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The Croton lechleri plant is used by the indigenous and riverside population for its healing and anesthetic
power. The objective of this research was to evaluate the amount of total phenolic compounds and the
antioxidant properties of the sap extracted from the stem of the Blood Dragon (Croton lechleri) to use the
natural extract as a renewable alternative to the synthetic antioxidants present in the food and biodiesel
industry. The extraction conditions were optimized and the antioxidant activity of these bioactive com-
pounds through fractional factorial design. The variations were: solvent (pure water, 50% ethanol, 100%
ethanol), temperature (50 °C, 70 °C and 90 °C) and time (30 min, 60 min, 90 min). Nine assays were
evaluated with the software Statist 7®. The total phenolic compounds content ranged from 92.22 + 1.35 to
193.29 + 1.93 mg of EAG/g of sap and antioxidant activity by the ABTS method from 15.17 + 0.08 to
26.80 = 0.04 mM TE/g sap. The analysis of the global response and its equations made it possible to verify
that ethanol 50% (v/v) was more effective in extracting total phenolic compounds and antioxidant activity
under conditions of 90°C and shorter extraction time, 30 minutes.
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Potencial antioxidante da seiva do caule da planta Croton lechleri Mill. Arg. (Euphorbiaceae)

A planta Croton lechleri é utilizada pela populagéo indigena e ribeirinha devido seu poder curativo e anes-
tésico. O objetivo da pesquisa foi avaliar a quantidade de compostos fendlicos totais e as propriedades
antioxidantes da seiva extraida do caule da planta conhecida como Sangue de Dragéo (Croton lechleri) para
utilizar o extrato natural como alternativa renovavel aos antioxidantes sintéticos presentes na inddstria de
alimentos e de biodiesel. As condicdes de extracdo e a atividade antioxidante destes compostos bioativos
foram otimizadas através de planejamento fatorial fracionado. As variagdes foram: solvente (adgua pura,
etanol 50%, etanol 100%), temperatura (50 °C, 70 °C e 90 °C) e tempo (30 min, 60 min, 90 min). Nove
ensaios foram avaliados com o software Statist 12®. O teor de compostos fendlicos totais variou de 92,22
+ 1,352 193,29 + 1,93 mg de EAG/g de seiva e a atividade antioxidante pelo método ABTS de 15,17 +
0,08 a 26,80 + 0,04 mM TE/g de seiva. A andlise da resposta global e suas equagdes permitiu verificar que
o0 etanol 50% (v/v) foi mais eficaz na extracdo de compostos fendlicos totais e atividade antioxidante nas
condigdes de extracdo a 90°C e o menor tempo de 30 minutos.
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INTRODUCTION

Plants produce their own nutrients through pri-
mary metabolism, using them for survival. In addi-
tion, plants produce compounds known as second-
ary metabolites, which are divided into three clas-
ses: phenolic compounds, terpenes and alkaloids.
These specialized metabolites are produced in dif-
ferent situations, ranging their composition among
different species 2. Some of these compounds
have been associated with various benefits to hu-
man health, such as their inclusion in herbal medi-
cines with fewer side effects and because they have
a natural composition, making the medicine less ag-
gressive to the human body and contributing to the
improvement of various pathologies®*.

The purpose of carrying out studies on plants is
usually related to the investigation of their biologi-
cal constituents and the search for efficient and safe
extraction and identification methods. Plant ex-
tracts with antioxidant properties have been widely
studied as an alternative to synthetic antioxidant ad-
ditives, presenting phenolic compounds in their
composition and low toxicity. Extracts of leaves
(rosemary, oregano, basil, senna, black tea, green
tea), flowers (hibiscus and chamomile), fruits
(jabuticaba, plum, bacuri, araca, blackberry, grape,
pepper), tubers (ginger and saffron), spices (cloves,
cinnamon) are examples of natural species with
substances that have antioxidant properties >,

The most common additives are synthetic anti-
oxidants, however, most of them have low biodeg-
radability and high toxicity. The interest in natural
extracts has been growing due to their role as inhib-
itors of the oxidation reaction in industrialized
products and biodiesel, with greater availability, bi-
odegradability and lower toxicity. Phenolic com-
pounds act as free radical scavengers and inhibitors,
generating thermodynamically more stable prod-
ucts.

The organic compounds extraction from plants
can be done by different methods, and the type of
solvent, agitation, temperature and time can change
the final composition of the extract. In this sense, it
is essential to establish experimental conditions
that allow an exclusive and efficient extraction of
the compounds of interest™. For this, there is exper-
imental design, group of statistical techniques,
which facilitate optimization. And so, it allows pre-
cise conclusions with different variables, without
repetition, facilitating the process of carrying out
the analyzes, reducing the number of experiments
and costs with materials and reagents?®.

The most used methods to determine the antiox-
idant activity and compounds “in vitro” for evalua-
tion of antioxidant compounds in plants are: the
free radical scavenging method 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH, the capture of free radical 2,2'-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) and the erric Reducing Antioxidant Power
(FRAP)Y.

Within this context, this research performed the
optimization of the extraction conditions of total
phenolic compounds and the evaluation of the anti-
oxidant activity of Croton lechleri sap through frac-
tional factorial planning using the Statistica 7® soft-
ware. The objective of this research was to evaluate
the amount of total phenolic compounds and the an-
tioxidant properties of the sap extracted from the
stem of the Blood Dragon (Croton lechleri) to use
the natural extract as a renewable alternative to the
synthetic antioxidants present in the food and bio-
diesel industry.

MATERIALS AND METHODS

The research took place in Pato Branco - Parana
in partnership with the Federal Technological Uni-
versity of Parana (UTFPR) Campus Pato Branco.
Croton lechleri sap was collected from the stem in
the Amazon Rainforest and provided by Schwaab
Company - Research Industry of Commerce and
Export and Import of Products from the Amazon
Ltda., in Porto Velho, Rond6nia - Brazil. Croton
lechleri sap samples were lyophilized in a lyophi-
lizer (Liotop - L1019, S&o Paulo, Brazil) and stored
in a freezer at -12°C for further analysis.

Extraction Conditions Optimization

In order to obtain the best method for extracting
total phenolic compounds present in Croton lech-
leri sap, the effect of the following experimental
variables was evaluated using fractional factorial
design®?V described in Table 1: solvent concentra-
tion (water, 50 % v/v ethanol:water and ethanol
99,5 %); temperature (50, 70 and 90°C) and time
(30, 60, 90 min).

Croton lechleri sap extracts were prepared in
Falcon tubes with 1 g of sample for each assay de-
fined by the experimental design and 15 mL of the
corresponding solvent were added, as preliminary
tests demonstrated that it would be an adequate di-
lution for the four methodologies. After the tubes
were shaken manually, the samples were heated in
a water bath at the temperature and for the time de-
scribed in Table 1.
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Table 1 - Fractional experimental design 3¢ applied to optimize the extraction conditions of total phenolic

compounds in Croton lechleri sap

Assays Solvent! Temperature? Time®
1 -1 -1 -1
2 1 -1 0
3 0 -1 1
4 1 0 -1
5 0 0 0
6 -1 0 1
7 0 1 -1
8 -1 1 0
9 1 1 1

1Solvent (1= ethanol 99.5%; 0= ethanol 50%; -1= pure water);
2Temperature (1= 90°C; 0= 70°C; -1=50°C) and
3Time (1= 90 min; 0= 60 min; -1=30 min).

The extracts were filtered through filter paper
and used to determine the content of total phenolic
compounds and antioxidant activity. All assays
were performed in triplicate.

Determination of Total Phenolic Compounds
(TPC)

The content of total phenolic compounds was de-
termined according to the Singleton et al. (1999)
spectrophotometric method of Folin-Ciocateau®?2,

Antioxidant activity

Due to the complexity of bioactive compounds,
it is necessary to evaluate the antioxidant activity
by more than one method. Thus, in this study, the
antioxidant capacity of the extracts obtained was
determined by scavenging the radical DPPH (2,2-
diphenyl-1-picryl-hydrazyl)2°, ABTS (,2'-Azino-
bis (3-ethylbenzthiazoline- 6-sulphonic acid)!® and
the Ferric Reducing Antioxidant Power (FRAP)Y,
aiming at greater accuracy data.

Statistical analysis

The Statistica 7® software was used to analyze
the results obtained in the execution of the experi-
mental design. Data were evaluated by analysis of
variance (ANOVA) (p<0.05), Tukey's test (p<.05),
coefficient of determination, chi-square and lack of
fit. Response surface and Pareto plots were also
generated. The values obtained in the assays were
presented as the mean value of the triplicates with
their respective standard deviation. The equation of
the global response (GR) was also used, as de-

scribed in equation 1, aiming at the general optimi-
zation of the response variables in a single condi-
tion, according CORNELL (1990)2.

_ R(x1) R(x2) R(xn)
GR = MR(x1) + MR(x2) ™" + MR (xn)

Where R(x») is the response for an element in a par-
ticular experiment and MR(x,) is the largest re-
sponse in the set for that element

RESULTS AND DISCUSSION

Assays such as total phenolic compounds (TPC),
ABTS, DPPH, FRAP are useful to evaluate the an-
tioxidant potential in plant extracts. Statistical tools
can be used in order to observe the factors that in-
fluence the extraction such as time, temperature and
solvent concentration, obtaining the best extraction
conditions. Table 2 presents the treatment of these
data, in which the different letters associated with
the averages indicate the significant difference be-
tween the samples.

The results (Table 2) for total phenolic com-
pounds ranged from 92.22+1.35 t0 193.29+1.93 mg
100 g*. For the analysis of antioxidant activity in
the ABTS method, the variance was 15.17+0.08 to
26.80+0.04 mM TE g* and in the DPPH method it
was 0.275+0.002 to 0.688+0.011 mM TE g. Using
the FRAP methodology, the variation ranged from
6.73+0.02 t0 19.20+0.07 mM g*. All results are ac-
ceptable.
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Table 2 - Fractional Factorial Design (FFD) 3% coded assays and responses obtained for Croton lechleri sap

Assays TPC (mg 100 g?)

ABTS (MM TE g

DPPH (MM TEgY) FRAP (mM g?)

1 92.22+1.35 h** 15.17+0.08 g
2 152.03+1.58 e 23.83+0.04 c
3 172.90+0.90 c 23.64+0.03 d
4 143.60+0.42 f 20.66+0.05 f
5 184.98+2.80 b 26.01+0.03 b
6 108.20+1.15¢g 20.56+0.02 f
7 193.29+1.93 a 26.80+0.04 a
8 141.29+0.55 f 20.60+0.02 f
9 163.37+2.03 d 23.47+0.02 e

0.275+0.002 g 6.73+0.02 ¢
0.484+0.004 c 13.70+0.07 d
0.561+0.005 b 15.48+0.08 ¢
0,441+0.003 e 12.74+0.02 e
0.677+0.007 a 18.68+0.05 b
0.277+0.005 g 10.16+0.04 f
0.688+0.011 a 19.20+0.07 a
0.387+0.011 f 12.83+0.07 e
0.467+0.002 d 13.63+0.05d

* Tukey's test, values followed by different letters in the same column represent a significant difference between the assays (p<0.05)
and equal letters represent that there was no significant difference between the assays (p<0.05). Source: The authors (2022)

Thus, it was possible to identify that the highest
extraction of total phenolic compounds was ob-
tained in test 7, under the conditions of 50 % etha-
nol, with a time of 30 minutes at 90 °C. The test 1,
with aqueous extract, showed the lowest extraction
of phenolic compounds in 30 minutes and 50 °C.
This shows that the aqueous extract, in this case, is
not efficient due to the marked difference in polar-
ity.

The values for the antioxidant activity tests
showed that, for the ABTS method, the best condi-
tion was also in test 7 with 50 % ethanol conditions,
with a time of 30 minutes and a temperature of 90
°C. ldentically to the results of total phenolic com-
pounds, the antioxidant activity was also lower for
extraction 1 with the conditions of 0 % ethanol (pu-
rified water), with 30 minutes and 50 °C.

Similarly, for the DPPH method, the best condi-
tion was for test 7 in 50 % ethanol conditions, with
a time of 30 minutes and a temperature of 90 °C.
However, among the other column values, it can be
observed that in test 5, under the conditions of 50%
ethanol, with a time of 60 minutes at a temperature
of 70°C, it also showed a good influence on the ex-
traction. There was only a small variation in the
means of trial 7 (0.688+0.011) and trial 5
(0.677+0.007).

Among the evaluated solvent concentrations, 50
% ethanol is more efficient in extraction with
higher temperature and time variation. As in the
other assays, the lowest extraction of the DPPH
method was obtained in test 1 and test 6, which
used deionized water as extractor solvent. In test 1
the experimental conditions were in a time of 30
minutes and a temperature of 50 °C and in test 6, at
90 minutes and 70 °C. Results varied in trial 1
(0.275+0.002) and trial 6 (0.277+0.005), showing
that water does not maximize the extraction of com-
pounds with antioxidant activity.

The FRAP method, like all the previous meth-
ods, showed the best result in test 7, under the same
conditions, with 50 % ethanol, in a time of 30
minutes at 90 °C. Test 1 also agreed with the tests

in other methods of quantification of antioxidant
activity, not being effective in water extraction at
50 °C for 30 minutes.

In a comparative analysis of all tested methods,
it can be seen that the DPPH method showed
greater sensitivity to the extracted compounds,
since in this case, two assays showed higher
amounts of compounds with antioxidant properties:
assay 5 under 50 % ethanol conditions , with a time
of 60 minutes at a temperature of 70°C and test 7,
for extraction with 50 % ethanol for 30 minutes at
90 °C. Despite having a small difference in extrac-
tion efficiency, the test of means did not show a sig-
nificant difference in these assays (Table 2).

A similar study carried out with Croton lechleri
to evaluate the antioxidant activity by the DPPH
method using leaves, bark and sap residues, using
water and ethanol as extracting solvent, with a time
of 30 and 90 minutes and a temperature of 35 and
70 °C, resulted in phenolic compounds with the
best extraction with water, at 70 °C for 30 min,
while for compounds with antioxidant activity the
best solvent was ethanol, at 70 °C for 90 minutes of
extraction?,

In other studies?*? | the antioxidant activity of
botanical extracts from Croton Heliotrpiifolius
Kunth known as Velame-da-caatinga and from
Croton blanchetianus Baill, the white quince tree,
was determined using the DPPH method and both
extracts were capable of scavenging the DPPH free
radical. However, the Croton blanchetianus extract
showed greater antioxidant activity against Croton
Heliotrpiifolius Kunth, compared to the synthetic
antioxidant Butylhydroxytoluene (BHT). This dif-
ference in antioxidant activity can be attributed to
the concentration and amount of phenolic com-
pounds of each plant?*.

Piovesan (2016) carried out investigations with
blueberry bioactive compounds, aiming at a greater
yield of antioxidant constituents using different pa-
rameters in the extractive process. The best results
were obtained with the DPPH and FRAP methods,
with conditions of a 60 % hydroethanolic solution,
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with 60 minutes at 30 °C and 80w of power, and the
results obtained by the DPPH method did not vary
with temperature. The best yield in the ABTS
method was for the test at 60 % solvent, 120
minutes and 40 °C. In addition, the study confirmed
the antioxidant capacity of blueberries for use in the
preparation of other food products?.

In another investigation of antioxidant activity
carried out in onion peel with different extraction
methods and conditions in relation to time, specifi-
cally 30 minutes, the DPPH method was fa-
vored?®2’, However, in 240 minutes, the extraction
was also proven effective by the ABTS method. Fi-
nally, according to the author's assessment, both
methods were tested with ethanol solvent (60 % and

80 %) at a temperature of 70 °C?%. The use of etha-
nol-solvent and higher temperatures, there is the
best condition for extraction of antioxidant com-
pounds, regardless of time. Based on the results
achieved in the present study, it was possible to
evaluate the estimate of effects and other infor-
mation by ANOVA, showing how significant each
dependent variant studied was or not.

For phenolic compounds (Table 3), it is observed
that the ethanol concentration factor in linear and
quadratic terms is more effective among the factors
(p<0.05) and temperature and time also influenced
the extraction, but in a linear, as p<0.05 is within
the parameters, as well as the ethanol factor.

Table 3 - Linear, quadratic and interaction effects of the variables ethanol concentration (%), extraction tem-
perature and extraction time, using fractional factorial design (FFD) 3% on the response variables of total

phenolic compound content (TPC)

TPC SS DF MS F p
XiL+Q 22041.76 2 11020.88 4399.258 0.000000
XoL+Q 3551.67 2 1775.84 708.869 0.000000
XsL+Q 328.77 2 164.39 65.619 0.000000

XiL /1 XaL 4480.13 4 1120.03 447,089 0.000000
XiL /1 XsL 3551.67 2 1775.84 708.869 0.000000
XoL I/ XsL 22041.76 2 11020.88 4399.258 0.000000
Error 45.09 18 2.51 - -
Total SS 27065.62 26 - - -
Lack of fit 160.86 2 80.43 32.106 0.000001

Sum of squares (SS), degree of freedom (DF), mean square (MS), standard error, linear and quadratic (L and Q). Ethanol (XiL and

XiL), Temperature (XzoL and XoL) and Time (XsL and XaL).

Table 4 shows the results of the analysis using
the ABTS methodology, showing that the ethanol
concentration factor was significant together with

the temperature in linear and quadratic terms
(p<0.05). The time factor is variable, but significant
with p<0.05.

Table 4 - Linear, quadratic and interaction effects of the variables ethanol concentration (%), extraction tem-
perature and extraction time, using fractional factorial design (FFD) 3% antioxidant activity by the ABTS

method

ABTS SS DF MS F p
XiL+Q 204.2771 2 102.1386 62409.55 0.000000
XoL+Q 33.9959 2 16.9979 10386.22 0.000000
Xs3L+Q 1.5830 2 0.7915 483.64 0.000000
XiL /] XoL 61.6503 4 15.4126 9417.53 0.000000
XiL /] X5 33.9959 2 16.9979 10386.22 0.000000
XoL /] XsL 204.2771 2 102.1386 62409.55 0.000000
Error 0.0295 18 0.0016 - -
Total SS 297.0255 26 - - -
Lack of fit 27.3213 2 13.6607 8347.05 0.000000

Sum of squares (SS), degree of freedom (DF), mean square (MS), standard error, linear and quadratic (L and Q). Ethanol (XiL and

X1L), Temperature (XzL and XzL) and Time (XsL and XsL).

In the DPPH analyzes as shown in Table 5, the
solvent, temperature and time are significant, both

as linear and quadratic, with values within the pa-
rameters (p<0.05).
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Table 5 - Linear, quadratic and interaction effects of the variables ethanol concentration (%), extraction tem-
perature and extraction time, using fractional factorial design (FFD) 3°** antioxidant activity by the DPPH
method

DPPH SS DF MS F p

XiL+Q 0.487062 2 0.243531 5822.870 0.000000
XoL+Q 0.025492 2 0.012746 304.759 0.000000
X3L+Q 0.018788 2 0.009394 224.609 0.000000
Xal /I XoL 0.151212 4 0.037803 903.877 0.000000
XaLk /I XsL 0.025492 2 0.012746 304.759 0.000000
XoLl /I XsL 0.487062 2 0.243531 5822.870 0.000000
Error 0.000753 18 0.000042

Total SS 0.545104 26

Lack of fit 0.001774 2 0.000887 21.214 0.000018

Sum of squares (SS), degree of freedom (DF), mean square (MS), standard error, linear and quadratic (L and Q). Ethanol (XiL and

X1L), Temperature (XzL and XzL) and Time (XsL and XsL).

In the FRAP method (Table 6), the solvent was
significant and the temperature also in quadratic
and linear terms, along with time, with parameters

of p<0.05, showing the influence of these factors on
the extraction.

Table 6 - Linear, quadratic and interaction effects of the variables ethanol concentration (%), extraction tem-
perature and extraction time, using fractional factorial design (FFD) 3% antioxidant activity by the FRAP

method
FRAP SS DF MS F p

XiL+Q 281.0508 2 140.5254 42064.90 0.000000
XoL+Q 48.0258 2 24.0129 7188.03 0.000000
XsL+Q 4.0027 2 2.0013 599.08 0.000000
XiL /] XoL 85.2634 4 21.3159 6380.69 0.000000
XiL /] X5 48.0258 2 24.0129 7188.03 0.000000
XoL /] XsL 281.0508 2 140.5254 42064.90 0.000000
Error 0.0601 18 0.0033

Total SS 363.4856 26

Lack of fit 8.1070 2 4.0535 1213.38 0.000000

Sum of squares (SS), degree of freedom (DF), mean square (MS), standard error, linear and quadratic (L and Q). Ethanol (XiL and

X1L), Temperature (XzL and XzL) and Time (XsL and XsL).

In general, considering all the tests, it was possi-
ble to notice that the factors solvent, temperature
and time, in quadratic and linear terms in all ana-
lyzes significantly influenced the expected results
for each extraction condition. It should be shown
that the solvent in concentrations of 50 % ethanol
is the most efficient for extraction, with a greater
amount of extracted antioxidant compounds. The
results are in agreement with the data obtained by
Silva et al. (2021), who evaluated the phytochemi-
cal profile of ethanolic and methanolic extracts
from Croton Blanchetianus, popularly known as
quince tree or marmeleiro-do-mato. The extraction
yield with ethanol was 3.37 %, higher than the yield
of 2.43 % using methanol as extracting solvent, a
fact possibly explained due to the greater similarity
of polarity of the organic compounds present?’.

Also noteworthy in the same research, the assays
of the ABTS method with variations of solvent x
time, solvent x temperature with significant results

so the temperature x time did not prove to be effec-
tive, that is, the time can still vary??>?’. For the
DPPH method, the solvent, time and temperature in
quadratic terms were efficient and in linear terms
they were not significant. In the FRAP test, temper-
ature and solvent were efficient in linear terms, so
the other conditions and interactions were not sig-
nificant.

In this research, the response surface and contour
graphs were included as a sequence of analyses, in
which the influence of the independent variables
solvent, temperature and time in relation to extrac-
tion is evaluated, with the dependent variables total
phenolic compounds and antioxidant activity by
ABTS, DPPH and FRAP methods. The response
surface can be used for optimal formulations, eval-
uating the effects of interactions between independ-
ent variables. The response surface graphs are col-
ored and curved, where the dark red region is more
centralized and predominant near the center point,
optimized with the best extractions.
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For total phenolic compounds, the temperature-
time concentration factor, there may be a possibil-
ity of adjustment to be optimized, as it is outside the

central point, so the solvent (% ethanol) exhibits an
improved response along with time, closer to the
central point, as shown in the graphs in Figure 1.
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Figure 1 - Response surface (left) and contour plots (right) for total phenolic compound (TPC) extraction fac-
tors. A: Temperature x time; B: Ethanol x temperature and C: Ethanol x time
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In comparison with the information obtained in
the experimental design and estimates of the effects
described in Table 3, it is observed that the best ex-
traction condition in the conditions of 50 % ethanol,
higher temperature such as 90 °C and with a time
of 30 minutes, time variable, but significant with
(p<0.05), considering that the data are very similar
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to the graphs.

In the analyzes for the ABTS method (Figure 2),
the solvent-time factors were more important in the
optimization, therefore the temperature was less
significant. On the other hand, it also had an influ-
ence on extraction. It can be said that higher tem-
peratures significantly influence the extractions.

Time

I > 28000
W < 27000
B < 25000
3 < 23000
i £ < 21000
-1.2 -1.0 -08 -06 04 -02 00 02 04 06 08 1.0 1.2=<|900\7

< 17000
Temperature . < 15000

Ethanol

. > 26000
-1.2 I < 25000
1.2 -1.0 -08 -06 0.4 -02 00 02 04 06 08 1.0 ngasooo

< 21000
Temperature . < 19000

Ethanol

-1.2 I < 23000
-12 1.0 08 06 -04 -02 00 02 04 06 08 10 12%‘21000

Time

Figure 2 - Response surface (left) and contour plots (right) for extraction factors by the ABTS method. A:
Temperature x time; B: Ethanol x temperature and C: Ethanol x time
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Figure 3 presents the results found for the DPPH to be significant, indicating that the trend towards
method, showing the different interactions between

higher temperatures leads to better extractions, and
solvent-time-temperature. The interaction between may even alter the extraction time.
the time-temperature independent variables proved

1.2
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Figure 3 - Response surface (left) and contour plots (right) for extraction factors by the DPPH method. A:
Temperature x time; B: Ethanol x temperature and C: Ethanol x time

For FRAP method (Figure 4), all evaluated de-

graph, that is, in this case, all of them influence the
pendents are located at the central point of the

extraction in some way, compared to Table 1. It is
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noteworthy that at higher temperatures, results
were obtained. the highest extraction in the shortest
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Figure 4 - Response surface (left) and contour plots (right) for extraction factors by the FRAP method. A:
Temperature x time; B: Ethanol x temperature and C: Ethanol x time

The evaluation of the results by the contact sur-
face method proved to be an important tool for data
analysis, as it effectively contributed to the under-

standing and visualization of the results. The sur-
face and contour graphs for the four variables also
showed similar behavior to the others, where the
central point region is in evidence in all analyses,
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indicating that the extraction optimization is using
higher concentrations of ethanol, higher tempera-
ture and shorter time. of extraction.

The solvent-temperature interaction was the
closest to an optimized condition, possibly being
found between the solvent (50% ethanol), which
had a great influence on all methods, as it was the
one that showed the most significant effect through
the analysis of each independent variable and their
effect interactions, showing that aqueous extracts
with purified water are less effective for extracting
phenolic compounds and compounds with antioxi-
dant potential®. Therefore, the temperature showed
oscillations, as it is observed that at higher temper-
atures there were better results, greater extraction,
as it facilitates the passage of cell walls, increasing
the solubility of the components to be extracted.
Despite this, evaporation of the solvent or even
degradation of the compounds may occur due to ox-
idation. It is possible to observe that, in this study,
the degradation of phenolic compounds by temper-
atures, which reached a maximum of 90 °C, did not
occur.
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In a study carried out by Fontoura (2021), on the
antioxidant potential of chestnut tree peels, for total
phenolic compounds, and antioxidant activity by
the ABTS, DPPH and FRAP methods, using the
same methodology with the independent variables
of ethanol (0, 20, 50, 80 and 100 %), temperature
(40, 50, 60, 70 and 80 °C) and time (30, 50, 75, 100
and 120 min), it was found that the solvent-ethanol
factor had a greater influence, indicating a higher
concentration in the central point between 50 and
60% being the most efficiently optimized extrac-
tion, and together with higher temperatures it
proved to be more extractive, where the ideal tem-
perature was close to 60°C, and in longer extraction
times it had better optimization?:. However, the
time of 30 minutes, compared to the extraction of
Croton lechleri which proved to be efficient with
the solvent-ethanol at 50%, higher temperatures be-
tween (70 and 90 °C) with a time of close to 30
minutes had similar results. To complement the
ANOVA, evaluating the results, there are Pareto
charts (Fig. 5), as an aid in the visual understanding
of the best extraction parameter for each method.
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Figure 5 - Pareto charts obtained from the interactions of the significant conditions: ethanol (%), temperature
(°C) and time (min) for each variable. (A) Total phenolic compounds (TPC) and Antioxidant activity by ABST
(B), DPPH (C) and FRAP (D) methods by fractional factorial design (FFP) in Croton lechleri sap
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In the graph, the red dashed band is analyzed,
meaning that all horizontal bars exceed the vertical
red band, which has a significant effect on extrac-
tion. In the analysis, it can be said that the indexes
of TPC and antioxidant activity (ABTS, DPPH and
FRAP), in all the solvent (Q), had a greater influ-
ence. Subsequently, all other methods proved to be
significant. That is, the Pareto chart for TPC
showed significance for all factors, with the best
conditions tending towards solvent-ethanol, the
higher the concentration, the more significant for
the extraction, so the higher the temperature, the
better quadratic(Q) and the lower linear (L) and the
time seems that the more time the more optimized.

For ABTS, the best conditions were with ethanol
in higher concentration and higher temperature
with shorter time. In DPPH and FRAP results were
similar with ABTS. According to research by
Fontoura (2021), the Pareto charts showed that the
solvent concentration at lower levels had the most
significant influence on the extraction in all tests

performed, such as the time factor specifically for
the extraction of phenolic compounds at lower lev-
els, and temperatures closer to the central point, ex-
traction can be more efficient.

The software used to carry out the STATISTICA
7 analyses, generated Table 7, that is, the regression
coefficient, in which the conditions that are signif-
icant for the extraction were evaluated and a pre-
dictive equation was obtained. For calculation pur-
poses, the partial derivative mathematical function
is used, so that the variables of the equation are iso-
lated, and thus discover the best level and real
value, after being decoded by interpolation. The
joint optimization, also known as global/general re-
sponse, evaluates the minimum and maximum val-
ues achieved in each of the tests, and tries to find a
variable or condition that is the best for everyone,
either maximizing or minimizing the result ob-
tained. All correlation coefficients of the equations
(R?) were equal 0.99 and p = 1.00 with 26 degrees
of freedom.

Table 7 - Regression model equations used to determine the best extraction condition for each variable (total
phenolic compounds (TPC), antioxidant methods ABTS, DPPH and FRAP) in fractional factorial design 33!

in Croton lechleri sap

Variables Equations
TPC y =184.98 + 20.97Xer— 20.97Xei + 13.47x7 + 6.92X12 + 3.27x;- 8.80X¢? - 5.03XeiXT
ABTS y =26.02 — 0.15Xet - 4.77Xe? + 1.37X7- 0.16X72~ 0.20%;- 0.63x%? ~ 1.12XeXT + 3.14XecX7?
DPPH y = 0.68 + 0.06Xet— 0.25Xe? + 0.04x7 + 0.01%7%~ 0.03x; - 0.06%? + 0.03XerX7?
FRAP y = 18.68 + 1.05Xet- 6.16Xe® + 1.63x7 - 0.26X7%~ 0.24X:-1.08% - 1.00XeiXt + 1.01XeiX72

Ethanol (linear xer and quadratic Xe?), Temperature (linear xt and quadratic xt2) and Time (linear x; and quadratic x:?). Source: The

authors (2022)

In order to determine a general condition, for the
variables of the study carried out with the fractional
factorial design, the value of corresponding to test
7 was obtained, shown in Table 1. Corresponding
to the highest temperature (90°C), with the shortest
time (30 min) and with 50% ethanol, which is con-
sidered the best global condition for extraction of
active compounds, compared to all analyses. The
results in Table 7 were evaluated using the regres-
sion coefficients and thus the regression coefficient
(R2) was also generated, which tells how much the
model was optimized on the standard curve, so how
much (Table 7) were the results accurate with a re-
gression coefficient in the analyzes of CPT and an-
tioxidant activity (ABTS, DPPH and FRAP), are all
significant with a coefficient of 0.99, that is 99% of
variation with p<0.05, with a total number of ex-
periments shown by the DF of 27 experiments.
Therefore, the study model can be used for predic-
tive purposes of extracting compounds with antiox-
idant properties from the studied plant.

When calculating the global response in the
study, taking a general condition, the race repre-
sented with the number 7 of best extraction was in

conditions with (50% ethanol, at 70°C and 30 min
of extraction) and thus obtained the regression co-
efficients for statistical analysis. Similar results for
total phenolic compounds the response occurred at
0.92% of variance by model and with (p<0.05).
Thus, the author concludes that the result showed
high efficiency and reliability for this variable,
however for antioxidant activity (ABTS, DPPH and
FRAP) the coefficient of determination was 0.68,
0.89 and 0.90, and o (p<0.05), concluding that they
were significant?,

CONCLUSIONS

The chemometric tools used in the study: the
fractional experimental design, the response sur-
face and the Pareto chart proved to be efficient in
the global response of the results. Based on a set of
variables, it was possible to optimize the extraction
of total phenolic compounds with antioxidant po-
tential from Croton lechleri sap extracts, with the
best extracting condition being at a temperature of
90 °C, with the shortest extraction time evaluated
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(30 min) and ethanol (50% v/v) as solvent. In addi-
tion, these metrics also made it possible to reduce
the number of tests, without reducing the effective-
ness of the analysis, and with a reduction in costs,
both for samples and for the solvents used.

Hydroalcoholic extracts from Croton lechleri
sap have high levels of total phenolic compounds
with significant antioxidant activity. In future stud-
ies, the characterization of the extracted constitu-
ents will be sought, mainly with a focus on the time
of extraction and verification of the antioxidant per-
formance in commercial products.
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