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Application of Response Surface Methodology and 
Simplex-Centroid Design to Extraction of Phenolic 
Compounds from Avocado (Persea americana) Using 
UV-Vis Spectrophotometry

Aplicação da Metodologia de Superfície de Resposta e Design Simplex-
Centróide para Extração de Compostos Fenólicos de Abacate (Persea 
americana) Usando Espectrofotometria UV-Vis
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Avocado (Persea americana) is a fruit rich in bioactive compounds, such as phenolic acids substances 
involved in combating oxidative stress. Considering that the single solvent extraction method can show 
low-efficiency, this work investigated the effect of different solvents (acetone, ethanol, methanol, and 
water) in the extraction of phenolic compounds in the avocado pulp and peel through simplex-centroid 
design, using the response surface methodology. The results, evaluated in mg of Gallic Acid Equivalent 
(GAE), show that most of the phenolic compounds are present in the peel. Optimized conditions were 
acetone:ethanol mixture (57.61 ± 0.92 mg GAE g−1 dry weight) for peel and the ethanol:water mixture 
(10.71 mg GAE g−1 dry weight) for pulp. Furthermore, the quadratic model from ANOVA proved to 
be significant, describing 99.30% of the experimental results for the peel and 99.92% for the pulp, 
evidencing the importance of mixture designs to increase the extraction yield of these compounds. The 
accuracy has been confirmed by spike with a gallic acid standard the avocado samples (peel and pulp), 
showed recovery >94% (RSD < 3.5%). The significant phenolic compounds concentration in avocado 
peel makes this fraction of fruit an interesting source of natural antioxidants, mainly because it is an 
agro-industrial residue.

Keywords: Avocado; phenolic compounds; simplex-centroid; response surface methodology; UV-Vis 
Spectrophotometry.

1. Introduction

Phenolic compounds are naturally occurring secondary metabolites in fruits and vegetables.1 
The main types of phenolic compounds found in plant matrices are flavonoids, anthocyanins, 
tannins, and phenolic acids.2 The structure of phenolic compounds constitutes aromatic rings 
associated with hydroxyls.3 This structural profile confers antioxidant properties on phenolics, 
which inhibit oxidative damage associated with various health problems, such as cancer and 
cardiovascular and neurodegenerative diseases.4 

Natural antioxidants, especially phenolic compounds, have attracted scientific interest 
due to their functional properties and beneficial health effects and their potential to be used 
in the industrial activities, particularly as alternatives to synthetic antioxidants, such as BHA 
(hydroxyanisole butylated) and BHT (butylated hydroxytoluene).5,6 Among the limitations of 
synthetic antioxidants is the carcinogenic potential, which has stimulated the study of phenolic 
compounds from natural sources.7,8 

In the literature, several sources of phenolic compounds are reported, such as in 
different grape cultivars,9 rice (Oryza sativa),10 orange (Citrus xsinensis)11 and avocado 
(Persea americana).12 Due to its high content of fatty acids, proteins, fiber, vitamins, minerals, 
and phenolic compounds, avocados are well credited for their excellent nutritional and medical 
properties and applications.13 According to the American Dietetic Association (ADA), the rich 
dietary composition of the avocado and its positive effects on human health classify it as a 
functional fruit.14

The avocado belongs to the Lauraceae family, and it is a climacteric fruit, so its maturation 
is completed after harvest. Among numerous varieties of avocado around the world, the ‘Hass‘ 
variety is the most cultivated and imported type.15,16 As for the national production of the fruit, 

file:///W:/RVq/v15n4/Originais/4508/ronald@ifpi.edu.br
https://orcid.org/0000-0002-5233-5430
https://orcid.org/0000-0003-2896-0671
https://orcid.org/0000-0003-0800-5132
https://orcid.org/0000-0002-1709-1258
https://orcid.org/0000-0002-3974-6454
https://orcid.org/0000-0002-2750-7050
https://orcid.org/0000-0002-3977-3540


Application of Response Surface Methodology and Simplex-Centroid Design

Rev. Virtual Quim.2

Brazil is the eighth world producer, having produced 266 
thousand tons in 2020 (3.2% of the world production), 
and the seventeenth in terms of cultivated area, presenting, 
therefore, effective productivity.17 The avocado is divided 
into three basic anatomical portions: the peel, the seed, and 
the pulp, which, in particular, correspond to 65% of the 
weight of the fruit.18 

The avocado pulp is the edible part of the fruit, the 
ingestion of which can act in the fight against free radicals.19 
In addition, the avocado peel, one of the by-products of the 
fruit, is also an excellent source of phenolic compounds. 
The extraction of phenolics from the avocado epicarp 
presents itself as an alternative to reduce the economic and 
environmental problems caused by the industrial processing 
of the fruit since the rind is considered a residue, being often 
discarded inappropriately.15,20 

In the literature, there are different economic and 
ecological extraction methods that have been proposed for 
sample preparation and analysis of plant and fruit phenolic 
extracts. Among these, conventional solid-liquid extraction, 
ultrasound and microwave assisted extraction, techniques 
employing supercritical fluids and subcritical water 
extraction stand out.21 Conventional solid-liquid extraction 
makes use of the simple maceration of the sample in a 
solvent, at atmospheric pressure and at room temperature, 
with agitation. The absence of high temperatures in the 
extraction process is due to the thermal degradation of 
the phenolic compounds, especially anthocyanins.22 That 
extraction method has the main advantage of not using 
sophisticated analytical instrumentation.23

As the solvents, the extraction of phenolic compounds 
from plant matrices employs individual solvents,24 which 
can produce inefficient results, being necessary to opt for 
extracting solvent mixtures. The polarity of the solvent 
and the different phenolic compounds is the main factor 
influencing the extraction efficiency and the composition 
of the extracts obtained.25 Among the extractive systems 
most used in the phenolic recovery of plant matrices, water, 
methanol, ethanol, acetone, and ethyl acetate are the main 
ones.26,27

Thus, simplex-centroid designs become a convenient 
tool to improve the phenolic extraction yield.24 Simplex-
centroid designs clarify the relationship between the 
solvent system composition and the extraction yield 
of the target compounds by evaluating the synergistic 
and antagonistic effects of solvent composition on the 
response variable.28 Simplex-centroid designs describes a 
mixture system in which the points corresponding to the 
mixture-related experiments present the components in 
equal proportions. In total, the number of experiments is 
defined by the expression 2q - 1, where q consists of the 
number of components. As an example, in a mixture of 
three components, all sets of components have the same 
proportion, that is, zero (0), one half (1/2), one third 
(1/3) and one (1), totaling 7 experiments. In this case, the 
experiments are three corresponding to the pure ones, three 

references to the binary mixtures involving all components 
and one assay related to the centroid, the ternary mixture.29 

The simplex-centroid design has been widely applied 
to evaluate the best extraction conditions of phenolic 
compounds from plant matrices. Simplex-centroid design 
was applied to evaluate the effect of ethanol, dichloromethane 
and hexane on pigment extraction and antioxidant activity 
from Coffea arabica L. Leaves.30,31 In another study, it was 
used to increase the efficiency of carotenoid extraction from 
cashew apple by Spectrophotometry UV-Vis.32

In this context, this article investigates the effect of 
different extracting solvents (acetone, ethanol, methanol, 
and water) and their mixtures on extracting phenolic 
compounds from the pulp and peel of the avocado (Persea 
americana) by the simplex-centroid design, developing a 
response surface methodology to obtain the best extraction 
conditions.

2. Experimental

2.1. Reagents, standards, and materials

All reagents used in this work were of analytical grade. 
Solutions were prepared with ultrapure (18.2 MΩ cm) water 
obtained from Millipore RiOs-DI™ purchased from Milli-Q 
(Billerica, MA, USA). The solvents used in the extraction 
procedure: acetone, ethanol, and methanol, were from J. 
T. Baker® (Geel, Belgium). Phenolic determination was 
performed using the Folin-Ciocalteu reagent purchased 
from Sigma-Alderich® (St. Louis, MO, USA).

2.2. Avocado samples

The avocado samples used to optimize the phenolic 
extraction were acquired from commercial locations in 
Teresina, Piauí, Brazil. The fruits were selected based on 
the visual integrity criterion, without the presence of bruises, 
fungi, and parasites or in an advanced state of maturation.

2.3. Sample preparation

The avocado fruit was divided into peel (epicarp), pulp 
(mesocarp), and seed (endocarp). The avocado peels were 
separated and homogenized with a mortar and pestle in the 
presence of liquid nitrogen. The fruit pulp was frozen, and 
the moisture was removed in a lyophilizer consisting of a 
Micro Modulyo Edwards coupled to a high-performance 
reduced pressure pump valPump, VLP80 Salvant. Then, the 
dehydrated pulp sample (ca. 20 g) was compressed to reduce 
the sample and provide greater homogeneity. Subsequently, 
the freeze-dried pulp was degreased, following the 
methodology proposed by Chen et al. (2018),33 with slight 
modifications. For this purpose, ca. 30 mL of hexane was 
added to the dehydrated pulp. The sample was stirred with 
a magnetic stirrer for 15 minutes. Next, the supernatant was 
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collected, and the precipitate (pulp) was defatted twice more. 
Finally, the residual hexane in the sample was evaporated at 
room temperature, and the dry pulp residue was separated 
for phenolic extraction.

2.4. Procedure for the extraction of total phenolic 
compounds

The extraction of phenolic compounds was conducted 
following the methodology described by Mokrani and 
Madani (2016)34 with minor adjustments. First, the 
extracts were prepared with ca. 0.1 g of homogenized 
avocado sample, pulp, and peel, then 10 mL of extracting 
solvent (1:100 w v-1) was added. Next, the mixtures were 
subjected to extraction on a shaker table for 30 minutes 
at 290 rpm. Then, the samples were centrifuged for 10 
minutes at 3520 rpm to decant the solid portions. Finally, 
the supernatants were collected and organized for the 
quantification procedure in the final step. 

2.5. Mixture design

The study of the mixture design was carried out to 
obtain the best extracting solution for the extraction of 
phenolic compounds from the avocado pulp and peel. The 
design of mixtures of the simplex-centroid type was used 
to evaluate the best extraction yeld. The choice of solvent 
types was performed according to the phenolic composition 
of the samples for the pulp; ethanol, methanol, and water 
were used, according to the methodology proposed by 
SEKE  et  al. (2021);35 ethanol, methanol and acetone, 
were used according to BOUAFIA et al. (2021)36 for the 
extraction from the avocado peel.

In the simplex-centroid design for three components, the 
experimental space is represented by a triangle, as shown 
in Figure 1. The points located at the vertices correspond to 
the tests carried out with only one extracting solvent. The 
ones arranged on the edges represent the binary mixtures 
between the solvents, and in the center, is the ternary 
mixture, composed of the three extracting solvents in equal 
proportions.

The mixing design modeling coupled to a regression 

model can be adjusted by expressing the response as a 
function of the variables through a polynomial equation. In 
general, a polynomial for a 3-component system quadratic 
model is defined by Eq. 1:37 

	 (1)

The parameter βi, called the linear coefficient, 
represents the response expected by the model for the 
pure component i; and βij corresponds to the interaction 
coefficient between components i and j. From these 
parameters, the model provides information on synergistic 
or antagonistic interaction effects, according to the 
coefficients, for experiments involving combinations 
between the constituents of the mix design.37

2.6. Determination of Total Phenolic Content (TPC)

The content of total phenolic compounds (TPC) 
present in the avocado pulp and peel was determined 
spectrophotometrically according to the Folin-Ciocalteu 
method adapted from Páramos et al. (2020)38 with some 
modifications. For the determination procedure, 250 μL of 
the Folin-Ciocalteu reagent was added to a 1.0 mL aliquot 
of the phenolic extracts and then 2.0 mL of a 15% sodium 
carbonate solution (w v-1). The final volume was adjusted to 
10 mL with ultrapure water. After incubation for one hour at 
room temperature and protection from light, the absorbances 
of the samples were read at a wavelength of 745 nm using a 
UV-1800 ultraviolet-visible spectrophotometer (Shimadzu, 
Kyoto, Japan). From a analytical curve (standard curve 
equation: A = 0.0123C – 0.0367; r = 0.9915) prepared with a 
standard solution of gallic acid, with concentrations ranging 
from 7.0 to 84.0 µg mL-1, the contents of the total phenolic 
compounds of the avocado pulp and peel extracts were 
quantified and expressed as mg of gallic acid equivalent per 
g of dry weight sample (mg GAE g−1 dry weight). Gallic acid 
is often used as reference standard because, as well as other 
phenolic compounds, react to the Folin-Ciocalteu reactive 
(phosphomolybdate and phosphotungstate) resulting 
in a blue coloration that can be determined by UV-Vis 
spectroscopy between 730 and 760 nm.30

2.7. Validation of the optimal conditions

The verification of the accuracy of the analytical 
procedure was carried out by the standard addition 
experiment. In this test, three concentration levels of the 
gallic acid standard (10, 15 and 20 ug mL-1) were added 
to the samples (peel and pulp). Then the percentage of 
recovery was evaluated in terms of the ratio between the 
average concentration of the sample without spiking and 
the concentration after spiking. Precision was determined 
regarding method repeatability, considering the relative 
standard deviation (RSD).Figure 1. Experimental triangle for design ternary mixtures
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2.8. Statistical analysis

The analysis of variance (ANOVA), response 
surfaces, and statistical data treatment was obtained using 
Statistica 12.5 and Excel software. ANOVA and Tukey‘s 
multiple comparison test were used to determine significant 
differences between assay responses at the 95% confidence 
level. The analyzes were performed in duplicate to attend to 
the minimum degrees of freedom of the experimental design. 
Results were expressed as mean ± standard deviation.

3. Results and Discussion

3.1. Selection of solvent sets

A set of solvents of higher polarity (ethanol, methanol, 
and water) was used to optimize the extraction of phenolics 
from the pulp. However, for the procedure done with the 
peel, the water was replaced by acetone, a solvent of more 
intermediate polarity. The selection of different sets of 
solvents to optimize the process of extracting phenolic 
compounds from the pulp and peel of the avocado was 
based on the phenolic composition of the avocado matrices. 
These studies indicate the majority presence of flavonoids 
in the peel, that are more soluble in solvents of intermediate 
polarity; and of phenolic acids in the pulp, which are better 
extracted with more polar solvents.34,39 

3.2. Optimization of phenolic extraction from avocado 
peel

Table 1 summarizes the contents of total phenolic 
compounds in avocado peel obtained using acetone, ethanol, 
and methanol solvents. According to Table 1, for the design 
of mixtures with the three components, the TPC of avocado 
peel ranged from 27.69 ± 0.21 to 57.61 ± 0.92 mg GAE g−1 
dry weight.

The highest total phenolic content was found in 
the extract using the binary mixture acetone:ethanol 
(57.61 ± 0.92 mg GAE g−1 dry weight). Among the pure 
solvents, the acetone extract had the highest content of 
total phenolic compounds (44.33 ± 1.00  mg  GAE  g−1 

dry weight), followed by the methanolic extract 
(32.07 ± 1.05 mg GAE g−1 dry weight). Pure ethanol was 
the least efficient solvent in the phenolic extraction of 
avocado peel, with a TPC of 27.69  ±  0.21  mg  GAE  g−1 
dry weight. According to the paired t test, the results 
for the extracts of pure acetone and the ternary mixture 
acetone:ethanol:methanol can not be considered different 
at a 95% confidence.

As seen in Table 1, the tests involving mixtures (binary 
and ternary mixtures) have shown average levels of phenolic 
compounds higher than the average of the tests using pure 
solvents. In raw values, concentrations increased in the 
following order: pure solvents (34.70 ± 1.46 mg GAE g−1 
dry weight), binary mixtures (41.63 ± 0.92 mg GAE g−1 
dry weight), and ternary mixture (41.88 ± 0.56 mg GAE g−1 
dry weight). These results suggest that the application of 
mixtures has greater efficiency in extracting polyphenols 
for avocado and possibly other plant matrices, compared 
to the use of individual solvents, as reported in studies by 
Fernández-Agulló et al. (2013)40 and Martínez-Ramos et al. 
(2020).41 

The quadratic mathematical model was adjusted to 
optimize the phenolic extraction of avocado peel involving 
the three solvents. The quadratic model consists of 
expanding the linear model, with an additional term that 
allows evaluating the influence of binary mixtures on the 
response.42 According to Eq. 2. Table 2 presents the ANOVA 
values for the model.

y = b0 + b1x1 + b2x2 + b3x3 + b11x1
2 + b22x2

2 + b33x3
2 + 

b12x1x2 + b13x1x3 + b23x2x3		  (2)

The quadratic model described 99.30% (R2 = 0.9930) 
of the response data variance, indicating the model‘s high 
efficiency in predicting, with significant precision, the 
experimental values for the TPC of the avocado peel. The 
significance of the quadratic model is also justified by 
the calculated F value, which, according to the ANOVA 
test, presented ca. 62 times higher than the tabulated F 
(229.58>3.69) at a confidence level of 95%. On the other 
hand, the model showed a lack of fit, as the calculated value 
of F for the lack of fit, 10.92, was greater than the value of 
the F tabulated. However, the Fcalc/Ftab ratio for lack of 

Table 1. Effects of solvent proportions on the total phenolic content of avocado peel extracts. Results as 
mean ± standard deviation

Assay Acetone (a) Ethanol (e) Methanol (m)
TPC  

(mg GAE g−1 dry weight)

E1 1 0 0 44.33 ± 1.00

E2 0 1 0 27.69 ± 0.21

E3 0 0 1 32.07 ± 1.05

E4 0.5 0.5 0 57.61 ± 0.92

E5 0.5 0 0.5 33.76 ± 0.07

E6 0 0.5 0.5 33.53 ± 0.07

E7 0.33 0.33 0.33 41.88 ± 0.56
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fit did not deviate much from the unit value, which did not 
compromise the practical purpose of the optimization.31

The Pareto chart, shown in Figure 2, evaluated the effects 
of the factors studied (independent variables), adjusted to the 
quadratic model, as can be seen among the pure solvents, 
acetone stands out with greater significance. The mixture 
composed of acetone:ethanol is the most significant, on 
the other hand, the least significant is the one composed of 
ethanol:methanol. The red line corresponds to the region 
where the factors must reach to exhibit significance, at 95% 
confidence. In this case, all independent variables (pure 
solvents and binary mixtures) were significant for the TPC 
of avocado peel. Therefore, all factors are involved in the 
model‘s equation (Eq. 2).

TPC = +44.47a + 27.83e + 32.21m + 83.59ae – 
20.58am + 11.77em		  (3)

The mathematical model equation for the TPC of avocado 
peel, Eq. 3, shows the efficiency of extracting solvents, 
arranged in the following decreasing order: acetone:ethanol, 
acetone, methanol, ethanol, and ethanol:methanol. The 
acetone:ethanol binary mixture showed a more efficient 
interaction. The mixture coefficient (83.59) was higher than 
the average of the isolated solvents (36.15), which indicates 
that the two components act in synergy. The negative 
quadratic term of the equation for the acetone:methanol 
mixture, on the other hand, shows that the interaction 

between the solvents is antagonistic; that is, the response 
in the phenolic recovery with the combination of acetone 
and methanol is smaller than that with the sum of the pure 
solvents. Figure 3 represents the two-dimensional contour 
plot relating solvent type and TPC.

The contour plot shows that the maximization of 
the TPC, represented by the red color, occurs with the 
treatment of the combination between the solvents acetone 
and ethanol, indicating higher levels than 55 mg GAE g−1 
dry weight. The acetone:ethanol binary mixture showed 
the highest extraction yield (57.61 ± 0.92 mg GAE g−1 
dry weight) in the avocado peel design, mainly due to its 
intermediate polarity. In addition to the polarity factor, the 
presence of ethanol in the composition leads to a better 
permeation of the mixture in the plant tissues, causing the 
cytoplasm layer to be directly exposed to the solvent.43,44

Among the pure solvents, acetone had the highest 
content of total phenolic compounds, whose extraction 
yield was 44.33 ± 1.00 mg GAE g−1 dry weight. The higher 
TPC found in the acetone extract can also be attributed 
to the intermediate polarity of the solvent, classified as a 
polar aprotic solvent, due to the absence of hydrogen atoms 
attached to an electronegative atom.45 In comparison with 
the other pure solvents in the study, acetone has the ET(30) 
polarity parameter of 42.2, lower than ethanol and methanol 

Table 2. ANOVA table for the quadratic model

Source of variation Quadratic sum Degrees of freedom Mean square Fcalc Ftab 

Regression 1226.300 5 245.259 229.58 F5,8 = 3.69

Residue 8.546 8 1.068

Lack of fit 5.208 1 5.208 10.92 F1,7 = 5.59

Pure error 3.338 7 0.4769

Total adjustment 1234.846 13 94.988

R2 0.9930

R2
ajus 0.9887

Figure 2. Pareto graph for the effects of solvents on the TPC 
concentration of avocado peel

Figure 3. Contour graph of the influence of solvent interactions 
(acetone, ethanol, and methanol) on the TPC of avocado peel
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(51.9 and 55.4, respectively).46 Acetone has the lowest 
polarity yet has the highest phenolic compounds content 
compared to the other pure solvents.

The greater capacity of the extractor systems of 
intermediate polarity (the binary mixture acetone:ethanol 
and pure acetone) in the phenolic extraction of avocado 
peel is also related to the molecular characteristics of the 
phenolic compounds contained in the matrix, such as the 
number of hydroxyls, the dimerization of these structures, 
the presence of glycosyl groups, the interactions between 
phenolics and the structure of insoluble complexes, which, 
as well as the aforementioned physicochemical properties 
of solvents, also influence the solubility of these phenolic 
compounds.45,47 Studies of chemical characterization of 
the avocado peel affirm that the matrix presents, in a 
more significant proportion, the polyphenol catechin and 
quercetin, and procyanidins dimers, all belonging to the 
class of flavonoids.16,48

Acetone is generally the best solvent for extracting 
oligomeric flavonoids, condensed flavones, non-glycosylated 
polyphenols, and other high molecular weight phenolic 
compounds similar to those found in avocado and other 
fruits.27,34 This fact is based on the principle that the higher 
the molecular weight of the solvent, the lower the polarity, 
so that substances with approximately the same molecular 
weight are preferentially extracted.34,49

The significant content of phenolic compounds present 
in the avocado peel, revealed in this work, indicates a 
potential use of the peel to reduce the use of synthetic 
antioxidants used on a large scale in the food, fuel, and 
cosmetics industries. In addition, it is possible to minimize 
the disposal of this by-product in open environments, 
minimizing environmental disturbances, such as soil and 
water pollution and the proliferation of diseases.50

3.3. Optimization of phenolic extraction from avocado 
pulp

Table 3 presents the TPC for the pulp extracts of avocado 
samples by applying a simplex-centroid mixture design for 
ethanol, methanol, and water solvents. The results identify 
the effect of the type of solvent and the nature of the mixtures 
on the recovery of phenolics present in the fruit pulp.

The content of phenolic compounds extracted from 
the avocado pulp by different solvents and extractor 
mixtures ranged from 3.06 to 10.71 mg GAE g−1 dry 
weight. Among the unitary solvents, pure water showed 
the highest efficiency in extracting phenolics from the 
pulp (8.83 ± 0.02 mg GAE g−1 dry weight). The content 
obtained using only water as extracting solvent was 
ca. 49% higher than the TPC obtained using pure methanol 
(5.92 ± 0.03 mg GAE g−1 dry weight). The ethanol extract 
showed the lowest value for TPC (3.06 ± 0.01 mg GAE g−1 
dry weight). This order suggests that increasing polarity 
leads to increased phenolic recovery, reinforcing the 
influence of solvent polarities.

The highest TPC for avocado pulp was found in the 
binary mixture ethanol:water (10.71 mg GAE g−1 dry 
weight). The phenolic contents of the extracts of the binary 
mixture water: methanol (8.72 ± 0.04 mg GAE g−1 dry 
weight) and the ternary mixture ethanol: methanol: water 
(8.73 ± 0.24 mg GAE g−1 dry weight) are statistically 
equal to a 95% confidence level, according to the t test. 
In the same way, for the design of avocado pulp, the 
tests involving mixtures (binary and ternary mixtures) 
in the avocado peel showed average levels of phenolic 
compounds higher than the average of the tests using 
pure solvents.

Considering the response values (TPC) and the three 
variables (ethanol, methanol, and water), the ANOVA 
results were obtained for the quadratic mathematical model 
elaboration, shown in Table 4.

According to ANOVA, coefficient R2 presented the 
value of 0.9992; the quadratic model described 99.92% 
of the data variance. In addition to being satisfactory, the 
model showed high significance, expressed by the F value 
calculated for (1951.72), ca. 528 times higher than the 
tabulated F value (3.69); this reveals that the modeling used 
was highly significant. Furthermore, there was no lack of fit 
since Fcalc = 0.14 < Ftab = 5.59, reinforcing the model’s 
adequacy with the experimental results. According to the 
Pareto chart (Figure 4), all variables, including pure solvents 
and binary mixtures, were significant for the response. 
Therefore, the polynomial equation (Eq. 4) that describes 
the model considers all experimental variables.

Table 3. Effects of solvent proportions on the total phenolic content of avocado pulp extracts. Results as 
mean ± standard deviation

Assay Ethanol (e) Methanol (m) Water (a)
TPC  

(mg GAE g−1 dry weight)

E1 1 0 0 3.06 ± 0.01

E2 0 1 0 5.92 ± 0.03

E3 0 0 1 8.83 ± 0.02

E4 0.5 0.5 0 4.73 ± 0.04

E5 0.5 0 0.5 10.71 ± 0.08

E6 0 0.5 0.5 8.72 ± 0.04

E7 0.33 0.33 0.33 8.73 ± 0.24
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TPC = +5.92m + 3.06e + 8.83a + 091em + 
5.33am + 19.04ea		  (4)

For the three binary mixtures (ethanol:water, 
ethanol:methanol, and water:methanol), the two components 
in each mixture act synergistically and, consequently, the 
response in phenolic recovery with the combination of each 
solvent pair is greater than the sum of the income provided 
by each component. The contour plot of the mixture for the 
quadratic model (Figure 5) illustrates how the interactions 
of different proportions of solvents affect the total phenolic 
content.

The contour plot shows that the maximum extraction of 
phenolic compounds from avocado pulp is located between 
the vertices of ethanol and water, being closer to the latter. 
The extraction efficiency is reduced when approaching 
the ethanol apex and the region between the methanol 
and ethanol apexes. The composition of the mixture that 
provides the optimal value predicted by the model for the 
TPC of avocado pulp corresponds to 69.2% water and 
30.8% ethanol.

Adding water to the ethanol and methanol organic 
solvents improved the extraction efficiency, which 
can be attributed to the high polarity of the phenolic 
compounds in the matrix and other compounds that 

may have been extracted, such as sugars and proteins.24 
Chemical characterization studies of avocados report that 
the phenolic profile of the fruit pulp is mainly composed 
of hydroxybenzoic and hydroxycinnamic acids from the 
phenolic acid class, such as sinapic acid, ferulic acid, 
coumaric acid, and their glycoside derivatives;15,39 in 
addition to protocatechuic and feruloylquinic acids.15 The 
greater polarity of phenolic acids, compared to the other 
classes of polyphenols, added to the presence of phenolic 
glycoside compounds, justifies the preferential extraction 
of the aqueous solvent due to the establishment of hydrogen 
bonds.41

The aqueous ethanol extract provided the highest total 
phenolic content, despite the fact that the methanol:water 
mixture presented the highest ET(30) polarity parameter 
(57.4 and 57.7, respectively).51 In this case, the affinity of the 
phenolic compounds for the solvent does not satisfactorily 
explain the dependence of the composition of the binary 
mixture on the TPC. In fact, before solubilizing the solutes, 
the solvent must break the cell walls of the plant tissue, 
composed of cellulose, hemicellulose, and pectin.52 The 
plant tissue, although poorly permeable, suffers structural 
disarray through swelling, resulting from the interaction 

Table 4. ANOVA table for the quadratic model

Source of variation Quadratic sum Degrees of freedom Mean square Fcalc Ftab 

Regression 89.007 5 17.801 1951.7 F5,8 = 3.69

Residue 0.073 8 0.009

Lack of fit 0.001 1 0.001 0.14 F1,7 = 5.59

Pure error 0.072 7 0.010

Total adjustment 89.080 13 6.852

R2 0.9992

R2
ajus 0.9987

Figure 4. Pareto chart for the effects of solvents on the TPC 
of avocado pulp

Figure 5. Contour graph of the influence of solvent interactions 
(ethanol, methanol, and water) on the total phenolic compounds content 

of the avocado pulp
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between the solvent molecules with the hydroxyl and 
carboxyl groups of the plant membranes, causing the 
expansion of the plant tissue accompanied by the penetration 
of the solvent.53 The presence of ethanol, as already 
mentioned, contributes to more excellent permeability of 
the extractor system in plant tissues, resulting in greater 
diffusion of the solvent in the matrix.43 

3.4. Figures of merit

After the optimization procedures of the extractor 
solution, the optimal composition obtained by mathematical 
modeling was applied to the samples to verify the reliability 
of the results. The accuracy was measured regarding 
recovery percentage, as observed in Table 5. For the peel, 
the three levels of addition showed recovery values greater 
than 95.6%, while for the pulp, the levels were greater than 
94.8%, indicating adequate accuracy for the developed 
method. The precision of the proposed was evaluated 
considering the relative standard deviation (rsd), that 
converts the error or uncertainty of the result to a percentage. 
It was calculated by dividing the standard deviation by the 
mean and multiplying the result by 100%. The rsd values 
were in the range of 1.38 to 2.88% for the peel and 0.67 to 
1.38% for the pulp. These findings show that the developed 
method is accurate and precise. 

The limit of detection (LOD) is the lowest concentration 
that can be detected, but it is not necessarily quantified by 
the method. On the other hand, the limit of quantification 
(LOQ) is the concentration with a different signal than the 
analytical blank that can be measured, the LOD and LOQ are 
presented in equations 5 and 6, where s represents standard 
deviation of the blank and S, the slope of the analytical 
curve. The values of LOD and LOQ were 0.018 and 0.060 
mg GAE g−1, respectively.

	  	 (5)

	 	 (6)

The results found in this study, which show higher 
amounts of phenolic compounds in the avocado peel than 
in the fruit pulp, agree with the results reported in the 
literature.54.55 Compared with the other fruit fractions, the 
avocado peel has a higher TPC since these antioxidant 
compounds protect the fruit from oxidative damage induced 
by ultraviolet radiation and high temperatures.56 In this 
sense, the avocado peel, which is usually discarded after the 

industrial processing of the fruit, presents itself as a potential 
source of natural antioxidants due to its high TPC.15 In the 
nutritional view, due to their high occurrence in vegetables 
and fruits, such as avocado, the daily intake of phenolic 
compounds is higher than that of other natural antioxidants, 
such as carotenoids and vitamins. According to Corrêa et al. 
(2015),57 the daily dietary intake of phenolic compounds 
is approximately 1 g, while for vitamins and carotenoids, 
they are 110 and 9.4 mg, respectively. Therefore, from the 
quantification results for the avocado pulp obtained in the 
present work, the consumption of the edible part of the fruit 
may represent a good source of antioxidants that inhibit 
several health problems through routine eating habits.

4. Conclusions

The study satisfactorily applied of the simplex-centroid 
design to extract phenolic compounds from the avocado peel 
and pulp. Using the set of acetone, ethanol and methanol 
solvents for the shell, the design adjusted to the quadratic 
model proved to be significant, reproducing 99.30% of the 
experimental data. The design showed that the binary mixture 
of acetone:ethanol showed synergistic interaction; on the 
other hand, the solvents acetone and methanol interacted 
antagonistically. The highest TPC for the peel was obtained 
by the extract of the acetone:ethanol mixture of intermediate 
polarity. The quadratic model described 99.92% of the 
experimental results and showed no lack of fit for the pulp. 
It was found that water, compared to the other pure solvents, 
showed greater efficiency in extracting phenolics from the 
pulp. In contrast, the binary mixture ethanol:water was the 
extractor system that provided the highest value of TPC 
for the pulp. Moreover, the results obtained in this work 
indicate a higher phenolic concentration in the peel than in 
the pulp to the analyzed avocado sample. The accuracy has 
been confirmed by spike with a Gallic Acid standard the 
avocado samples (peel and pulp), showed recovery >94% and 
precision <3.5%. After the optimization procedures, it was 
verified that the mixtures were more efficient in extraction. 
The significant concentration of phenolic compounds in the 
avocado peel makes this fraction of the fruit an interesting 
source of natural antioxidants, mainly because it is an agro-
industrial residue.

Acknowledgment

The authors thank the Fundação de Amparo à Pesquisa 
do Estado do Piauí (FAPEPI, Piauí, Brazil), Coordenação 

Table 5. Addition and recovery (%) applied in the method of extracting phenolic compounds in µg mL-1 of avocado peel and pulp

Sample No addition low level (10) Rec. (%) Middle level (15) Rec. (%) High level (20) Rec. (%)

Peel 25.87 ± 0.63 34.29 ± 0.98 95.6 41.00 ± 0.57 100.2 46.79 ± 0.27 102.0

Pulp 17.97 ± 0.27 29.03 ± 0.25 103.8 31.12 ± 0.21 94.4 36.0 ± 0.50 94.8



Silva

9no prelo, 2023

de Aperfeiçoamento de Pessoal Nível Superior (CAPES), 
Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq. grant 140212/2020-5. 200275/2020-8) 
for scholarships and financial support. 

References

1.	 Alara, O. R.; Abdurahman, N. H.; Ukaegbu, C. I.; Extraction 

of phenolic compounds: A review. Current Research in Food 

Science 2021, 4, 200. [Crossref]

2.	 Balasundram, N.; Sundram, K.; Samman, S.; Phenolic 

compounds in plants and agri-industrial by-products: Antioxidant 

activity, occurrence and potential uses. Food Chemistry 2006, 

99, 191. [Crossref]

3.	  Alu’datt, M. H.; Rababah, T.; Alhamad, M. N.; Al-Mahasneh, 

M. A.; Almajwal, A.; Gammoh, S.; Ereifej, K.; Johargy, 

A.; Alli, I.; A review of phenolic compounds in oil-bearing 

plants: Distribution, identification and occurrence of phenolic 

compounds. Food Chemistry 2017, 218, 99. [Crossref] [PubMed]

4.	 Losada-Barreiro, S.; Bravo-Díaz, C.; Free radicals and 

polyphenols: The redox chemistry of neurodegenerative diseases. 

European Journal of Medicinal Chemistry 2017, 133, 379. 

[Crossref] [PubMed]

5.	 Figueroa, J. G.; Borrás-Linares, I.; Lozano-Sánchez, J.; Segura-

Carretero, A.; Comprehensive identification of bioactive 

compounds of avocado peel by liquid chromatography coupled 

to ultra-high-definition accurate-mass Q-TOF. Food Chemistry 

2018, 245, 707. [Crossref] [PubMed]

6.	 Lee, O. H.; Lee, B. Y.; Lee, J.; Lee, H. B.; Son, J. Y.; Park, C. S.; 

Shetty, K.; Kim, Y. C.; Assessment of phenolics-enriched extract 

and fractions of olive leaves and their antioxidant activities. 

Bioresource Technology 2009, 100, 6107. [Crossref] [PubMed]

7.	 Segovia, F. J.; Corral-Pérez, J. J.; Almajano, M. P.; Avocado 

seed: Modeling extraction of bioactive compounds. Industrial 

Crops and Products 2016, 85, 213. [Crossref]

8.	 Yang, Q. Q.; Gan, R. Y.; Ge, Y. Y.; Zhang, D.; Corke, H.; 

Polyphenols in Common Beans (Phaseolus vulgaris L.): 

Chemistry, Analysis and Factors Affecting Composition. 

Comprehensive Reviews in Food Science and Food Safety 2018, 

17, 1518. [Crossref]

9.	 Vatai, T.; Škerget, M.; Knez, Ž.; Extraction of phenolic 

compounds from elder berry and different grape marc varieties 

using organic solvents and/or supercritical carbon dioxide. 

Journal of Food Engineering 2009, 90, 246. [Crossref]

10.	 Zapata, J. E.; Sepúlveda, C. T.; Álvarez, A. C. Kinetics of the 

thermal degradation of phenolic compounds from achiote 

leaves (Bixa orellana L.) and its effect on the antioxidant 

activity. Food Science and Technology (Brazil), vol. 42, 2022.  

[Crossref]

11.	 Ding, C.; Liu, Q.; Li, P.; Pei, Y.; Tao, T.; Wang, Y.; Yan, W.; 

Yang, G.; Shao, X.; Distribution and quantitative analysis of 

phenolic compounds in fractions of Japonica and Indica rice. 

Food Chemistry 2019, 274, 384. [Crossref] [PubMed]

12.	 Shahram,  H. ;  Taghian  Dinani ,  S . ;  Inf luences  of 

electrohydrodynamic time and voltage on extraction of phenolic 

compounds from orange pomace. LWT - Food Science and 

Technology 2019, 111, 23. [Crossref]

13.	 Figueroa, J. G.; Borrás-Linares, I.; Lozano-Sánchez, J.; Segura-

Carretero, A.; Comprehensive characterization of phenolic and 

other polar compounds in the seed and seed coat of avocado by 

HPLC-DAD-ESI-QTOF-MS. Food Research International 2018, 

105, 752. [Crossref] [PubMed]

14.	 Alkhalaf, M. I.; Alansari, W. S.; Ibrahim, E. A.; ELhalwagy, M. 

E. A.; Antioxidant, anti-inflammatory and anti-cancer activities 

of avocado (Persea americana) fruit and seed extract. Journal of 

King Saud University - Science 2019, 31, 1358. [Crossref]

15.	 Krumreich, F. D.; Borges, C. D.; Mendonça, C. R. B.; Jansen-

Alves, C.; Zambiazi, R. C.; Bioactive compounds and quality 

parameters of avocado oil obtained by different processes. Food 

Chemistry 2018, 257, 376. [Crossref] [PubMed]

16.	 Rodríguez-Carpena, J. G.; Morcuende, D.; Andrade, M. J.; Kylli, 

P.; Estevez, M.; Avocado (Persea americana Mill.) phenolics, 

in vitro antioxidant and antimicrobial activities, and inhibition 

of lipid and protein oxidation in porcine patties. Journal of 

Agricultural and Food Chemistry 2011, 59, 5625. [Crossref] 

[PubMed]

17.	 López-Cobo, A.; Gómez-Caravaca, A. M.; Pasini, F.; Caboni, 

M. F.; Segura-Carretero, A.; Fernández-Gutiérrez, A.; HPLC-

DAD-ESI-QTOF-MS and HPLC-FLD-MS as valuable tools for 

the determination of phenolic and other polar compounds in the 

edible part and by-products of avocado. LWT - Food Science and 

Technology 2016, 73, 505. [Crossref]

18.	 Organização das Nações Unidas para a Alimentação e a 

Agricultura. Disponível em: <https://www.fao.org/brasil/pt/>. 

Acesso em 8 março 2020.

19.	 Tan, C. X.; Chong, G. H.; Hamzah, H.; Ghazali, H. M.; 

Comparison of subcritical CO2 and ultrasound-assisted aqueous 

methods with the conventional solvent method in the extraction 

of avocado oil. Journal of Supercritical Fluids 2018, 135, 45. 

[Crossref]

20.	 Abaide, E. R.; Zabot, G. L.; Tres, M. V.; Martins, R. F.; Fagundez, 

J. L.; Nunes, L. F.; Druzian, S.; Soares, J. F.; Dal Prá, V.; Silva, 

J. R. F.; Kuhn, R. C.; Mazutti, M. A.; Yield, composition. and 

antioxidant activity of avocado pulp oil extracted by pressurized 

fluids. Food and Bioproducts Processing 2017, 102, 289. 

[Crossref]

21.	 Wang, J.; Wang, A.; Zang, X.; Tan, L.; Xu, B.; Jin, Z.; Ma, W.; 

Physicochemical, functional and emulsion properties of edible 

protein from avocado (Persea americana Mill) oil processing 

by-products. Food Chemistry 2019, 288, 146. [Crossref]

22.	  Zhou, Z.; Shao, H.; Han, X.; Wang, K.; Gong, C.; Yang, X. The 

extraction efficiency enhancement of polyphenols from Ulmus 

pumila L. barks by trienzyme-assisted extraction. Industrial 

Crops and Products 2017, 97, 401. [Crossref]

23.	 Ding, C.; Liu, Q.; Li, P.; Pei, Y.; Tao, T.; Wang, Y.; Yan, W.; 

Yang, G.; Shao, X.; Distribution and quantitative analysis of 

phenolic compounds in fractions of Japonica and Indica rice. 

Food Chemistry 2019, 274, 384. [Crossref] [PubMed]

24.	 Zwingelstein, M.; Draye, M.; Besombes, J. L.; Piot, C.; Chatel, 

G. Viticultural wood waste as a source of polyphenols of 

interest: Opportunities and perspectives through conventional 

https://doi.org/10.1016/j.crfs.2021.03.011
https://doi.org/10.1016/j.foodchem.2005.07.042
https://doi.org/10.1016/j.foodchem.2016.09.057
http://www.ncbi.nlm.nih.gov/pubmed/27719963
https://doi.org/10.1016/j.ejmech.2017.03.061
http://www.ncbi.nlm.nih.gov/pubmed/28415050
https://doi.org/10.1016/j.foodchem.2017.12.011
http://www.ncbi.nlm.nih.gov/pubmed/29287430
https://doi.org/10.1016/j.biortech.2009.06.059
http://www.ncbi.nlm.nih.gov/pubmed/19608415
https://doi.org/10.1016/j.indcrop.2016.03.005
https://doi.org/10.1111/1541-4337.12391
https://doi.org/10.1016/j.jfoodeng.2008.06.028
https://doi.org/10.1590/fst.30920
https://doi.org/10.1016/j.foodchem.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/30372955
https://doi.org/10.1016/j.lwt.2019.05.002
https://doi.org/10.1016/j.foodres.2017.11.082
http://www.ncbi.nlm.nih.gov/pubmed/29433270
https://doi.org/10.1016/j.jksus.2018.10.010
https://doi.org/10.1016/j.foodchem.2018.03.048
http://www.ncbi.nlm.nih.gov/pubmed/29622225
https://doi.org/10.1021/jf1048832
http://www.ncbi.nlm.nih.gov/pubmed/21480593
https://doi.org/10.1016/j.lwt.2016.06.049
about:blank
https://doi.org/10.1016/j.supflu.2017.12.036
https://doi.org/10.1016/j.fbp.2017.01.008
https://doi.org/10.1016/j.foodchem.2019.02.098
https://doi.org/10.1016/j.indcrop.2016.12.060
https://doi.org/10.1016/j.foodchem.2018.09.011
http://www.ncbi.nlm.nih.gov/pubmed/30372955


Application of Response Surface Methodology and Simplex-Centroid Design

Rev. Virtual Quim.10

and emerging extraction methods. Waste Management 2020, 
102, 782. [Crossref]

25.	 Alcântara, M. A.; Lima, I. De; Polari, B.; Lins, B. R.; Meireles, 

D. A.; Eduardo, A.; Lima, A. De; Cesar, J.; Effect of the solvent 

composition on the profile of phenolic compounds extracted 

from chia seeds. Food Chemistry 2018, 275, 489. [Crossref]

26.	 Naczk, M.; Shahidi, F.; Phenolics in cereals, fruits and 

vegetables : Occurrence, extraction and analysis. Journal of 

Pharmaceutical and Biomedical Analysis 2006, 41, 1523. 

[Crossref]

27.	 Lafka, T.; Sinanoglou, V.; Lazos, E. S.; On the extraction and 

antioxidant activity of phenolic compounds from winery wastes. 

Food Chemistry 2007, 104, 1206. [Crossref]

28.	 González-Montelongo, R.; Lobo, M. G.; González, M.; 

Antioxidant activity in banana peel extracts : Testing extraction 

conditions and related bioactive compounds. Food Chemistry 

2010, 119, 1030. [Crossref]

29.	 Ladeira, C.; Sanches, F.; Lima, D.; Fernanda, M.; Guelfi, 

G.; Regina, S.; Iouko, E.; Multi-response optimisation of the 

extraction solvent system for phenolics and antioxidant activities 

from fermented soy flour using a simplex-centroid design. Food 

Chemistry 2016, 197, 175. [Crossref]

30.	 Cornell, J. A. A Primer On Experiments With Mixtures. 6a. ed. 

Wiley: New Jersey, EUA, 2011.

31.	 Mendes, M. K. de A.; Oliveira, C. B. dos S.; Veras, M. D. 

A.; Araújo, B. Q.; Dantas, C.; Chaves, M. H.; Lopes Júnior, 

C. A.; Vieira, E. C. Application of multivariate optimization 

for the selective extraction of phenolic compounds in cashew 

nuts (Anacardium occidentale L.). Talanta 2019, 205, 120100. 

[Crossref]

32.	 Marcheafave, G. G.; Tormena, C. D.; Pauli, E. D.; Rakocevic, 

M.; Bruns, R. E.; Scarminio, I. S. Experimental mixture design 

solvent effects on pigment extraction and antioxidant activity 

from Coffea arabica L. leaves. Microchemical Journal 2019, 

146, 713. [Crossref]

33.	 Coelho, T. L. S.; Silva, D. S. N.; Junior, J. M. S.; Dantas, C.; 

Nogueira, A. R. A.; Junior, C. A. L.; Vieira, E. C. Multivariate 

optimization and comparison between conventional extraction 

(CE) and ultrasonic-assisted extraction (UAE) of carotenoid 

extraction from cashew apple. Ultrasonics Sonochemistry 2022, 

84, 105980. [Crossref]

34.	  Chen, C.; Wang, L.; Wang, R.; Luo, X.; Li, Y.; Li, J.; Li, Y.; 

Chen, Z.; Ultrasound-assisted extraction from defatted oat 

(Avena sativa L.) bran to simultaneously enhance phenolic 

compounds and β-glucan contents: Compositional and 

kinetic studies. Journal of Food Engineering 2018, 222, 1.  

[Crossref]

35.	 Mokrani, A.; Madani, K.; Effect of solvent, time and temperature 

on the extraction of phenolic compounds and antioxidant 

capacity of peach (Prunus persica L.) fruit. Separation and 

Purification Technology 2016, 162, 68. [Crossref]

36.	 Macrocarpa, C.; Seke, F.; Manhivi, V. E.; Shoko, T.; Slabbert, 

R. M.; Sultanbawa, Y.; Sivakumar. D.; Extraction optimisation, 

hydrolysis, antioxidant properties and bioaccessibility of 

phenolic compounds in Natal plum fruit. Food Bioscience 2021, 

44, 101425. [Crossref]

37.	 Bouafia, M.; Colak, N.; Ayaz, F. A.; Benarfa, A.; Harrat, M.; 

Gourine, N.; Yousfi, M.; The optimization of ultrasonic-assisted 

extraction of Centaurea sp. antioxidative phenolic compounds 

using response surface methodology. Journal of Applied 

Research on Medicinal and Aromatic Plants 2021, 25, 100330. 

[Crossref]

38.	 Neto, B. B.; Scarminio, I. S.; Bruns, R. E.; Como fazer 

experimentos: Pesquisa e desenvolvimento na ciência e na 

indústria. 2a. ed. Campinas: São Paulo, 2001.

39.	  Páramos, P. R. S.; Granjo, J. F. O.; Corazza, M. L.; Matos, H. A.; 

Extraction of high value products from avocado waste biomass. 

Journal of Supercritical Fluids 2020, 165, 104988. [Crossref]

40.	  Hurtado-Fernández, E.; Fernández-Gutiérrez, A.; Carrasco-

Pancorbo, A.; Exotic Fruits: reference guie. 7a. ed., Academic 

Press: London, England, 2018. [Crossref]

41.	 Fernández-Agulló, A.; Pereira, E.; Freire, M. S.; Valentão, P.; 

Andrade, P. B.; González-Álvarez, J.; Pereira, J. A.; Influence 

of solvent on the antioxidant and antimicrobial properties of 

walnut (Juglans regia L.) green husk extracts. Industrial Crops 

and Products 2013, 42, 126. [Crossref]

42.	  Martínez-Ramos, T.; Benedito-Fort, J.; Watson, N. J.; Ruiz-

López, I. I.; Che-Galicia, G.; Corona-Jiménez, E.; Effect of 

solvent composition and its interaction with ultrasonic energy 

on the ultrasound-assisted extraction of phenolic compounds 

from Mango peels (Mangifera indica L.). Food and Bioproducts 

Processing 2020, 122, 41. [Crossref]

43.	 Silva, D. S. N.; Silva, M. S.; Coelho, T. L. S.; Dantas, C.; Junior, 

C. A. L.; Caldas, N. M.; Vieira, E. C. Combining high intensity 

ultrasound and experimental design to improve carotenoid 

extraction efficiency from Buriti (Mauritia flexuosa). Ultrasonics 

Sonochemistry 2022, 88, 106076. [Crossref]

44.	  Chiang, P. S.; Lee, D. J.; G. Whiteley, C.; Huang, C. Y.; 

Antioxidant phenolic compounds from Pinus morrisconicola 

using compressional-puffing pretreatment and water–ethanol 

extraction: Optimization of extraction parameters. Journal of the 

Taiwan Institute of Chemical Engineers 2017, 70, 7. [Crossref]

45.	 Rakotondramasy-Rabesiaka, L.; Havet, J. L.; Porte, C.; 

Fauduet, H.; Solid-liquid extraction of protopine from Fumaria 

officinalis L.-Analysis determination. kinetic reaction and model 

building. Separation and Purification Technology 2007, 54, 253. 

[Crossref]

46.	  Rezaie, M.; Farhoosh, R.; Iranshahi, M.; Sharif, A.; 

Golmohamadzadeh, S.; Ultrasonic-assisted extraction of 

antioxidative compounds from Bene (Pistacia atlantica subsp. 

mutica) hull using various solvents of different physicochemical 

properties. Food Chemistry 2015, 173, 577. [Crossref] [PubMed]

47.	 Reichardt, C.; Welton, T.; Solvents and Solvent Effects in Organic 

Chemistry. 4a ed. Wiley: Weinheim, Germany, 2010. [Crossref]

48.	  Naczk, M.; Shahidi, F.; Extraction and analysis of phenolics in 

food. Journal of Chromatography A 2004, 1054, 95. [Crossref] 

[PubMed]

49.	 Kosińska, A.; Karamać, M.; Estrella, I.; Hernández, T.; 

Bartolomé, B.; Dykes, G. A.; Phenolic compound profiles and 

antioxidant capacity of persea americana mill. peels and seeds 

of two varieties. Journal of Agricultural and Food Chemistry 

2012, 60, 4613. [Crossref] [PubMed]

https://doi.org/10.1016/j.wasman.2019.11.034
https://doi.org/10.1016/j.foodchem.2018.09.133
https://doi.org/10.1016/j.jpba.2006.04.002
https://doi.org/10.1016/j.foodchem.2007.01.068
https://doi.org/10.1016/j.foodchem.2009.08.012
https://doi.org/10.1016/j.foodchem.2015.10.124
https://www.google.com/search?sxsrf=ALiCzsbZjj8fmPb-KCUZZtkOdCabh83YpA:1663434020932&q=Nova+Iorque&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypTgjDjjSzMtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYuf3yyxIVPPOLCktTd7Ay7mJn4mAAALl-38xVAAAA&sa=X&ved=2ahUKEwj727LPppz6AhViuJUCHQHyBcwQmxMoAXoECEQQAw
https://www.google.com/search?sxsrf=ALiCzsbZjj8fmPb-KCUZZtkOdCabh83YpA:1663434020932&q=Nova+Iorque&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypTgjDjjSzMtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYuf3yyxIVPPOLCktTd7Ay7mJn4mAAALl-38xVAAAA&sa=X&ved=2ahUKEwj727LPppz6AhViuJUCHQHyBcwQmxMoAXoECEQQAw
https://www.google.com/search?sxsrf=ALiCzsbZjj8fmPb-KCUZZtkOdCabh83YpA:1663434020932&q=Nova+Iorque&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypTgjDjjSzMtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYuf3yyxIVPPOLCktTd7Ay7mJn4mAAALl-38xVAAAA&sa=X&ved=2ahUKEwj727LPppz6AhViuJUCHQHyBcwQmxMoAXoECEQQAw
https://www.google.com/search?sxsrf=ALiCzsbZjj8fmPb-KCUZZtkOdCabh83YpA:1663434020932&q=Nova+Iorque&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypTgjDjjSzMtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYuf3yyxIVPPOLCktTd7Ay7mJn4mAAALl-38xVAAAA&sa=X&ved=2ahUKEwj727LPppz6AhViuJUCHQHyBcwQmxMoAXoECEQQAw
https://doi.org/10.1016/j.talanta.2019.06.100
https://doi.org/10.1016/j.microc.2019.01.073
https://doi.org/10.1016/j.ultsonch.2022.105980
https://doi.org/10.1016/j.jfoodeng.2017.11.002
http://dx.doi.org/10.1016/j.seppur.2016.01.043
https://doi.org/10.1016/j.fbio.2021.101425
https://doi.org/10.1016/j.jarmap.2021.100330
https://doi.org/10.1016/j.supflu.2020.104988
https://doi.org/10.1016/b978-0-12-803138-4.00001-0
https://doi.org/10.1016/j.indcrop.2012.05.021
https://doi.org/10.1016/j.fbp.2020.03.011
https://doi.org/10.1016/j.ultsonch.2022.106076
https://doi.org/10.1016/j.jtice.2016.10.010
https://doi.org/10.1016/j.seppur.2006.09.015
https://doi.org/10.1016/j.foodchem.2014.10.081
http://www.ncbi.nlm.nih.gov/pubmed/25466062
https://doi.org/10.1002/9783527632220
https://doi.org/10.1016/j.chroma.2004.08.059
http://www.ncbi.nlm.nih.gov/pubmed/15553136
https://doi.org/10.1021/jf300090p
http://www.ncbi.nlm.nih.gov/pubmed/22494370


Silva

11no prelo, 2023

50.	 Irakli, M.; Chatzopoulou, P.; Ekateriniadou, L.; Optimization 

of ultrasound-assisted extraction of phenolic compounds: 

Oleuropein, phenolic acids, phenolic alcohols and flavonoids 

from olive leaves and evaluation of its antioxidant activities. 

Industrial Crops and Products 2018, 124, 382. [Crossref]

51.	 Rodrigues, J. S.; do Valle, C. P.; Uchoa, A. F. J.; Ramos, D. M.; 

da Ponte, F. A. F.; Rios, M. A. de S.; de Queiroz Malveira, J.; 

Pontes Silva Ricardo, N. M.; Comparative study of synthetic and 

natural antioxidants on the oxidative stability of biodiesel from 

Tilapia oil. Renewable Energy 2020, 156, 1100. [Crossref]

52.	  Naderi, F.; Farajtabar, A.; Solvatochromism of Fluorescein in 

Aqueous Aprotic Solvents. Journal of Molecular Liquids 2016, 

221, 102. [Crossref]

53.	 Lahaye, M.; Falourd, X.; Laillet, B.; Gall, S. Le; Cellulose, 

pectin and water in cell walls determine apple flesh viscoelastic 

mechanical properties. Carbohydrate Polymers 2020, 232, 

115768. [Crossref]

54.	 Fidale, L. C.; Ruiz, N.; Heinze, T.; Seoud, O. A. El; Cellulose 

Swelling by Aprotic and Protic Solvents : What are the 

Similarities and Differences ?. Macromolecular journals 2008, 

209, 1240. [Crossref]

55.	  Permal, R.; Chang, W. L.; Seale, B.; Hamid, N.; Kam, R.; 

Converting industrial organic waste from the cold-pressed 

avocado oil production line into a potential food preservative. 

Food Chemistry 2019, 306, 125635. [Crossref]

56.	 Wang, W.; Bostic, T. R.; Gu, L.; Antioxidant capacities, 

procyanidins and pigments in avocados of different strains and 

cultivars. Food Chemistry 2010, 122, 1193. [Crossref]

57.	  Mokbel, M. S.; Hashinaga, F.; Antibacterial and Antioxidant 

Activities of Banana (Musa. AAA cv. Cavendish) Fruits Peel. 

American Journal of Biochemistry and Biotechnology 2005, 1, 

125. [Link]

58.	 Corrêa, V. G.; Tureck, C.; Peralta, R. M.; Koehlein, E. A. Estimate 

of consumption of phenolic compounds by Brazilian population. 

Revista de Nutrição 2015, 2, 185. [Crossref]

https://doi.org/10.1016/j.indcrop.2018.07.070
https://doi.org/10.1016/j.renene.2020.04.153
https://doi.org/10.1016/j.molliq.2016.05.071
https://doi.org/10.1016/j.carbpol.2019.115768
https://doi.org/10.1002/macp.200800021
https://doi.org/10.1016/j.foodchem.2019.125635
https://doi.org/10.1016/j.foodchem.2010.03.114
https://www.researchgate.net/publication/290796230_Antibacterial_and_Antioxidant_Activities_of_Banana_Musa_AAA_cv_Cavendish_Fruits_Peel
http://dx.doi.org/10.1590/1415-52732015000200007

	MTBlankEqn
	_heading=h.1fob9te

