al., 2010). The assays made 
against Staphylococcus aureus and Listeria monocytogenes were 
based on the screening results of  the antibacterial activity. 
For the Staphylococcus aureus, the concentrations evaluated 
were: 50, 25, 12.5 and 6.25 % (v:v) for both extracts 
(CBE-P and CBE-F), and for Listeria monocytogenes different 
concentrations were used: for polyphenols (CBE-P) 
(50, 25, 12.5, 6.25 and 3.13 %) and flavonoids (CBE-F) 
(50, 25, 12.5 and 6.25 %). The optical density readings 
were made after the microplate preparation (0 h) and 
after an incubation period of  24 h and 35 ºC, at 630 nm 
(DO630) using a microplate reader (model ELx8081IU, 
Biotek Instruments, Inc., USA). The MIC was defined as 
the lowest antimicrobial concentration that completely 
inhibits the microbial growth (increase in the DO630 ≤0.05 
after 24  h of  incubation). To evaluate the bactericidal 
activity, 100 µL of  the suspensions that were classified as 
inhibitory, were spread on the surface of  plates with TSA/
OXOID™ and TSA-Ye/BACTO™ respectively, for S. aureus 
and L. monocytogenes followed by incubation at 35 ºC for 
24 h. The MBC was defined as the lowest antimicrobial 
concentration capable of  reducing the number of  viable 
cells by at least 3 log10 CFU mL-1 (99.9 %).

Statistical analyses 
The effects of  ultrasound processing were studied 
through a 22 face-centered central composite rotatable 
design (CCRD) with three central points to evaluate the 
process repeatability, and two independent variables: 
ethanol concentration in water (%-v/v) and extraction 
time (min). The software Statistica (Statsoft® version 
10) was used to generate the experimental planning and 
to handle the data. The generated three-factor central 
composite rotated design (CCRD) consisting of  12 runs 
(2 factorial points, 4 axial points and 3 central points) 
(Table  1). The results were analyzed by the response 
surface methodology (RSM), and the models were 
validated by ANOVA. The effects of  the independent 
variables on the response were analyzed by Pareto charts. 
The surface graphs were used to evaluate the response 
changes (Table  1) as a function of  the independent 
variables, thus finding the best operating conditions to 
evaluate the antioxidant and antimicrobial activities of  
the bagasse extracts.

RESULTS AND DISCUSSION

Effect of ultrasound on the phenolics and flavonoids of 
bagasse cashew extracts: verification of the optimum 
conditions
The cashew apple coproduct was sonicated according to 
the experimental planning presented in Tables 1 and 2. The 
models used in this work are represented by Equations 
(1) and (2).

Y1 = 381.53-8.72 X1+0.059 X1
2+25.23 X2-0.34X2

2 

+0.101X1X2� (1)

Y2 = -290.46-2.97X1+0.029X1
2+43.44X2-0.590 X2

2+0.041 
X1X2� (2)

Where Y1: Total phenolics (mg of  acid gallic 100 g-1), Y2: 
Total flavonoids (mg of  quercetin 100 g-1), X1: time (min) 
and X2: ethanol (%; v/v). The R2 of  the models presented 
in Eqs. (1) and (2) were: 0.82 and 0.93, respectively. The 
calculated F-value (F9.7) were: 27.58 (Eq. (1)) and 70.36 
(Eq. (2)).

(CP) Three central points of  experimental design

The models were validated by ANOVA (Tables 2 and 3) 
analysis and the F-test at 95 % confidence level before 
building the response surface graphs presented in Fig. 1. 
All models were statistically significant since the calculated 
F values were higher than the listed F value at 95 % 
confidence level.

The linear effects of  ethanol observed on the Pareto chart 
(Fig. 1A) for the total phenolics was positive and significant, 
meaning that an increase in the ethanol concentration 
favored the extraction of  the phenolic compounds. 
Furthermore, the quadratic effect of  ethanol was significant 
and negative meaning that an increase in ethanol (%) favors 
the phenolics extraction (Figs. 1A; 1B). At high ethanol 
(%) values, the concentration of  phenolics decreased. The 
time (linear or quadratic) did not influence the extraction 
conditions at 5 % of  significance, nor the interaction 
between time and ethanol concentration (Figs. 1A; 1B). The 
best conditions for the phenolics extraction were: ethanol 
42.16 % (v/v) and an extraction time of  37.34 min, with 
predicted yield of  750.51 mg of  gallic acid per 100 g-1. 

According to Fonteles et al. (2016) sonicated cashew 
apple bagasse showed higher antioxidant activity, higher 
total phenolic compounds and higher vitamin C content 
when compared to the non-sonicated samples. According 
to the authors, the increase in the antioxidant compounds 
is because the sonication induced the disruption of  
the cashew bagasse parenchyma, which resulted in 
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lower resistance to water diffusion, less hysteresis, and 
an increased rehydration rate. Rodrigues et al. (2015) 

evaluated the effect of  ultrasound extraction on phenolics 
and anthocyanins in jabuticaba peel, and these authors 

Table 2: Analysis of variance for studied experimental response on phenolics content
Source Sum of 

Square (SS)
Degree of 

freedom (Df)
Mean 

Squares (MS)
Source SS Df MS F(calculated value)

X1 (time) (L) 1935.80 1 1935.81 Regression 144729.11 11 126399 27.58
X1

2 (Time)(Q) 3624.30 1 3624.29 Error 27494.40 6 4582.40
X2 (ethanol) (L) 69549.60 1 69549.57 R2 0.93
X2

2 (ethanol) (Q) 38410.80 1 38408.94 F(listed value) 3.09
X1X2 3716.10 1 3716.09
Lack of fit 24541.20 3 8180.39
Pure Error 2953.30 3 984.42
Total SS 144729.10 11 126399.50

Table 3: Analysis of variance for studied experimental response on phenolics content on flavonoids content
Source Sum of 

Square (SS)
Degree of 

freedom (Df)
Mean 

Squares (MS)
Source SS Df MS F(calculated value)

X1 (time) (L) 5996.30 1 5996.30 Regression 159497.60 11 150918.10 70.36
X1

2 (Time)(Q) 877.90 1 877.90 Error  12869.3 6 2144.90
X2 (ethanol) (L) 23107.40 1 23107.40 R2 0.82
X2

2 (ethanol) (Q) 116054.30 1 116054.30 F(listed value)	 3.09
X1X2 592.50 1 592.50
Lack of fit 10443.20 3 3481.10
Pure Error 2426.10 3 808.70
Total SS 159497.60 11 150918.10

Fig 1. Pareto test and surface response graph for polyphenolic (A and B) and flavonoid (C and D) optimized extraction from cashew-apple coproduct.
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optimized the operating conditions of  extraction to 10 min 
in a 46 % (v/v) ethanol: water solution acidified at pH 1, 
with a yield of  phenolics compounds of  92.80 mg of  gallic 
acid per g-1 dry peel.

Interestingly, as reported by these authors, the mild 
concentration of  ethanol (46 %) was observed as the 
optimized condition for extraction in our study for phenolics 
(~43 %). The effect of  the ultrasound is attributed to its 
interaction with the plant material, altering its physical 
and chemical properties, and to the cavitation effect, 
which facilitates the release of  extractable compounds and 
enhances the mass transport by disrupting the plant cell 
walls (Chemat et al., 2011). Solvent concentration plays a 
significant role in the extraction of  phenolic compounds 
from plant materials, and ethanol is the preferred solvent 
in the food industry as it is regarded as a dietary alcohol.

For total flavonoids, the quadratic effect of  ethanol was 
significantly more negatively pronounced, meaning that the 
increase in ethanol (%) favors the extraction of  flavonoids 
only up to a certain value (Figs. 1C; 1D). The linear effects 
of  ethanol were positive and significant, meaning that the 
increase of  ethanol concentration favored the extraction 
of  the flavonoid compounds. However, at high ethanol 
(%) values (up 50 %), the concentration of  flavonoids 
decreased (Figs. 1C; 1D). The time (linear or quadratic) 
did not influence the extraction conditions at 5 % of  
significance, nor the interaction between the independent 
variables (time versus ethanol) (Figs.  1C;  1D). The best 
conditions were: ethanol 37.15 % (v/v) and an extraction 

time of  25.13 min, with predicted yield of  479.07 mg of  
quercetin 100 g-1.

To standardize the extraction of  phytochemicals is 
important to maximize the yield, and ultrasound assisted 
extraction has shown reduced the extraction time 
significantly if  compared to the traditional methods, 
besides to use less extraction solvent when conditions are 
optimized.

Phenolic profile of cashew bagasse extract by UPLC-
QTOF
The chromatographic profile of  the extract was able to 
identify 15 compounds through the observed retention 
times, fragmentation patterns (MS2) and compared with 
data reported by other studies (Fig. 2). 

UPLC-QTOF-MS chromatogram of  the chemical 
constituents present in the hydroalcoholic extract of  
cashew-apple coproduct. Mode ESI-110-1180 Da. Waters 
Acquity UPLC BEH column (150 x 2.1 mm, 1.7 µm), 
fixed temperature 40 °C, mobile phases water with 0.1 % 
formic acid (A) and acetonitrile with 0.1 % formic acid (B), 
gradient ranging from 2 % to 95 % B (15 min), flow rate 
0.4 mL min-1 and injection volume 5 µL.

Table  4 shows the compounds tentatively identified. 
Peaks 2, 3 and 4 were identified as citric, gallic acids 
and dehydrophaseic acid hexoside by their ion [M-H] at 
m/z 191, 169 and 443, respectively. Their fragmentation 
patterns at m/z 111, 125 and 281 are characteristic of  
the loss of  water molecules, CO2 and hexose (Spínola 

Fig 2. Chromatographic profile obtained from cashew-apple coproduct.
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et al., 2015, Michodjehoun-Mestres et al., 2009, Cunha 
et al., 2017). Quercetin and myricetin derivatives 
have been identified by their specific ions at m/z 301 
and 317 corresponding to deprotonated molecules. 
Taking into account the hexose and rhamnose losses 
in -162 and -146, the peaks 6, 7 and 8 were identified 
as myricetin-O-hexoside, myricetin-O-rhamnoside and 
quercetin-O-rhamnoside, respectively, and the peaks 
9, 10 and 11 as myricetin and quercetin derivatives 
(Michodjehoun-Mestres et al., 2009, Cunha et al., 2017). 
The fragmentation pattern of  peak 12 helped identify 
the fatty acid trihydroxyoctadecenoic acid through data 
reported in the literature (Farag et al., 2015). Anacardic 
acids are commonly identified in Anacardiaceae, and peaks 
13, 14 and 15 were identified as anacardic acids 15:3, 15:2 
and 15:1 which differ by the absence of  double bonds 
(Michodjehoun-Mestres et al., 2009).

Antimicrobial effect of cashew apple coproduct extracts
The agar diffusion method is recommended to evaluate 
antimicrobial susceptibility in vitro, through qualitative 
results, and is widely used in screening of  new agents 
with antimicrobial potential, such as plant extracts and 
microorganisms (Balouiri et al., 2016). The CBE-F and 
CBE-P were tested against strains of  Gram-positive 
(Listeria monocytogenes and Staphylococcus aureus) and 

Gram-negative bacteria (Escherichia coli, Salmonella enteritidis 
and Pseudomonas aeruginosa) by the diffusion method in agar. 
The results are presented in Table 5 based on the diameter 
size of  the inhibition halos formed. The CBE-P was 
active only against the strains of  Gram-positive bacteria, 
with inhibition halos larger than 9 mm (Table  5). The 
Listeria monocytogenes proved to be more sensitive to the 
CBE-P, producing an inhibition halo of  17 mm. However, 
Staphylococcus aureus was also susceptible to the extracts 
evaluated; reaching the same values of  inhibition halo for 
both extracts (15 mm) (Table 5). Generally, Gram-positive 
bacteria are more sensitive to the action of  antimicrobials 
from plant extracts (Engels et al., 2011, Rodríguez-Carpena 
et al., 2011). The higher resistance of  Gram-negative cells 
is attributed mainly to their cell wall structures, which 
present an outer membrane and a lipopolysaccharide 
layer acting as a barrier, and these are able to restrict 
the diffusion of  compounds (e.g macromolecules and 
hydrophobic compounds) into the cells (Raybaudi-Massilia 
et al., 2009).

Based on the preliminary results of  the agar diffusion 
assays, the bacterial strains sensitive to the extracts tested 
(inhibition halo ≥ 9 mm) were selected for the broth 
microdilution assay. This method was used to determine 
the antimicrobial potential of  the extracts, and therefore 

Table 4: Identification of compounds in cashew-apple coproduct by UPCL-QTOF-MSE

Peak
no.

Rt
min

[M‑H]‑ 

Observed
[M‑H]‑ 

Calculated
Product Ions 

(MS/MS)
Empirical 
Formula

Ppm 
(error)

Putative Name Referências

1 2.36 195.0500 195.0505 ‑ C6H11O7 ‑2.6 Unknow ‑
2 1.87 191.0194 191.0192 111.0101 C6H7O7 1.0 Citric acid (Spínola et al., 2015)
3 3.55 169.0138 169.0137 125.0204 C7H5O5 0.6 Galic acid (Michodjehoun‑Mestres, 

et al., 2009)
4 3.91 443.1906 443.1917 281.1108, 

143.0502, 
119.0332

C21H31O10 ‑2.5 Dehydrophaseic acid 
hexoside

(Cunha et al., 2017)

5 4.14 635.0871 635.0884 465.0600, 
313.0526

C27H23O18 ‑2.0 Unknow ‑

6 4.25 479.0820 479.0826 317.0299, 
316.0206

C21H19O13 ‑1.3 Myricetin‑O‑hexoside (Cunha et al., 2017)

7 4.39 463.0871 463.0877 317.0223, 
316.0215

C21H19O12 ‑0.6 Myricetin‑O‑rhamnoside (Cunha et al., 2017)

8 4.56 447.0909 447.0927 301.0310, 
300.0235

C21H19O11 ‑4.0 Quercetin‑O‑rhamnoside (Michodjehoun‑Mestres, 
et al., 2009)

9 4.97 609.1248 609.1244 317.0185, 
316.0215

C30H25O14 0.7 Myricetin derivative ‑

10 5.05 609.1242 609.1244 317.0285, 
316.0237

C30H25O14 ‑0.3 Myricetin derivative ‑

11 5.20 593.1293 593.1295 301.0357, 
300.0245

C30H25O13 ‑0.3 Quercetin derivative ‑

12 5.46 329.2322 329.2328 229.1402, 
211.1312, 
171.1001

C18H33O5 ‑1.8 Trihydroxy‑octadecenoic 
acid

(Farag, et al., 2015)

13 9.64 341.2119 341.2117 297.2242, 
119.0493

C22H29O3 0.6 (15:3)‑Anacardic acid (Cunha et al., 2017)

14 10.37 343.2262 343.2273 299.2346 C22H31O3 ‑3.2 (15:2)‑Anacardic acid (Cunha et al., 2017)
15 11.29 345.2419 345.2430 301.2546 C22H31O3 ‑3.2 (15:1)‑Anacardic acid (Cunha et al., 2017)
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it was possible to define the minimum inhibitory (MIC) 
and minimum bactericidal (MBC) concentrations (Table 6).

The CBE-P showed the best inhibitory potential, with 
a MIC value of  4.425 μg mL-1 for both microorganisms 
tested (Table  6). For CBE-F, a higher concentration 
was required to obtain a complete inhibition of  the 
L. monocytogenes and S. aureus bacteria, with MIC values of  
8.300 μg mL-1 (Table 6). Dias-Souza et al. (2017) reported 
that the extract of  pulp cashew presented inhibitory and 
bactericidal effects against Staphylococcus aureus strains at 
15.60 and 125 μg mL-1 respectively; and HPLC analysis 
confirmed the presence of  polyphenols associated with 
antimicrobial activity. 

Interestingly, the MBC found for the CBE-P extracts 
was 8.850 μg mL-1 for both bacterial strains tested; and 
curiously, CBE-F presented inhibitory and bactericidal 
action with the same minimum concentration (8.300 μg 
mL-1) (Table  6). Furtado et al. (2000) investigated the 
antimicrobial activity of  the hydroalcoholic extract of  
cashew apple coproducts against Streptococcus mutans AU 
159 and its biofilm and obtained a MIC and MBC of  500 
and 1000 μg mL-1, respectively. 

CONCLUSION 

In the present study, the influence of  ethanol (%) on 
the extraction of  antioxidant compounds from cashew-
apple coproduct was significant. The optimized processes 
configuration for phenolics (ethanol 42.16 % (v/v) and 
extraction times of  37.34 min) and flavonoids (ethanol 
37.15 % (v/v) and extraction times of  25.13 min) providing 
a great yield of  750 mg of  gallic acid per 100 g-1 and 
479.07 mg of  quercetin per 100 g-1, respectively. These 
results suggested ultrasound-assisted extraction as an 
alternative method to obtain bioactive compounds from 
cashew-apple coproduct using less solvent and shorter 
process time. In addition, the extracts presented antioxidant 
compounds such as quercetin and myricetin derivatives, 
gallic acid and anacardic acid, which may have contributed 
to antimicrobial effect against Staphylococcus aureus and 
Listeria monocytogenes.
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