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ABSTRACT

The aim of this study was to optimize the extraction of antioxidant compounds from guarana and grape
pomace using the response surface methodology. A rotatable central composite design was performed
to evaluate the extraction efficiency of antioxidants by water-organic solvent mixtures, using two
independent variables: water (20-80%) and the acetone:methanol ratio within the organic fraction (0-
100%). Extracts were analyzed for total phenolics, procyanidins and oxygen radical absorbance
capacity. The multiple regression analysis and significance test (p<0.05) were realized using the
Statistica. The highest total phenolic value from guarana (112.22) was detected at acetone:methanol
ratios higher than 70%. Likewise, extraction efficiency of proantocyanidins was optimum (79.41) at
higher acetone:methanol ratios, but with lower water percentages in the solvent composition (<29%).
The water percentage must be above 80% to give maximum response (4518.79) for ORAC. The
optimized conditions that maximized the yields of TP and PC were: water 20% and acetone:methanol
ratio 70%, translating into a solvent mixture composed of water:acetone:methanol 20:56:24 (v:v:v). The
maximum value of TP from grape pomace (25.36) was detected at acetone:methanol ratios higher than
50% and water percentage lower than 29%. The highest PC value (23.74) was detected at lower water
percentages in the solvent composition (<20%). The extracts with maximum ORAC (1493.76) were those
resulting from high water percentages and acetone:methanol ratios: 80% and 70%, respectively. The
optimized conditions that maximized the yields of TP and PC from grape pomarce were: water 20% and
acetone:methanol ratio 50%, translating into a solvent mixture composed of water:acetone:methanol
20:40:40 (v:v:v)
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INTRODUCTION

Antioxidants are substances that, at low concentrations
relative to the substrate, are capable of inhibiting or
retarding the oxidation of that substrate (Halliwell and
Gutteridge, 1995). As the food industry and the consumer
are more keen on choosing natural antioxidants over the
artificial counterparts, there is a crescent demand for
antioxidant-rich natural extracts. Antioxidants are also
regarded as effective in reducing the oxidative stress,
which is associated with an increased risk of many
chronic diseases (Edwards et al., 2005). Thus, there is a

demand for an accurate assay of antioxidant compounds
and most methods require the analyte to be extracted
from the food matrix. The development of an efficient
extraction method is also an important step at industrial
levels, where high yields with minimal solvent usage are
desired.

In this study the focus on two sources of
antioxidants: guarana (Paullinia cupana) and grape juice
pomace, obtained from grape juice processing and dried
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Table 1. Codified levels and the corresponding percentages of water and acetone/methanol in the solvent mixtures

Independent variables -1.41 -1 0 +1 +1.41
water (%) 20 29 50 71 80
% acetone/methanol 0 15 50 85 100

by a process previously developed by group (Brazilian
patent pending P10801101-0-A2).

Guarana (Paullinia cupana) is a low-growing bush-
type plant, native to Brazilian whose seeds are the richest
vegetable source of caffeine (Mehr et al., 1996; Weckerle
et al, 2003). The seeds also contain theophylline,
theobromine, xanthine derivatives, catechins and tannins,
which are compounds known for their antioxidant activity
in vitro and associated to a number of beneficial effects
on human health, (Bruneton, 1999; Henman, 1982;
Seidemann, 1998; Hall; Cuppett, 1997).

The production of grape juice generates large
amounts of pomace, which is considered by winery
industry as a residual product (Valduga et al., 2008).
However, this byproduct still contains considerable
amounts of phenolic compounds that have an important
antioxidant activity (Rockenbach et al., 2008). Besides,
the use of grape pomace can contribute to reducing the
environmental impact of its disposal, as the residue
corresponds to approximately 20% of grapes weight
(Cruz et al, 2010). Due to their claimed antioxidant
activity (Soares et al., 2008), anti-inflammatory (Castilla
et al., 2006) and anticarcinogenic (Abe et al., 2007)
properties, the potential health effects of anthocyanin-rich
foods and beverages such as wine and grape juice have
been extensively studied.

Response surface methodology (RSM) is a collection
of mathematical and statistical techniques for empirical
model building. By careful design of experiments, it is
possible to optimize the extraction process (input
variables) so that analytical results (output variable, such
as in vitro antioxidant activity and concentration of
phytochemicals) truly reflect the amounts found in the
food matrix. The solubility and extractability of phenolic
compounds in food matrices depends on solvent polarity,
the nature of the polyphenols (e.g. logP, degree of
polymerization), the composition of the food matrix and
the interactions between the compound and food matrix.
Moreover, polyphenols are very reactive substances and
susceptible to the action of enzymes. This fact explains
the lack of a universal procedure and points to the need
for careful selection and individual extraction method for
each source of natural antioxidant (King; Young, 1999;
Agnelo; Jorge, 2007). Although it is common to find
recommendations of stepwise use of hydrophilic to
lipophilic solvents to maximize extraction of constituents
of varied chemical structures (Naczk, Shahidi, 2004), our
experiments (Antunes, 2011) have shown that similar
extraction yields of polyphenols from guarana seeds
could be achieved with the use of repeated extractions
with solvent mixtures.

The aim of this study was to optimize solvent
mixtures for the extraction of antioxidant compounds from
guarana and grape pomace using the response surface
methodology. The method implies in a reduced number
of experimental runs compared to the full factorial design,
and allows solvent optimization for each sample at the
laboratory level.

MATERIALS AND METHODS
Materials

Guarana powder (Paullinia cupana) was a gift from
Guaranapis Company, that is the largest producer of
guarana in Brazil. The dry grape pomace was from Vitis
labrusca var. lzabel, 2008/2009 crop (patent BR n.
018080016620 P10801101-0-A2.)

Methods

The central composite rotational design (CCRD) was
performed to evaluate the effect of solvent mixtures
containing water, acetone and/or methanol on the
extraction efficiency of antioxidants. The independent
variables were: water content (20-80%) and the
acetone:methanol ratio within the organic fraction (O-
100%). Each variable was studied in five different levels
(Table 1) and significant effects were assessed by using
the response surface methodology. Solvent mixtures for
each run were a combination of water and
acetone/methanol, as described in Table 2. For example,
the solvent for run number 1 was prepared by mixing
acetone with methanol at 15:85 (viv) then water was
added at the proportion of 29:71 (viv), generating a
solvent mixture composed of water;acetone:methanol at
29:10.65:60.35 (v:viv).

For each experimental run, 500 mg of guarana
powder or grape pomace was extracted four times with
20 mL of the corresponding solvent. Each extraction step
comprised of: homogenization (Ultra-turrax®),
centrifugation and collection of the supernatant. The four
supernatants were combined and adjusted to 100 mL.

The following dependent variables were analyzed:
(a) total phenolics (TP) by Folin-Ciocalteu method
(Singleton, Rossi, 1965), (b) total proanthocyanidins (PC)
by hydrolysis in butanol-HCI (Porter et al. 1986); (c)
antioxidant activity by ORAC (Oxygen Radical
Absorbance Capacity (Ou et al., 2001).
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Table 2. Central composite rotatable design of the solvent composition variables (water and acetone/methanol ratio) and
the experimental results for total phenolics (TP), proantocyanidins (PC) and ORAC in extracts from guarana powder and
grape pomace

Independent variables Guarana powder Grape pomace

Acetone/
Water Methanol
(coded (coded ORAC**
Run  values) values) TP* PC** * TP* PC** ORAC***
1 29 (-1) 15 (-1) 92.73 54.35 3933 15.86 15.64 1199
2 71 (+1) 15 (-1) 84.24 55.95 3971 10.02 9.37 1241
3 29 (-1) 85 (+1) 92.32 79.41 3454 25.36 23.74 807
4 71 (+1) 85 (+1) 95.42 49.81 4412 16.61 16.44 1473
5 20 (-1.41) 50 (0) 95.01 55.95 4038 20.68 19.05 988
6 80 (+1.41) 50 (0) 90.87 40.66 4519 13.79 10.94 1494
7 50 (0) 0 (-1.41) 88.56 46.88 3289 10.41 4.13 874
8 50 (0) 100 (+1.41) 112.22 62.35 3587 19.36 6.75 817
9 50 (0) 50 (0) 98.02 53.55 3255 18.60 6.57 733
10 50 (0) 50 (0) 98.52 54.88 3627 19.03 6.40 729
11 50 (0) 50(0) 98.22 53.64 3394 18.41 6.58 739
*TP= total phenolic (mg equivalent acid galic/g);
**PC= proantocyanidins totals (mg equivalent cyanidin chloride /g);
***ORAC= Oxigen Radical Absorbance Capacity (UM de equivalent trolox).
Table 3. Effects of the independent variables on total phenolics in guarana
Factor Effect Standard error  p R’*=0.75
Mean 98.27506 2.881445 0.000000
Water (L)’ -2.81523 3.534338 0.461849
Water (Q)~ -8.12227 4.217385 0.112077
Acetone/Methano' (L) 11 -06557 3-534338 0-025932
Acetone/Methanol (Q) -0.62768 4.217385 0.887503
Water x Acetone/Methanol 5.79500 4.990868 0.298008

(L)=linear; " (Q)= quadratic

The response surface methodology used a two-
factor and rotatable central composite design (CCD)
consisting of 11 experimental runs with three replicates at
the centre point. The design variables were the water
(20-80%) and the acetone:methanol ratio within the
organic fraction (0-100%). The generated runs are show
in the first 2 columns of Table 2. The effects of
unexplained variability in the observed response due to
extraneous factors were minimized by randomizing the
order of experiments. Multiple linear regression, variance
analysis (ANOVA) and significance test (p<0.05) were
realized using the Statistica version7.0 (StatSoft).

RESULTS AND DISCUSSION

Solvent composition widely influenced the extraction
efficiency of TP, PC and antioxidant compounds in
general (as measured by ORAC). TP in extracts from
guarana powders ranged from 84.24 to 112.22 mg
GAE/g, PC varied between low and high value 40.66 and
79.41 mg/EqQCL and ORAC between 3254.73 and
4518.79uMT (Table 2). For grape pomace, the TP ranged

from 10.02 to 25.36 mg GAE/g, PC between 4.13 and
23.74 mg/EqCL and ORAC between 729.25 and 1493.76
MMET. The guarana had higher values of TP and PT
compared to grape pomace, which in turn had the highest
ORAC content.

Total Phenolics (TP)

The factors that had significant effect on the variable TP
guarana were: mean and acetone / methanol (linear)
which is shown in bold in Table 3. For grape pomace
factors were: mean, linear water, the variable acetone /
methanol linear and quadratic that is in bold in Table 4.
After eliminating the insignificant parameters, analysis of
variance (ANOVA) demonstrated the significance of the
regression and the residue at 95% confidence level using
the F test, as shown in Table5.

The maximum extraction of TP in guarana (112.22
mg GAE / g guarana) was achieved by any solvent with
acetone/methanol ratios greater than 70% as water did
not influence the TP yields(Figure 1a). In the case of
grape pomace, the maximum TP yield (25.36 mg GAE / g
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Table 4. Effects of the independent variables on total phenolics in grape pomace

Factor Effect Standard error p R?= 0.96
Mean 18.67636 0.643211 0.000001
Water (L) -6.09436 0.788954 0.000581
Water (Q) -0.98817 0.941427 0.341943
Acetone/Methanol(L) 7.19879 0.788954 0.000265
Acetone/Methanol(Q) -3.35223 0.941427 0.016201
Water x Acetone/Methanol -1.45500 1.114088 0.248405

()= linear; ” (Q)= quadractic

Table 5. Analysis of variance for the total phenolics in guarana and grape pomace

Guarana Grape Pomace
Calculated F value 28.24 79.23
Table F value 5.12 4.46
R® 0.75 0.95

Equation 95.10+5.53AM’

18.21-3.04W " +3.59AM -1.53AM(Q)

'AM= acetone/methanol linear;
W= water; AM(Q)= acetone/methanol quadratic

water

acetonemethandl

(b)

|

20 2 50 7 80

water

Figure 1. (a) Contour curve of total phenolic in relation to the water and acetone/methanol (a) guarana and (b) grape pomace.

Table 6. Effects of the independent variables on proantocyanidins in guarana.

Factors Effect Standard error  p R?=0.84
Mean 53.9899 3.148155 0.000012
Water (L) -12.4267 3.861481 0.023515
Water (Q) -1.4762 4.607752 0.761647
Acetone/Methanol (L) 10.2136 3.861481 0.045701
Acetone/Methanol (Q) 4.8716 4.607752 0.338774
Water x Acetone/Methanol -15.6000 5.452830 0.035369

(L)= linear; ** (Q)= quadratic.
grape pomace) was achieved when the concentration of
water was less than 29% and the proportion of
acetone/methanol greater than 50% (v:v) (Figure 1b).
Proantocyanidins (PC)

The factors that have significant effect on the variable PT
guarana were: mean, water (linear), acetone/methanol

(linear) and interaction waterxacetone/methanol which is
in bold in Table 6. For grape pomace, factors that
significantly affected PC extraction were: mean, water
(quadratic), as shown in bold in Table 7.

After eliminating the insignificant parameters,
analysis of variance (ANOVA) demonstrated the
significance of the regression and the residue at 95%
confidence level using the F test, as shown in Table 8.
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Table 7. Effects of the independent variables on proantocyanidins in grape

pomace.
Factors Effect Standard error p R?=0.77
Mean 6.49264 2.447520 0.045277
Water (L) -6.26993 3.002092 0.091071
Water (Q) 11.60018 3.582277 0.022995
Acetone/Methanol(L) 4.73012 3.002092 0.175936
Acetone/Methanol(Q) 1.98799 3.582277 0.602838
Water x Acetone/Methanol -0.51500 4.239279 0.908040

*(L)= linear; ** (Q)= quadratic.

Table 8. Analysis of variance for the proantocyanidins in guarana and grape pomace

Guarana Grape pomace
Calculated F value 15.59 21.69
Table F value 4.46 5.12
R? 0.80 0.65
Equation 55.22-6,21A +5.10AM -7.80AAM ™~ 7.42+5.51A(Q)

‘A= water; “AM= acetone/methanol linear; AAM(Q)= water x acetone/methanol;

""A(Q)= water quadratic.

acetonemethanol

water

acetonemethanol

water

Figure 2. (a) Contour curve of proantocyanidins in relation to the water and acetone/methanol (a) guarana and (b) grape pomace

The maximum extraction of PC in guarana (79.41 mg
/ EqCL) can be seen in Figure 2a, which has a variable
water concentration of less than 29% and the proportion
of acetone/methanol should be greater than 70%. In the
case of grape pomace, the maximum extraction of PT
(23.74 mg / EqQCL) was achieved when the concentration
of water was less than 20% and the concentration of
acetone / methanol did not influence the extraction of PT
(Figure 2b).

ORAC

All tested factors exerted significant effect on ORAC
measured in guarana extracts, except for the variable

acetone/methanol (quadratic) (Table 9). In grape pomace
all factors had significant effects except for
acetone/methanol (linear and quadratic) (Table 10). The
significant factors are in bold in the tables guarana and
grape pomace.

After eliminating the insignificant parameters, analysis of
variance (ANOVA) demonstrated the significance of the
regression and the residue at 95% confidence level using
the F test, as shown in Table 11.

The maximum extraction of ORAC in guarana
(4518.79 uMT), as seen in Figure 3a, was observed
when the variable water was higher than 80% and the
concentration of acetone/methanol had no effect, as
observed for TP. In the case of grape pomace, the
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Table 9. Effects of the independent variables on ORAC in guarana.

Factors Effect Standard error p R?
Mean 3424.882 90.3567 0.000000 0.93
Water (L) 419.570 110.8302 0.012815

Water (Q)~ 899.832 132.2493 0.001044
Acetone/Methanol (L) 95.605 110.8302 0.427771
Acetone/Methanol (Q) 54.210 132.2493 0.698845

Water x Acetone/Methanol 459.740 156.5043 0.032348

*(L)= linear; ** (Q)= quadratic.

Table 10. Effects of the independent variables on ORAC in grape pomace

Fator Effect Standard error p R’
Mean 733.3150 49.67618 0.000026 0.95
Water (L)* 356.4374 60.93208 0.002067

Water (Q)** 578.6252 72.70783 0.000505
Acetone/Methanol(L) -59.9555 60.93208 0.370316
Acetone/Methanol(Q) 180.7327 72.70783 0.055450

Water x Acetone/Methanol 311.6800 86.04270 0.015181

*(L)= linear; ** (Q)= quadratic

Table 11. Analysis of variance for the ORAC in guarana e grape pomace

Guarana Grape pomace
Calculated F value 48.57 34.42
Table F value 4.46 4.46
R* 0.92 0.89
Equation G GP

G*=3450.26+209.78water + 442.01water quadratic + 229.87water X acetone/methanol
GP**=817.93+178.21water+262.98water quadratic+155.84water X acetone/methanol.

acetonemethanol

20 29 50 71 80
water

acetonemethanol

20 29 50 7 80

water

Figure 3. (a) Contour curve of ORAC in relation to the water and acetone/methanol (a) guarana and (b) grape pomace

maximum extraction of ORAC (1493.76 uMET) is
achieved when the water concentration was greater than
80% and the proportion of acetone/methanol greater than
70% (Figure 3b).

Analyzing the contour curve used for the guarana, it can
be concluded that there is no correlation between the
results of PC and ORAC. The optimized conditions for TP

and PC are the following: 20% water and
acetone/methanol proportion 70:30, translating this to the
mixture of solvent composition of water:acetone:methanol
(20:56:24, vwvuv). For the grape pomace, it can be
concluded that there is no correlation between the results
of TP and ORAC. The optimized conditions for TP and
PC are the following: water concentration 20% and



acetone/methanol proportion 50:50, translating this to the
mixture of solvent composition of water: acetone:
methanol (20:40:40; v:v:v).

CONCLUSION

The optimized conditions for guarana and grape pomace
were into a solvent mixture composed @ of
water:acetone:methanol 20:56:24 and 20:40:40 (viv:v),
respectively.
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