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ABSTRACT

Extraction of olive oil gives rise to large quantities of pomace and liquid effluents, since on average only 21% of the
weight of the olive corresponds to oil, the remaining 79% consists of, Wwat&r pulp and ston&/ith the intention to
make available new forms of use of this residue, this research was proposed, with aimed to optimize the extraction of
phenolic compounds from olive pomace resulting from oil extraction using methanolic extracts. The analysis of phenolic
compounds (TPC) and the evaluation of the antioxidant activity (AA) were performed by spectrophotomdetrg
individual phenols were carried out by LC-ESI-qTOF-MS. The data were evaluated by the application of the response
surface methodology (RSM). The condition that promoted the highest TPC in an extract was using 40% methanol, 70
°C and 180 minutes (extract The highesfA was in the extract obtained with 40% methanol, 45 °C and 180 minutes
(extract 5). The highest individual phenol sum (IPS) was in the extract with 80% methanol, 45 °C and 180 minutes (extract
6). Therefore, it is possible to conclude that the RSM was an interesting tool to measure the best conditions for
extraction of phenolic compounds from olive pomace.

Keywords: residue; antioxidant activity; bioactive compounds.

INTRODUCTION phase centrifugation system, only one pomace containing

, . . up to 80% moisture, including peel, pulp and stone,
In European countrigsrhere 95% of the worldolive without the formation of olive mill waste waters is

oil production is concentrated (International Olive CounciI@I enerated.
2018), the inherent residues of olive oil production are In the three-phase centrifugation system a solid
considered an environmental problem. pomace is formed, consisting of the pulp, rind and stone
The amount and characteristics of the waste generagdne fruit, containing 25 to 50% moisture and 5 to 7% of
will depend on the extraction form of the olive oil. Thergyjiye oil. In addition, olive mill waste waters are formed in
are currently two distinct olive oil extraction methods: th%rger volume than in the traditional method, due to the
traditional method, using hydraulic press, and thgqdition of water in the three-phase centrifugation process.
continuous extraction by centrifugation method, whiclsenerally speaking, the olive mill waste water produced
the olive industry has adopted in recent decadgsthis system are mostly made up of water (83 to 94%),
(Bhatnagaet al, 2014). organic matter (4 to 16%) and mineral salts (0.4 to 2.5%)
In the hydraulic press extraction, a solid pomace an@|(’datt et al., 2010).
olive mill waste waters are generated. In the centrifugal The applications of olive pomace include their use as
extraction method, two distinct systems may be used: theganic fertilizers and animal feed supplements (Innangi
three-phase system and the-phase system. In the two- et al,, 2017), fortification of food products, such as french
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fries (Bouazizt al, 2010), pasta and bread (Simorgito presented iffable 1 and the choice of methanol as solvent
al., 2019), refined edible oils (Sanchez de Medinal.,, were based on the results of preliminary experiments. Each
2012), and fermented milk (Aliakbariahal, 2015). variable to be optimized was encoded in three levels (-1, O,
The olive pomace resulting from the oil extraction+1). Eleven randomized experiments including three
accounts with about 99.95% of the total phenolic contergplicates as the central points were assigned based on
(TPC) of the olive fruit, with only less than 0.05% migratingCCD.TheTPC,AA and IPS were selected as the responses
to olive oil (Cecchet al.,2018). (dependent variables) for the combination of the
The disposal of these residues may cause harmfaotdependent variablesdible 1) Three experiments of each
effects on the environment due to its high organic contecondition were performed, and mean values were declared
and phytotoxicitydue to recurrent high concentration ofas measured respons€ke predicted values 3PC,AA
phenolic compounds, which ones have hard biologicahd IPS were obtained according to the recommended
degradation, and antimicrobial effect, by affecting the praptimum conditions. The predicted and experimental
cesses of anaerobic digestion (Bhatnagal., 2014). values were compared in order to determine the validity
These residues can be substantially valued from tloéthe model.
extraction of phenolic compounds that, given their wide
range of bio-applications, can contribute to the recovery Preparation of the extract
of this residue, with significant reduction of environmental Extraction by maceration was carried out in a water
impact. Therefore, the objective of this study was tpath; where the lyophilized olive pomace sample (0.5 g)
optimize the extraction of phenolic compounds from olivgyas mixed with 15 mL of aqueous methanol at defined
pomace obtained in the twzhase extraction processconcentrations (@ble 1) and kept under agitation

using methanolic extracts. according to the time @ble 1) and temperaturea@le 1)
as determined in CC\fter extraction, the extracts were
MATERIAL AND METHODS centrifuged at 7,000 x g for 15 min, and the supernatants

were filtered through filter paper and transferred to a 20
mL volumetric flask, for the final volume to be adjusted
The olive pomace of two phase were supplied by &ith the respective concentrations of aqueous methanol.
plant processing of olive oil, located at the city of Pinhei-
ro Machado (31°29'59.8. 53°30'37.9W) in Rio Grande ~ Determination of total phenol content of olive
do Sul, Brazil. pomace
The samples were collected and subsequently frozen The TPC was measured by a photometric Folin—
in an ultrafreezer at -80°&fterwards, the samples were Ciocalteu assay according to Swaittddlis (1959) with a
lyophilized, promoting the removal of 99% of walt  few adaptationsTo 250uL extract were added 40Q
chemical products were of the highest analytic degrewater and 25QL Folin-Ciocalteu reagent (0.25 mot-Lin
Hydroxybenzoi@cid, GallicAcid, Rutin, Catechin, Ferulic a centrifuge tube and allowed to react for 3 minutes.
Acid, Cafeic Acid, ChlorogenicAcid, Vanillic Acid, = Subsequently500uL of sodium carbonate (1.0 mottL
CoumaricAcid, SyringicAcid, Tyrosol, Oleuropein, was addedAfter 2 hours of reaction, the absorbance was
Hydroxytyrosol, were supplied by Sigma-Aldrich (St.measured in a spectrophotometer (Jenway 6705 UV/VIS)
Louis, USA); methanol and Folin Ciocalteu 2 N solutiorat 725 nm. Standard curve was defined by known
were obtained from Merck (Darmstadt, Germakliygter concentrations of gallic acid, ranging between 0 and 200
was purified by an Ultra Purification System (Mega Purity)ng.L* (R?=0.9923), and results were expressed in
milligrams of gallic acid equivalents (mg:kGAE).

Sample and Chemicals

Experimental Design

The extraction parameters were optimized using Determination of the antioxidant activity
Response Surface Methodology (RSM).Central The antioxidant activity of the samples was assessed
Composition Design (CCD) was used to identify théy standard antioxidant Trolox. Calibration curves of
relationship between response functions an@rolox (concentrations 0-300 mgilwere made in FRAP
independent variables, as well as determine conditio(l8? = 0.9954) post-column assays, and the results were
that optimize the extraction process for total phen@xpressed as Trolox equivalent antioxidant capacity
content (TPC), antioxidant activity (AA) and individual (mg.kg* TEA). The analysis was conducted according to
phenol summatory (IPS) of olive pomace extractthe method described by Silva (2013), with few
Concentration of methanol (X1), temperature (X2) and timaodifications.To the extract was added 300D of the
(X3) were chosen for independent variables. The ran§&RAP reagent, and the reaction was conducted under
and center point values of three independent variablheating at 37 ° C for 30 minutes. The reduction of tie Fe
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to Fe* complex was obtained by reading the absorban¢eydroxybenzoic acid (R2=0.9988), Coumaric acid (R2 =
at 595 nm in a spectrophotometer (Jenway 6705 UV/VIS).9997)Vanillic acid (R?=0.9999), Galic acid (R2=0.9999),
e i Caffeic acid (R?=1.0000), Ferulic acid (R?=0.9999), Syringic
| dentification of the Phenolic Compounds by acid (R2=0.9996), Chlorogenic acid (R2=0.99969), Rutin
LC-ESI-qTOF-MS (R2 = 0.9998), Catechin (R? = 0.9989), Oleuropein (R? =
The same extracts analyzed for total phenolic contept9996), Hydroxytyrosol (R2 = 0.9962)yrosol (R?

and antioxidant activitpy spectrophotometer was used=0.9924)), and the results were expressed in mg.kg
for identification of the phenolic compounds by LC-ESI-

gTOF-MS.Samples were filtered through a 0.22 mM nylon Satistical Analysis

membrane filter (Merck Millipore Corporation, Germany).  To evaluate the results foPC,AA and IPS for expe-
After the samples were prepared A0was injected ina rimental designs, it was used analysis of variance
liquid chromatograph (UFLC, Shimadzu, Japan) couplddNOVA), which was carried out using the software

to a high-resolution mass spectrometer of the quadrup@eatistica 6.0 at level of 95% of confidence (p < 0.05). The
type—flight time (Maxis Impact, Bruker Daltonics, experiments and analytical measurements were carried out
Germany)A pre-column C18 (2.0 x 4 mm) and Luna C18n triplicate. The adequacy of the model was determined
column (2.0 x 150 mm, 100 Ai@n) (Phenomeneforrance, by evaluating the lack of fit, the coefficient of determination
USA) were used for the chromatographic separation usi(ig?), and the F test value obtained fromANOVA. The

the mobile phases: water acidified with 0.1% formic acidukey test was used for comparison of the means at 5%
(eluentA) and acetonitrile acidified with 0.1% formic acid of significance. The relationship between the independent
(eluent B). For separation, a gradient was used: 0—2 mirgriables and the response variables was demonstrated
10% B; 2—15 min, 10-75% B; 15-18 min, 90% B; 18—-21 mihy the 3D response surface plots.

90% B; 21-23 min, 10% B, 23—30 min, 10% B, 0.2 mLmin

flow and the column temperature was set at 40 °C. TRESULTS AND DISCUSSIONS
mass spectrometer was operated in the ESI negative modes

with spectra acquired over a mass range of m/z 50 to 12dgpPtimization of phenolic compounds extraction

with capillary voltage at 3.5 kViebulization gas pressure ~ As shown inTable 2, concentrations @PC ranged
(N,) of 2 bar drying gas at 8 imin, source temperature from 20886.2 to 23061.2 mg:k@GAEof dried olive pomace,
180 °C, RF collision of 150 Vpp; transfer 70 mS and prexnd all samples differed significantly by Tukey test (p <
pulse storage of 5 mS. The equipment was calibrated wih05)

10 mmol.L* sodium formate, covering the acquisitionran- The highest concentration of phenolic compounds
ge of m/z 50 to 120@utomatic MS/MS experiments were was obtained by the extract 7 (23061.2 mg.®@\E), in
performed by adjusting the collision energy values aghich the methanol concentration was 40% (level -1),
follows: m/z 100, 15 eMn/z 500, 35 eVim/z 1000, 50 %, the temperature of 70 °C (level +1) and time of 180 minutes
using nitrogen as the collision gas (Hoffmanal, 2016). (level +1); followed by the extract 8, in which the
Data from MS and MS/MS were processed using Datancentration of 22809.4 mg-kGAEwas obtained. The
analysis software 4.0 (Bruker Daltonics, Germany)owest yield was obtained by the extract 3 (20886.2 mg.kg
Phenolic compounds were characterized by the i8//V* GAE), in which the methanol concentration was 40% (-
spectrum (210-800 nm), and the exact mass and M$) the temperature of 70 °C (+1) and the time of 60 minutes
fragmentation patterns were compared to the equipmegni). Similar results were reported in a study that
library data and databases (Metlin, MassBank, Keggyaluated the efficacy of ultrasound in the extraction of
Compound, ChemSpider) and compared with the isotopld®®C from olive pomace, with 22020 mg-kgAE
standard. The quantification of phenolic compounds wef&oldsmithet al.,2018). The effects of the variables on
performed by external calibration curve with eighthe overall yield of the extraction were determined (Figu-
concentrations (0.039; 0.078; 0.156; 0.312; 0.625; 1.25@& 1). For this, linear models with a 95% confidence
2.50 and 5 pg.mtb) with standards of each compoundnterval were considered.

Table 1 Independent variable and coded levels used in Central Composition Design

Coded Levels

Independent variable Units

-1 0 +1
Methanol concentration (X1) % 40 60 80
Temperature (X2) °C 45 57.5 70
Time (X3) minutes 60 120 180
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The effects considered significant can be observed
from the p value, where all values smaller than 0.05 are
significant. The p value is the probability of observing a
statistical test value greater than or equal to that found.
This value is used to evaluate the significance of the
coefficients, so that the smaller the p value, the greater
the significance of the coefficient of variation.

The time variable presented positive and significant
effect, when the extraction time was increased from level -
1 (60 min) to level +1 (180 min), there was an increase in
the effect of 1279.1. This can be justified by the increase
in the contact time between the solvent and the sample,
which leads to a greater penetration of the solvent and,
consequentlyfavors the extraction of the phenolic
compoundsAccording toYingnganmet al (2015), reduced
extraction times do not allow efficient penetration of the
solvent into the extract, preventing the extraction of the
compounds of interest. Some studies corroborate these
findings, since an increase in TPC content was observed
due to an increase in extraction time (Saral, 2011,
Dentet al, 2013; Chert al, 2018).

The interaction between temperature and extraction
time promoted a positive and significant effect on the
extraction of phenolic compound#/ith the increase of
the extraction time and the heating of the sample, the
integrity of the cell wall weakened, promoting greater
extraction of these compounds, due to the increased
solubility with the solvent (Liuet al, 2013). The
temperature had a positive and significant effect, when
this variable was elevated to -1 (45 °C), at +1 (70 °C) there
was an increase in the effect of 428.28 (Figure 1). This is
justified because the high temperature favors the mass
transfer process, leading to the reduction of the viscosity
of the solvent and facilitating its penetration, besides
favoring the degradation of the matrix and the cellular
structure, which makes the cells more permealaliegiaki
et al, 2012; Liuet al, 2013). In addition, there is a
weakening of the interactions between phenolic
compounds and proteins, and between phenolic
compounds and polysaccharides; therefore, increasing
the rate of difusion.Yuanet al (2018) observed similar
results in the optimization of phenolic compounds
extraction by maceration from Oregon hazelnut residues
in the United States.

The interaction between the methanol concentration
and the temperature showed a significant negative effect.
This behavior can be related to the reduction of the
dielectric constant of the aqueous solution mixture with
increasing temperature, which reduces the polarity of the
solvent, resulting in a lower extraction of phenolic
compounds (Chiangt al.,, 2017). The solvent
concentration variable as well as its interaction with time
were not significant. Equation 1 presents the first order
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coded model, which describes the TPC as a function pfobably because the set of parameters used promoted
the independent variables (concentration, temperature doder extraction of compounds in extract 6.
time). The efects of the variables @A by the FRARnethod

The model was validated by analysis of variancérigure 3) were determined, where linear models with a
(Table 3), in which a correlation cdiefent of 0.94 was 95% confidence interval were considered.According to
obtained, indicating that the model was significant.  Figure 3, the time was the variable that presented the most

TCP = 21624.46 + 214.14 temperature + 639.54 time - 53 ipressive effect. When time was elevated from level -1
' ' ' %0 min) to +1 (180 min), it was promoted a reduction effect

concentration tmperature + 334.34 temperature time : :
of AA of 6513.3, probably because in longer extraction

TheF_ .. Vvaluesof583.19andF of4.46 (Gble periods there was a greater degradation of compounds
1 in supplementary material), demonstrate that the modeith antioxidant activity
was predictive, thus allowing the construction of the Solvent concentration showed a negative and
response surfaces shown in Figures 2 (a), (b) and (c).@ygnificant efect on theAA response, when it was

In Figure 2 (a), it is possible to observe that with thincreased from level -1 (40%) to level +1 (80%), there was
increase of temperature and time variables to higher levélgeduction ofAA in 4969.3.The interaction between
there is a higher concentration of TPC, which is evidesplvent concentration and time presented a negative and
by the intensification of the dark color presented in thgignificant effect. Similar result also was reported in
graph. Figure 2 (b) shows that the region with the highegtevious study (pbastieret al, 2013).The interaction
TPC is at the highest levels of extraction times, howevdretween solvent concentration and temperature exerted a
the methanol concentration had no influence on the TPERsitive and significant &fct against thé\A response
and in Figure 2 (c) it is possible to observe that the darkdst the FRAP method. The temperature variable presented
and highest TPC region is concentrated at the highgst> 0.05, and consequently did not present statistical

temperature and concentration levels. significance. Similarlythe interaction between temperature
and time had no significantfett onAA response by the
Determination of the AA by FRAP Assay FRAP method.
According toTable 2 all samples déred significantly Equation 2 presents the coded model, which describes

by Tukey test (p < 0.05), and the high&stby the FRAP the AA by the FRAPmethod, as a function of the
method was obtained in extract 5 (20405.5 mgKgA), independent variables (concentration, temperature and
in which the methanol concentration was 40% (-1), théne).

temperature of 45 °C (-1) and time of 180 minutes (+1). The, - 14742 6-2484.6 concentration + 638.5 time - 3256.6

lowestAA was observed in extract6(2]8mg.kg‘TEA), time + 2100.7 concentration temperature - 2275.15
where the methanol concentration was 80% (+1):’oncentration+638 5 time @)

temperature of 45 °C (-1) and time of 180 minutes (+1).
Extracts 5 and 6 showed adardiference inAA, The model was validated by analysis of variance, in
although only differing in methanol concentrationwhich a correlation coefficient of 0.84 was obtained,

(3)Time(L) 12791
2Lby3L
(2)Temperature(L)
1Lby2L

(1)Concentration(L)

1Lby3L

200 O 200 400 600 800 1000 1200 1400 1600
Effect Estimate (Absolute Value)

Figure 1: Estimated effects of concentration (1), temperature (2) and time (3) parameters on TPC response.
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indicating that the model was significant. Thg E . in Figure 4 (c) it can be seen that the darkest region is

values of 206.8 and £ of 4.46 demonstrated that theconcentrated at the lowest level of concentration and

model was predictive, thus allowing the construction aemperature.

the response surfaces, shown in Figures 4 (a), (b) and (c). o .
According to Figure 4 (a), the darker region of the I dentification of the Phenolic Compounds by

graph (higheAA) is concentrated at lower levels of the LC-ESI-qTOF-MS

time variable; howevetemperature had no influence on  According to table 3, the sum of the compounds ranged

AA. In Figure 4 (b) the darkest region is concentrated &om 856.8 to 1481.3 mg.Kgin ascending order of average

the lowest levels of solvent concentration and time, ar@ncentration were found: catechin (0.68 mg)kgerulic
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Figure 2: Surface response of total phenolic compounds concentration.

(3)Time(L)

(1)Concentration(L)

1Lby3L

1Lby2L

(2)Temperature(L)

2Lby3L 376.6

-1000 0 1000 2000 3000 4000 5000 6000 7000 8000
Effect Estimate (Absolute Value)

Figure 3: Estimated décts of concentration (1), temperature (2) and time (3) paramet&A msponse.
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acid (1.75 mg.kd), hydroxybenzoic acid (2.73 mg.Kg In general, phenolic alcohols were present in higher
gallic acid (4.07 mg.k, rutin (4.52 mg.kg) coumaric acid concentration (930.4 mg.Ry followed by phenolic acids
(4.55 mg.kgd), oleuropein (6.16 mg.Kg, chlorogenic acid (173.8 mg.kgd), secoiridoids (6.16 mg.Kyand flavonoids
(6.24 mg.kd), vanillic acid (10.37 mg.k8, caffeic acid (5.11 mg.kg).

(18.38 mg.kd), syringic acid (132.5 mg.kY, Albahariet al (2018) optimized extraction of olive
hydroxytyrosol (136.7 mg.k{ and tyrosol (833.7 mg.k}y  pomace phenolic compounds by applying ultrasound, and

Temperature
Time

I > 16000
Il < 16000
I < 14000

5 _ Il < 12000
10 08 06 04 -02 0.0 02 04 06 08 < 12000 10 08 06 04 02 00 02 04 06 08 10::38%0

Time ( a ) Concentration ( b)

[Dosnmme
g

Temperature

10 08 06 04 02 00 02 04 06 08 10[:](10000
Concentration (C)

Figure 4: Surface response of antioxidant activity in extracts.

(2)Temperature(L) 398.
2Lby3L
1Lby2L

(1)Concentration(L)

(3)Time(L)

1Lby3L

50 0 50 100 150 200 250 300 350 400 450
Effect Estimate (Absolute Value)

Figure 5: Estimated effects of concentration (1), temperature (2) and time (3) parameters on IPS response.
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1.4+0.08
2.3+0.01
3.6+0.40
1.7+0.02
5.6+0.01
2.8+0.32
0.66+0.05
5.5+0.01
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7.1+1.01
11.8+0.01
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148.8+1.67
6.8+0.01
5.6+0.43
0.74+0.07
5.9+0.03
142.946.38
664.6+0.03 963.5+0.0915.4+0.01 530.5+0.21
1012.5

2.8+0.01
5.5+0.03
12.8+1.29
4.9+0.18
20.6+0.12
1.7+0.01
158.7+2.23
6.6+0.01
4.3+0.17
0.88+0.05
5.8+0.07
187.6+0.13
663.1+0.07
1063.3

3.7£0.34
6.3+0.00
11.6+2.37
4.4+0.1.1
22.4+0.01
1.7+0.06
6.7+0.00
6.3+0.17
0.60+0.18
6.8+0.12
1343.6

2.6+0.06

6.9+0.15

10.1+£1.43

4.2+0.51

20.4+0.02

1.9+0.01
157.5+£0.14 150.8+1.16
6.5+0.01

5.2+0.09

0.69+0.05

6.9+0.03
161.2+0.42 139.5+0.12

852.4+0.03 993.9+0.12

1227.4

HydroxybenzoicAcid

CoumaricAcid

Phenols (mg.kg)
VanillicAcid

Hydroxytyrosol

ChlorogenidAcid
Tyrosol
Total

GalllicAcid
Rutin

CaffeicAcid
FerulicAcid
SyringicAcid
Oleuropein

Catechin

Table 3: Quantification of individual phenols by LC-ESI-QF-MS
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they observed the concentaatiof 1117 mg.kgof tyrosol,
similar to that found in the present study for trial 6 (1115.4
mg.kg?), which was obtained by 80% methanol, 45 °C and
180 minutes.

The extract 5 presented the highest concentration of
hydroxytyrosol (198.7 mg.ky, wich was obtained with
40% methanol, 45 °C and 180 minutes. Similar result was
reported by Chanioti & Tzia (2018), whose optimized the
extraction of phenolic compounds from olive pomace by
assisted ultrasound (230 mgig

The concentration of hydroxytyrosol and tyrosol
observed in the present study for olive pomace was higher
than the content reported for Blanquette olive oil (11 and
1 mg.kgt, respectively) and Rougette (5 and 11 mg,kg
respectively) found byakhlefet al (2018).

In the literature, the main compounds described in olive
pomace are oleuropein, hydroxytyrosol, tyrosol, luteolin,
apigenin, vanillic acid, caffeic acid and rutin (Seretlal,
1999:Alu'dattet al, 2010; Sanchez de Medietal, 2012;
Chanioti &Tzia, 2018Albahariet al, 2018; Se¢cmeleat
al., 2018; Nunest al, 2018). In the present stydifferent
molecules than those previously described were found
(galangin, kaempferol and chrisin), which may be related
to the optimization of the extraction conditions, which
results in a more efficient removal of the phenolic
compounds from olive pomace.

Differences in the extraction variables did not
qualitatively modify the phenol profile, but it was observed
quantitatively differences, since all the compounds were
identified in the 1 extracts; howeverat diferent
concentrations @ble 3).

As shown inTable 2, the highest IPS was obtained in
the trial 6 (1481.3 mg.kg (Table 2), which was obtained
by 80% methanol, 45 °C and 180 minutes, and all samples
differed significantly by Tukey test (p < 0.05).

It was possible to observe by the analysis of effects
of the variables (Figure 5) that when the temperature
variable was elevated from level -1 to +1 there was a
reduction in the effect of 398.2 against the analyzed
response. Similarfythe interaction between temperature
and time promoted a significant and negative effect, which
indicates that when these variables were elevated from -1
to +1 there was a reduction in the effect of 152.1.

In contrast, the variables concentration, interaction
between concentration and temperature, interaction
between concentration and time, in addition to the variable
time analyzed alone, did not exert a significant effect on
the IPS response, since they presented p > 0.05 (Figure 5).

Equation 3 presents the coded model, which describes
the IPS as a function of the independent variables
(concentration, temperature and time).

IPS =1159.6-199.1 temperaturé-Ftemperature time (3)
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Figure 6: Surface response of individual phenol summatory

The model was validated by analysis of varianceoal de Nivel SuperiorQAPES) for founding the
(Table 3), in which a correlation cdiefent of 0.98 was research. The authors declare that there is no conflict of
obtained, indicating that the model was significant. Thimterest in carrying out the research and publishing the
F icuaeg Values of 28.43 and F  of 4.46 (Bble 1 in  manuscript.
supplementary material), demonstrate that the model was

predictive, thus allowing the construction of the respons@ONCLUS|ONS

surface.s shown in Figuresﬁ(a) and (b). ~ Through surface response methodology it was
In Figure 6 (a), it is observed that the darkest regiqi,ssiple to observe that the conditions that promoted
(highest IPS) is concentrated at the highest temperatygg, highest TPC were obtained by using 40% methanol,
level, regardless of the concentration level. Figure 6 (B4 ¢ and 180 minuteZhe highesAA was found in the
shows that the region with the highest IPS is located at 3¢ act obtained with 40% methanol, 45 °C and 180

highest extraction time level and lowest temperature levelin tes. The extract that showed the highest IPS was the

. . 0 o .
ACKNOWLEDGEMENTS, FINANCIAL one obtained using 80% methanol, 45 °C and 180 minutes.

SUPPORT AND EULL DISCLOSURE The requnse surfacc_e methodology proved to bg a
great alternative for reducing the number of tests, allowing

The authors would like to acknowledge Conselhthe optimization of the phenol extraction process with
Nacional de Desenvolvimento Cientific@ecnoldgico reduced number of experiments, promoting reduction on
(CNPq), and Coordenacao Aperfeicoamento de Pes- cost and analysis time.
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