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In this study, effects of different solvents (ethanol, methanol and water) on bioactive performance of defatted grape 
seed powder (GSP) were investigated using simplex lattice mixture design approach. Also, multiple response optimi-
zation process was applied to determine the best solvent type for the high bioactive GSP extract production. For this 
purpose, the bioactive compound concentrations and their antioxidant and antiradical properties were characterized 
and the effect of solvent type on the processing variables was modelled. Total phenolic and flavonoid contents of 
GSP ranged between 0.31-7.29 mg GAE/g and 44.3-537.4 mg CE/kg sample respectively. In addition to that, DPPH 
and ABTS.+ radical scavenging activity of the samples were in the range of 2.11-80.5% and 0.31-4.08 μg Trolox/ g 
sample respectively. The effect of solvent type showed a significant effect on all studied bioactive parameters and the 
best solvent mixture was determined as ethanol (33.84%), methanol (20.17%) and water (45.99%) by the considering 
the all studied parameters.
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Introduction
Grape (Vitis vinifera L.) is an important fruit especially the 

most basic raw material for the wine industry and grape pom-
ace including the skin, seed, stalk etc., is the main processing 
waste of this fruit. The grape pomace is a reasonable and lu-
crative raw material for the cosmetic, pharmaceutical and food 
industries because it is rich in some important bioactive com-
pounds namely fatty acids, tocopherols, proanthocyanidins, 
sterols, etc. (Demirtaş et al., 2013, Barba et al., 2016). Grapes 
are one of the mostly cultivated fruits by an approximate annu-
al production of 58 million metric tons (FAO, 1997). Teixeira 
et al. (2014) reported that the grape seeds ratio in the whole 
pomace is 38-52% on a dry weight basis. In many researches, 
antioxidant, anti-inflammatory and antimicrobial characteris-
tics of grape seeds were reported (Oliveira et al., 2013; Sofi et 
al., 2016; Soto et al., 2015). Saito et al. (1998) reported that the 
grape seeds are rich in monomeric phenolic compounds such 
as catechin and epicatechin and these compounds are responsi-
ble for the antimutagenic and antiviral performance of the sam-

ple. Jayaprakasha et al. (2001) reported that the grape seed is 
accepted as a dietary supplement because of its health benefits 
of catechins and procyanidins. It was reported that the most of 
the bioactive compounds (approximately 75%) existed in the 
skin and seeds of the fruit (Pinelo et al., 2006). Due to these im-
portant biological properties of grape pomace especially seeds, 
there is an increased interest for the extraction of polyphenols 
to be used as an antioxidant instead of synthetic antioxidants 
in foods because of the possible undesirable effects on human 
health (Jayaprakasha et al., 2003). Bioactivity of grape seed 
powder (GSP) or another food material is affected by some 
processing factors such as solid/liquid ratio, extraction time, 
temperature, type and also extraction solvent. The solvent used 
for the extraction of polyphenols has a significant effect on the 
extraction yield and also the final product bioactivity. Many 
solvents such as methanol, ethanol, acetone, diethyl ether, eth-
yl acetate (Bonilla, Mayen, Merida, & Medina, 1999; Lafka, 
Sinanoglou, & Lazos, 2007), and their binary or ternary mix-
tures of  each other or combinations with distilled water have 
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been widely used for the extraction of phenolics (Lafka et al., 
2007). Downey and Hanlin (2010) reported that the tannins 
yield changed with the type of solvent (acetone or ethanol) or 
the percentage of water in the mixtures significantly. Similarly, 
Bosso et al. (2016) studied the effects of some solvents (wa-
ter, ethanol, acetone, ethyl acetate), as pure or in binary and 
ternary mixtures and they reported that the different solvents 
had different effects on the composition of condensed tannins 
in GSP extracts. Clearly, there are different studies aiming to 
determine the suitable solvent type for the extraction of food 
sample. 

The main aim of the current study was to determine the best 
solvent mixture for the extraction of grape seed powder (GSP). 
For this purpose, multiple response optimization technique 
was selected to see the simultaneous effect of solvent mixtures 
to compose the best solvent mixture to provide a highly yield-
ed GSP extract in terms of bioactivity. So, ethanol, methanol 
and water were the solvent used and simplex lattice mixture 
design was used for the optimization of processing variables.  

Material and Methods
Material
Grape seeds were provided from a local seller in Kayseri, 

Turkey. The seeds were ground using a grinder and exposed to 
oil extraction using n-hexane at the ratio of 1:2 sample/n-hex-
ane. The sample was mixed on the magnetic stirrer for 30 min 
and then n-hexane was removed from the residue in a fume 
hood. The residue was dried at room temperature for 2 hours 
and then the defatted GSP was used for further extraction stud-
ies.

Extraction of bioactive compounds from GSP
For the extraction of bioactive compounds from grape seed 

powder (GSP), three different solvents (ethanol, methanol and 
water) and their mixtures at different levels as shown in Table 
1 were used. To determine the best solvent or solvent mixture 
achieving high bioactivity, simplex lattice mixture design ap-
proach was used as shown in Table 1. A 1 g of the GSP sample 
was weighed and 30 mL of the solvent prepared according to 
the experimental design points (Table 1) was incorporated into 
the tubes and then the tubes were mixed by vortex for 1 min 
and then covered tightly and placed in a shaking water bath at 
25 ºC. The samples were extracted for 1 hour and then the sam-
ples were centrifuged at 9000 g at 5 ºC for 3 min. Finally, the 
supernatants were filtrated using a filter paper (0.45 µm) and 
then the extracts were subjected to further bioactive analysis.

Bioactivity tests for the GSP extracts
Determination of total phenolic content (TPC)
Total phenolic content analysis of the samples was deter-

mined according to the methodology described by Singleton 
and Rossi (1965) and Köprü et al. (2020). For this purpose, 200 
µL of extract was mixed with 1800 µL of distilled water. Then, 
1 mL of Folin Cioceltau reagent (1:10) was added and waited 
for 1 min. Finally, 2 mL of sodium carbonate (2% w/v) was 
added and the tubes were vortexed. At the end, the samples 
were incubated for 2 h at room temperature in dark conditions. 
After incubation, the absorbance of the samples was record-
ed at 765 nm using a UV-vis spectrophotometer (Shimazdu, 

Japan). Total phenolic content of the samples was calculated 
as mg gallic acid equivalent (mg GAE/g sample) and the mea-
surements were replicated with four repetitions.  

Determination of total flavonoid content (TFC)
The total amount of flavonoids in the samples was deter-

mined according to the methodology described by Zhishen et 
al. (1999). For this purpose, 500 μL of sample was mixed with 
2 mL of water and 150 μL of NaNO2 (5% w/v) was added to the 
samples. After 5 min, 150 μL of AlCl3 (10% w/v) was placed 
into the samples and they were incubated for 6 min and then 1 
mL of NaOH and 1.2 mL of water was added to complete the 
sample volume to 5 mL. After mixing with vortex, the samples 
were incubated for 10 minutes at room temperature and in dark 
environment and the absorbance values   of the samples were 
measured by UV-vis spectrophotometer (Shimadzu, Japan) at 
510 nm. Total flavonoids were calculated as mg CE (catechin 
equivalent) / kg sample using calibration curves prepared with 
catechin standard. The measurements were replicated with 
four repetitions.

Determination of condensed tannin (CT) level
Condensed tannin contents of the samples were performed 

by applying the method proposed by Sun et al. (2002). For 
this purpose, 1 ml of extract was mixed with 2.5 ml of vanillin 
(prepared with 1% methanol) and 2.5 ml of H2SO4 (prepared 
with 25% methanol) was added. Subsequently, the samples 
were incubated for 15 minutes in a water bath at 30 ºC and the 
absorbance values   were recorded at 500 nm by UV-vis spectro-
photometer (Shimadzu, Japan). The measurements were repli-
cated with four replicates.

Determination of antiradical activity 
DPPH radical scavenging activity
Antiradical activity of the samples was determined using 

DPPH as radical by the method of Köprü et al (2020). For this 
purpose, 100 µL of nondiluted extract was mixed with 3900 
µL of DPPH solution (0.2 mM in methanol). The mixture was 
vortexed well and the samples were incubated for 30 min at 
room temperature in dark conditions. At the end of the incu-
bation, the absorbances of the samples were recorded at 517 
nm using a UV-vis spectrophotometer (Shimadzu, Japan). An-
tiradical activity of the samples was calculated as % inhibition 
as following:

% Inhibition: [(Abscontrol-Abssample)/Abscontrol)]*100  
   (1)

ABTS.+ radical scavenging activity
ABTS.+ radical scavenging activity of the samples was 

determined by the method of  Wettasinge et al. (2002) and 
Mathew and Abraham (2006). At the beginning, 7 mmol 
ABTS.+ was dissolved in some amount of water and treated 
with 2.45 mmol potassium persulfate. The mixture was then 
allowed to stand at room temperature for 16 hours until a dark 
blue color appeared and was ready for analysis. This dark blue 
solution was diluted with buffer solution (pH 7.4) until the ab-
sorbance was 0.7 at 734 nm. Then, 2 ml of this diluted solu-
tion (ABTS˙+ solution) was mixed with 100 µl of the diluted 
sample extract in appropriate proportions (1:30) and after 6 
min incubation, the absorbance values   were measured at 734 
nm by UV-vis spectrophotometer (Shimadzu, Japan). The 
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reduction in ABTS˙+ radical cation was calculated in percent 
according to the following equation and the results are given 
as µg Trolox/g sample. All experiments were carried out in 4 
repetitions.

% Inhibition: [(Abscontrol-Abssample)/Abscontrol)]*100  
   (2)

Determination of antioxidant activity 
Iron chelating activity (ICA)
Iron chelating activities of the samples were determined by 

Rival et al. (2001) by making partial modifications. For this 
purpose, 1 mL of the sample extract diluted as 1:10 was taken 
and 3.7 mL of ethanol (95% v/v) was added. Then, 100 µl of 
FeCl2 was added to the samples and immediately after vor-
texing the samples 200 µ ferrozine (5 mM) was incorporated.  
The homogeneously mixed samples were allowed to incubate 
for 10 min at room temperature in the dark and the absorbance 
values   of the samples were measured by UV-vis spectropho-
tometer (Shimadzu, Japan) at 562 nm. Iron chelating activity 
values   of the samples were calculated as % inhibition using 
the following equation. All experiments were carried out in 2 
repetitions with 4 replicates.

% Inhibition: [(Abscontrol-Abssample)/Abscontrol)]*100  
   (3)

Antioxidant activity by phosphomolybdenum (AA)
Antioxidant activity values   of the samples were determined 

using the phosphomolybdenum method proposed by Prieto et 
al. (1999). In this context, firstly the test solution (0.6 M sul-
furic acid (30 mL), 28 mM sodium phosphate (28 mL) and 4 
mM ammonium molybdate 40 mL) was prepared freshly by 
combining, and then 0.4 mL sample was mixed with 4 mL test 
solution and the mixture was vortexed and the test tubes were 
allowed to incubate in a water bath at 95 °C for 90 min. At the 
end of the period, absorbance values   of the samples were mea-
sured by UV-vis spectrophotometer (Shimadzu, Japan) at 695 
nm. Results of antioxidant activity were given in mg ascorbic 
acid equivalent (mg AAE / kg) using calibration curves plotted 
with ascorbic acid standard. All experiments were carried out 
in 2 repetitions with 4 replicates.

Data modeling and optimization
Simplex lattice mixture design (SLMD) was used to de-

termine the effects of different solvents namely ethanol (X1), 
methanol (X2) and water (X3) on the bioactive performance of 
the grape seed powder extract. To determine the optimum sol-
vent type to produce high bioactive grape seed extract having 
high antiradical and antioxidant capacities, multiple response 
optimization process was followed. As is seen in Table 1, the 
component proportions were expressed as the fractions of the 
mixture with a sum (X1+X2+X3) of one. The following poly-
nomial equation of function xi was fitted for each factor as-
sessed at each experimental point. This polynomial model dif-
fers from full polynomial models because it does not contain a 
constant term (intercept equal to zero). This polynomial model 
equation was: 

Y = β1X1 + β2X2 + β3X3 + β12X1X2 + β13X1X3 + β23X2X3                                                      
(4)

where Y is the estimated response; β1, β2, β3, β12, β13 and β23 
are constant coefficients for each linear and nonlinear (inter-

action) term produced for the prediction models of processing 
components. The analysis was performed using uncoded units. 
Square root transformation was applied for the studied param-
eters except AA.

The computational works, mathematical modeling, prepar-
ing the ternary contour graphical presentations of the models, 
were performed using Design Expert statistical software. JMP 
statistical package software (Version 5.0.1.a, SAS Institute. 
Inc. Cary, NC) was used to compute the predicted equations. 
The correlations between the parameters were determined us-
ing XLSTAT for Windows. 

Results and Discussion
Bioactive compound levels of the samples
Table 2 shows the change in total phenolic content (TPC) of 

the samples according to the solvent used. As is seen, the low-
est TPC level was determined as 0.33 and 0.31 mg GAE/g for 
the sample prepared by only ethanol (runs 5 and 12) while the 
highest TPC (7.29 mg GAE/g) was determined for the sample 
extracted by using ethanol: water mixture (1:1). The change 
in the TPC content depending on the solvent used was statisti-
cally significant (p<0.05, Table 3). The ANOVA results for the 
studied parameters were tabulated in Table 3. As is seen, the 
model selected for TPC was found as significant (p<0.05) and 
the linear effects of the studied solvents (ethanol, methanol and 
water) were determined as to be significant (p<0.05). Only the 
interaction effects between the ethanol and methanol were not 
significant which means that the mixture of both two organic 
solvents was not effective on the extraction of bioactive com-
pounds. The fitted second order polynomial equation for total 
phenolic content is as follows:

YTPC=0.59X 1+2.17X 2+1.32X 3+0.69X 1X 2+6.81X 1X-
3+2.09X1X3

    (R2=0.982)
As could be seen from the equation, the fitting ability of the 

model is quite good due to high coefficient of determination 
(R2>0.980). The change in TPC depending on the solvent type 
was illustrated in Fig.1 as ternary plots. It was observed that 
TPC of the samples increased significantly (p<0.05) toward 
to the edge of ethanol:water mixture while the lowest values 
were determined in the vertex of the ethanol. It was conclud-
ed that the highest TPC levels could be obtained by using the 
organic solvent: water mixtures. Similar results were obtained 
by Mildner-Szkudlarz et al. (2010) for the winemaking waste 
extracts and they reported that the best solvent for the higher 
polyphenol extraction was ethanol:water. It is well known that 
the solvent power depends on its polarity which is related to its 
dielectric constant and the phenolic substance extractability is 
correlated by the degree of polarity (Bosso et al., 2016). 

Total flavonoid content (TFC) of the samples were given 
in Table 2 and it was determined that the TFC of the samples 
ranged between 44.3-537.4 mg CE/kg sample. The highest 
TFC was determined in the sample obtained by binary mixture 
of ethanol and water at the same proportion (1:1) while the 
lowest one was for the sample produced by using sole water as 
solvent (runs 2 and 15). The effect of solvent type was found 
as significant and also the model selected for the description 
of the TFC depending on the solvent type was significant 
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(p<0.05). The linear mixture of the solvents affected the TFC 
of the samples significantly also (p<0.05, Table 3). In addition 
to that, the interaction effect between the solvents of ethanol 
and water and methanol and water was significant (p<0.05, Ta-
ble 3). The change in TFC of the samples based on the solvent 
type was illustrated in Fig.1. As is seen clearly, TFC was the 
lowest in the vertex of the ethanol and water point and it in-
creased significantly towards to the middle edge of both these 
two solvents (ethanol and water) which means that the binary 
mixture of ethanol and water is the best solvent to extract the 
flavonoids from the grape seed powder. The fitted second order 
polynomial equation for total phenolic content is as follows 

YTFC=8.10X1+20.19X2+6.65X3+3.98X1X2+59.95X1X-
3+16.73X1X3

    (R2=0.982)
As could be seen from the equation, the fitting ability of 

the model is quite good due to high coefficient of determina-
tion (R2>0.980). Bosso et al., (2016) stated that the TFC of 
the grape seed was affected by the solvent type significantly 
(p<0.05) and they concluded that the highest TFC was in the 
sample extracted by 75% ethanol compared to sole ethanol or 
water and 50% acetone compared to sole acetone or water. 

As other bioactive compounds, condensed tannin (CT) 
presents in GSP ranged between 23.3-3346.6 mg CE/kg sam-
ple. The highest CT levels were determined for the samples 
extracted by only methanol (runs 6 and 9) while the lowest 
values were found for the sample treated with only the water 
(runs 2 and 15). As could seen from the Table 2, the differenc-
es between the samples were significant because there was a 
huge different between the lowest and highest values of CT 
levels depending on the extraction solvents (p<0.05). The lin-
ear mixture of the used solvents also affected the CT content 
of the samples and also the binary interactions except ethanol 
and methanol showed a significant effect on CT levels of the 
samples (p<0.05, Table 3). Fig 1 shows the change in CT con-
tent of the GSP samples depending on the solvent as ternary 
plots and it is clear from the figure that the highest CT levels 
were monitored in the samples extracted with only methanol 
because the highest CT levels placed towards to the vertex of 
the methanol while the lowest values were on the vertex of the 
ethanol and water. It could be said that the tannins in GSP are 
highly soluble in only methanol. To describe the effect of the 
processing variables on the CT level of the samples, the fitted 
second order polynomial equation for condensed tannin con-
tents is as follows: 

YCT=16.12X1+57.76X2+3.88X3+14.33X1X2+141.8X1X-
3+24.76X1X3

    (R2=0.967)
As is seen from the high determination coefficient, the fit-

ting ability of the samples is quite high.  Bosso et al. (2016) 
investigated the effect of different solvents on the condensed 
tannins of grape seed powder and they reported that the ace-
tone:water mixture was the best solvent compared to ethanol 
and ethyl acetate for the extraction of condensed tannins (pro-
anthocyanidins). In another study, Downey and Hanlin (2010) 
reported that the best solvent for the extraction of condensed 
tannins from grape skin was the binary mixture of the ace-
tone:water compared to ethanol:water. They also stated that the 
single solvents of ethanol and water were not effective on the 

extraction of tannins as similar to the current research results.    
Antiradical activities of the samples
Antiradical activities of GSP extract were determined by 

two different methods namely DPPH and ABTS.+ radical scav-
enging tests. As is known, the antiradical activity of extract or 
antioxidant substances is related to their ability hydrogen-do-
nating performance and DPPH or ABTS.+ radicals convert them 
a stable molecule by accepting an electron from the  extract or 
other antioxidant substances (Gulcin et al., 2004). So, the most 
of the bioactive compounds generally are donors of hydrogen 
atoms (H) and the radicals of DPPH capture the H atoms and 
convert to the neutral form (Savitri et al., 2019). DPPH results 
were given as % inhibition of DPPH radical and tabulated in 
Table 2 for all solvent types. The % inhibitions values were 
in the range of 2.11-80.5 for the samples and the lowest anti-
radical performance was recorded for the sample extracted by 
only sole ethanol (runs 5 and 12) while the highest was for the 
sample extracted by the binary mixture of ethanol and water 
at 1:1 ratio (run 7). The results showed that the differences 
among the DPPH radical scavenging activities were influenced 
by the solvent type (p<0.05). The ANOVA results showed that 
the linear mixture of the solvents showed a significant effect 
on the DPPH radical scavenging activities and also the binary 
mixtures of ethanol and water or methanol and water showed 
a significant effect on the antiradical performance. The select-
ed model was found as significant and constructed polynomial 
model to predict the antiradical activities of the sample showed 
a good fitting capacity with quite high coefficient of determi-
nation. The polynomial model for DPPH radical scavenging 
activity was given in the following;

YDPPH=1.70X1+7.06X2+3.17X3+4.35X1X2+24.66X1X-
3+9.76X1X3

    (R2=0.956)
The change in antiradical performance of the samples was 

illustrated as ternary plots in Fig.2. Antiradical activity of the 
samples decreased dramatically towards to the vertex of eth-
anol while it increased towards to the edge of ethanol: water 
mixture. It was seen that the antiradical activity of the samples 
determined by the inhibition of the DPPH radical was well cor-
related significantly with TPC and TFC with the correlation 
coefficients as 0.963 and 0.944, respectively (p<0.05).

The another test to evaluate the antiradical performance of 
the samples was ABTS.+ radical scavenging test. The ABTS.+ 
radical scavenging values of the samples were in the range 
of 0.31-4.08 µg Trolox/g sample. The highest ABTS.+ rad-
ical scavenging activity value was measured for the sample 
extracted by the binary mixture of ethanol and water and the 
lowest values were for the sample extracted by only sole eth-
anol. The linear effects of the solvents used were determined 
to be significant on the radical scavenging activity and also, 
the influence of the binary mixtures except ethanol and meth-
anol showed a significant effect on ABTS.+ radical scavenging 
activity. The selected model effect was also determined as sig-
nificant (p<0.05, Table 3). Fig. 2 shows the change in ABTS.+ 

radical scavenging activity of the samples depending on the 
extraction solvent as ternary plots. As is seen, the lowest val-
ues were placed on the vertex of ethanol and the antiradical 
activity increased significantly towards to the edge of ethanol 
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and water (p<0.05). The constructed polynomial model for the 
ABTS radical scavenging abilities showed a good fitting abili-
ty with high coefficient of determination as following;

YABTS
.+=0.65X1+1.62X2+1.03X3+0.44X1X2+4.91X1X-

3+2.20X1X3
    (R2=0.949)

The correlation analysis showed that there was a positive 
and significant correlation between DPPH and ABTS.+ radical 
scavenging test. And also, there was a significant and pos-
itive correlation between TPC and DPPH (r=0.964, p<0.05) 
and TPC and ABTS.+ (r=0.966, p<0.05). Baydar et al. (2007) 
reported that the grape seed extract produced by acetone:wa-
ter:acetic acid (90:9.5:0.5) mixture showed a strong DPPH 
radical scavenging activity compared to BHA and BHT syn-
thetic antioxidant substances and their antiradical performanc-
es is directly related to polyphenolic content. Guendez et al. 
(2005) investigated the low molecular weight of polyphenols 
in GSP extract and they reported that certain constituents of 
seeds are particularly responsible for strong antiradical effect. 
They found a lower correlation between the TPC and DPPH 
radical scavenging activity as r=0.649.

Antioxidant capacities of the samples
Antioxidant characteristics of the GSP extracts were eval-

uated by two important methods namely iron chelating ability 
(ICA) and antioxidant activity (AA) by phosphomolybdenum 
approach. Table 2 shows the ICA values ranged between 2.53-
87.80% and the lowest chelating activity was determined for 
the sample extracted by only ethanol (runs 5 and 12). The high-
est ICA values were determined for the samples extracted by 
the methanol. Similar to the other bioactive parameters, the 
differences among the ICA values depending on the solvent 
were significant (p<0.05). As could be seen from the Table 3, 
linear effects of the solvents were also showed a significant 
effect on the chelating ability values. Also, the interaction ef-
fects between the aqueous binary mixtures of the solvents were 
determined as significant. The change in the ICA values of the 
GSP extracts was illustrated in Fig. 3 as ternary plot and it 
is seen clearly from the figure that the ICA values increased 
towards to the methanol-water edge while the lowest values 
were recorded towards to the vertex of ethanol and water. The 
constructed polynomial model for the ICA values showed a 
good fitting ability with high coefficient of determination as 
following;

Y ICA=2.18X 1+9.04X 2+6.56X 3+6.62X 1X 2+8.89X 1X-
3+5.00X1X3

    (R2=0.882)
To evaluate the antioxidant performance of the samples, 

the samples were exposed to phosphomolybdenum assay. The 
results of the AA values were given in Table 2 and as it is seen, 
the lowest AA value was determined as 3.65 mg AAE/g for 
the sample extracted by sole ethanol similar to ICA values. 
The highest AA value (14.77 mg AAE/g) was recorded for the 
sample extracted by the binary mixtures of methanol and wa-
ter. Antioxidant activity determined by phosphomolybdenum 
approach was affected by the solvent type significantly similar 
to the other bioactive parameters (p<0.05). As could be seen 
in Table 3, the selected model was found as significant and the 
processing variables showed a significant effect on the studied 
parameter (p<0.05). The change in AA depending on the sol-

vent type was also showed in Fig.3 as ternary plots and it is 
clear from the figure that the AA values increased towards to 
the edge of ethanol:water or methanol:water while the lowest 
values were placed on the vertex of ethanol and then methanol 
(Fig.3). The constructed polynomial model for the AA values 
showed a good fitting ability with high coefficient of determi-
nation higher than 0.907 as following;

YAA=4.16X 1+9.13X 2+8.76X 3-2 .12X 1X 2+29.45X 1X-
3+20.57X1X3

    (R2=0.907)
Multiple response optimization to determine the best 

solvent mixture
The best solvent or solvent mixture was studied using 

the all characterized bioactive parameters and so, multiple 
response optimization was performed using the desirability 
functions. Optimization was conducted on squared values of 
real measurements because of calculating the ratio of max to 
min was higher than 10. Both minimization and maximization 
procedure were followed to calculate the limit values consider-
ing the all bioactive parameter values and the calculated results 
were tabulated in Table 4. Minimization process showed that 
the minimum values for the bioactive parameters would be at 
100% ethanol usage for the extraction of GSP (Fig.4). By using 
this solvent, TPC and TFC would be 0.59 mg GAE/g and 8.09 
mg CE/kg. Also, the lowest antiradical activities characterized 
by DPPH and ABTS.+ radical scavenging tests would be at 
1.71% and 0.65 μg Trolox/g sample, respectively. It was re-
sulted that the sole ethanol usage as a solvent in the extraction 
of bioactive compounds from defatted GSP is not suggested 
due to very low bioactivity. To suggest a good solvent system a 
maximization process was applied using desirability functions 
and the calculated results for the studied parameters were tab-
ulated in Table 4. As is seen from the Fig.4, the optimized sol-
vent mixture is not a sole organic solvent, on the contrary the 
ternary mixture of ethanol (33.84%), methanol (20.17%) and 
water (45.99%) is suggested. Using that solvent mixture, the 
maximum TPC and TFC would be 2.54 mg GAE/g and 21.02 
mg CE/kg sample, respectively. Also, the maximum antioxi-
dant parameter values would be 8.92% and 13.59 mg AA/kg 
for ICA and AA, respectively. Desirability function values for 
both process were also acceptable. It was concluded that by the 
multiple response optimization for more than one parameter 
having important effect on the sample bioactivity showed good 
optimization result. So, by the determination of good solvent 
mixture determined by multiple response optimization, a GSP 
extract having bioactivity could be produced. 

Conclusions
Grape seed is a food waste of winemaking industry but re-

cently its powder form can be evaluated as a functional food 
matrix due to its good bioactive properties. It is rich in many 
phytochemical compounds and shows good antioxidant, anti-
radical and also antimicrobial activities. To produce an extract 
from GSP, selection of correct solvent or solvent mixture has a 
critical role because the extract yield and its bioactivity are af-
fected from the solvent polarity. In this study, an optimized ter-
nary solvent mixture was suggested to provide a high bioactive 
GSP extract. In this regard, the highest bioactivity based on 
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the concentrations of the total bioactive compounds and their 
antiradical and antioxidant activities, could be obtained by the 
solvents of ethanol, water and methanol at the determined ra-

tios using multiple response optimization process. The results 
of the current work could be evaluated by the industries which 
process the GSP extracts.

Table 1. Simplex lattice mixture design showing the solvent levels used for the extraction

Coded levels Uncoded levels
Runs X1 X2 X3 X1 X2 X3

1 0.50 0.50 0.00 50.0 50.0 0.0
2 0.00 0.00 1.00 0.0 0.0 100.0
3 0.50 0.50 0.00 50.0 50.0 0.0
4 0.33 0.33 0.33 33.3 33.3 33.3
5 1.00 0.00 0.00 100.0 0.0 0.0
6 0.00 1.00 0.00 0.0 100.0 0.0
7 0.50 0.00 0.50 50.0 0.0 50.0
8 0.17 0.67 0.17 16.7 66.6 16.7
9 0.00 1.00 0.00 0.0 100.0 0.0
10 0.67 0.17 0.17 66.6 16.7 16.7
11 0.50 0.00 0.50 50.0 0.0 50.0
12 1.00 0.00 0.00 100.0 0.0 0.0
13 0.00 0.50 0.50 0.0 50.0 50.0
14 0.17 0.17 0.67 16.7 16.7 66.6
15 0.00 0.00 1.00 0.0 0.0 100.0

X1: Ethanol, X2: Methanol, X3: Water

Table 2. Bioactive performance of the defatted grape seed powder

Runs
TPC 

(mg GAE/g)
TFC 

(mg CE/kg)
CT 

(mg CE/kg)
DPPH
 (%)

ABTS.+

(μg Trolox/g)
ICA 
(%)

AA 
(mg AA/g)

1 2.23 217.4 1558.0 30.01 1.33 39.88 5.39
2 1.82 44.3 25.0 14.11 0.93 47.74 9.28
3 2.33 234.4 1526.7 27.96 1.39 48.24 5.73
4 5.38 365.8 1699.5 64.40 3.94 78.76 12.67
5 0.33 62.0 211.3 2.11 0.31 2.53 3.65
6 4.58 387.1 3163.8 48.17 2.77 83.04 9.45
7 6.88 492.4 2093.5 80.50 4.08 35.60 14.00
8 5.81 451.6 3002.8 58.67 3.21 77.91 11.79
9 4.61 408.3 3346.6 51.19 2.56 87.80 8.63
10 4.26 338.7 2140.0 55.00 3.43 67.59 11.92
11 7.29 537.4 2130.2 71.20 4.00 33.37 13.70
12 0.31 63.3 239.2 2.37 0.43 5.55 3.86
13 5.31 328.3 1508.0 66.60 3.50 71.18 14.77
14 4.72 272.8 786.9 39.64 3.02 68.94 10.72
15 1.85 49.3 23.3 8.63 1.35 41.62 9.23

TPC: Total phenolic content, TFC: Total flavonoid content, CT: Condensed tannin, ICA: Iron chelating activity, DPPH: 2,2-di-
phenyl-1-picrylhydrazyl radical scavenging activity, ABTS·+: 2,2-Azinobis (3-ethylbenzthiazoline-6-sulphonic acid) radical 
scavenging activity, AA: Antioxidant activity 
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Table 3. ANOVA results showing the significance of the studied solvent effect on the bioactive parameters

Source df TPC TFC CT DPPH ABTS.+ ICA AA 

Model 5 96.02* 100.9* 53.97* 38.92* 33.74* 13.53* 17.45*

Linear mixture 2 61.80* 55.87* 74.42* 20.72* 16.22* 27.44* 14.42*

X1X2 1 3.39 1.63 1.20 4.18 0.94 4.14 0.22

X1X3 1 330.5* 369.3* 117.6* 134.6* 117.7* 7.45* 42.12*

X2X3 1 21.95* 20.33* 2.53* 14.98* 16.67* 1.67* 14.52*

Residual 9

Lack of Fit 4 23.92* 10.68 94.36* 7.89* 6.88 16.0 46.3*

Pure Error 5

Cor Total 14

R2 0.982 0.982 0.967 0.956 0.949 0.882 0.907

Adj R2 0.971 0.973 0.950 0.931 0.921 0.817 0.855
f X1: Ethanol, X2:Methanol, X3:Water , TPC: Total phenolic content, TFC: Total flavonoid content, CT: Condensed tannin content, 
ICA: Iron chelating activity, ABTS·+: 2,2-Azinobis (3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging activity, DPPH: 
2,2-diphenyl-1-picrylhydrazyl radical scavenging activity, AA: Antioxidant activity (mg AA/kg) *p<0.05

Table 4. Multiple response optimization values for the extraction of defatted grape seed powder

Minimization process Maximization process

Response parameters
X1 X2 X3 Desirability X1 X2 X3 Desirability

100 0 0 33.84 20.17 45.99

TPC (mg GAE/g) 0.59

0.921

2.54

0.898

TFC (mg CE/kg) 8.09 21.02

CT (mg CE/kg) 16.12 44.37

ICA (% Inh.) 2.24 8.92

DPPH (% Inh.) 1.71 8.50

ABTS·+ (μg Trolox/g) 0.65 2.01

AA (mg AA/kg) 4.16 13.59
f X1: Ethanol, X2:Methanol, X3:Water , TPC: Total phenolic content, TFC: Total flavonoid content, CT: Condensed tannin content, 
ICA: Iron chelating activity, ABTS·+: 2,2-Azinobis (3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging activity, DPPH: 
2,2-diphenyl-1-picrylhydrazyl radical scavenging activity, AA: Antioxidant activity (mg AA/kg). Square root transformation 
was applied for the studied parameters except AA.
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Figure. 1 Ternary contour plots showing the change in total phenolic content (TPC), total flavonoid content (TFC) and con-
densed tannin (CT) levels of defatted grape seed powder
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Figure 2. Ternary contour plots showing the change in DPPH radical scavenging activity and ABTS.+ radical scavenging activi-
ty of defatted grape seed powder
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Figure 3. Ternary contour plots showing the change in iron chelating activity (ICA) and antioxidant activity (AA) of defatted 
grape seed powder
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Figure 4. Ternary contour plots showing the desirability function values for the maximum and minimum response values ac-
cording to the solvent mixture types. Maximum values at the right ternary plots and minimum values at the left ternary plots.

Compliance with Ethical Standards
Conflict of interest
The author declared no potential conflicts of interest with res-
pect to the research, authorship, and/or publication of this ar-
ticle.

Author contribution
The author read and approved the final manuscript. The author 
verifies that the Text, Figures, and Tables are original and that 
they have not been published before.

Ethical approval
Not applicable.

Funding
No financial support was received for this study. 

Data availability
Not applicable.

Consent for publication 
Not applicable.

References
Barba, F. J., Zhu, Z., Koubaa, M., Sant’ana, A. S. (2016). 

Green alternative methods for the extraction of anti-
oxidant bioactive compounds from winery wastes and 
byproducts. Trends Food Science and Technology, 49, 
96– 109. [CrossRef]

Baydar, N. G., Özkan, G., Yaşar, S. (2007). Evaluation of 
the antiradical and antioxidant potential of grape ex-
tracts. Food Control, 18(9), 1131-1136. [CrossRef]

Bonilla, F., Mayen, M., Merida, J., Medina, M. (1999). Ex-

traction of phenolic compounds from red grape marc 
for use as food lipid antioxidants. Food Chemistry, 66, 
209–215. [CrossRef]

Bosso, A., Guaita, M., Petrozziello, M. (2016). Influence of 
solvents on the composition of condensed tannins in 
grape pomace seed extracts. Food Chemistry, 207, 162-
169. [CrossRef]

Demirtaş, İ., Pelvan, E., Özdemir, İ. S., Alasalvar, C., Ertaş, 
E. (2013) Lipid characteristics and phenolics of native 
grape seed oils grown in Turkey. European Journal of 
Lipid Science and Technology, 115, 641–647. [Cross-
Ref]

Downey, M. O., & Hanlin, R. L. (2010). Comparison of eth-
anol and acetone mixtures for extraction of condensed 
tannin from grape skin. South African Journal of Enol-
ogy and Viticulture, 31(2), 154-159.

FAO Production Year Book (1997).FAO statistics No. 51. 
Rome: Food and Agriculture Organization of the Unit-
ed Nations

Guendez, R., Kallithraka, S., Makris, D. P. Kefalas, P. (2005). 
Determination of low molecular weight polyphenolic 
constituents in grape (Vitis vinifera sp.) seed extracts: 
Correlation with antiradical activity. Food Chemistry, 
89(1), 1-9.  [CrossRef]

Gülçin, İ.,  Şat, İ.G.,  Beydemir, Ş.,  Elmastaş, M.,  Küfreviog-
lu, Ö.İ. (2004). Comparison of antioxidant   activity   of   
clove   (Eugenia   caryophylata Thunb) buds   and   lav-
ender (Lavandula stoechas L.). Food Chemistry, 8(3), 
393-400. [CrossRef]

Köprü, S., Uslu, R., Karaman, K., Yilmaz, M. M., Kaplan, 
M. (2020). Optimization of processing parameters for 
the preparation of clove (Syzygium aromaticum) hy-
droalcoholic extract: A response surface methodolo-



Kevser Karaman DOI: https://doi.org/10.31015/jaefs.2020.1.10

100

gy approach to characterize the biofunctional perfor-
mance. Journal of Applied Research on Medicinal and 
Aromatic Plants, 116,100236. [CrossRef]

Jayaprakasha, G. K., Singh, R. P. Sakariah, K. K. (2001). Anti-
oxidant activity of grape seed (Vitis vinifera) extracts on 
peroxidation models in vitro. Food Chemistry, 73(3), 
285-290. [CrossRef]

Jayaprakasha, G. K., Selvi, T., Sakariah, K. K. (2003). Antibac-
terial and antioxidant activities of grape seed extracts. 
Food Research International 36, 117–122. [CrossRef]

Lafka, T. I., Sinanoglou, V., Lazos, E. S. (2007). On the ex-
traction and antioxidant activity of phenolic compounds 
from winery wastes. Food Chemistry, 104, 1206–1214. 
[CrossRef]

Mathew, S. and Abraham, T.E., 2006. Studies on the antioxi-
dant activities of cinnamon (Cinnamomum verum) bark 
extracts, through various in vitro models, Food Chem-
istry, 94, 520-528. [CrossRef]

Mildner-Szkudlarz, S., Zawirska-Wojtasiak, R., Goslinski, M. 
(2010). Phenolic compounds from winemaking waste 
and its antioxidant activity towards oxidation of rape-
seed oil. International Journal of Food Science and 
Technology, 45, 2272–2280. [CrossRef]

Oliveira, D. A., Salvador, A. A., Smânia, A., Smânia, E. F., 
Maraschin, M., Ferreira, S. R., (2013) Antimicrobial 
activity and composition profile of grape (Vitis vinifera) 
pomace extracts obtained by supercritical fluids. Jour-
nal of Biotechnology, 164(3), 423–432. [CrossRef]

Pinelo, M., Arnous, A., Meyer, A. S. (2006). Upgrading of 
grape skins: Significance of plant cell-wall structur-
al components and extraction techniques for phenol 
release. Trends in Food Science and Technology, 17, 
579–590. [CrossRef]

Prieto, P., Pineda, M., Aguilar, M. (1999). Spectrophotometric 
quantitation of antioxidant capacity through the forma-
tion of a phosphomolybdenum complex: specific ap-
plication to the determination of vitamin E. Analytical 
Biochemistry, 269(2), 337-341. [CrossRef]

Rival, S.G., Boeriu, C.G., Wichers, H.J. (2001). Caseins and 
casein hydrolysates antioxidative properties and rele-
vance to lipoxygenase inhibition. Journal of Agricultur-
al and Food Chemistry, 49, 295-302. [CrossRef]

Saito, Makoto., Hosoyama, Hiroshi., Ariga, Toshiaki., Kata-

oka,Shiehiro., Yamaji, Nobuyuki. (1998). Antiulcer 
activity of grape seed extract and procyanidins. Jour-
nal of Agriculture and Food Chemistry, 46, 1460-1464. 
[CrossRef]

Savitri, E. S., Holil, K., Resmisari, R. S., Syarifah, U., Mun-
awaroh, S. (2019). Effect of extraction solvent on total 
phenol, total flavonoid content and antioxidant activi-
ties of extract plants Punica granatum, Vitis vinifera L, 
Ficus carica L. and Olea europea. In AIP Conference 
Proceedings (Vol. 2120, No. 1, p. 030034). AIP Pub-
lishing.

Singleton, V. L., Rossi, J. A. (1965). Colorimetry of total phe-
nolics with phosphomolybdic-phosphotungstic acid re-
agents. American Journal of Enology and Viticulture, 
16(3), 144-158. [CrossRef]

Sun, J., Chu, Y., Wu, X., Liu, R.H. (2002). Antioxidant and 
Antiproliferative activities of common fruits. Journal 
of Agriculture and Food Chemistry, 50, 7449–7454. 
[CrossRef]

Sofi, F. R., Raju, C. V., Lakshmisha, I. P., Singh, R. R. (2016). 
Antioxidant and antimicrobial properties of grape and 
papaya seed extracts and their application on the pres-
ervation of Indian mackerel (Rastrelliger kanagurta) 
during ice storage. Journal of Food Science and Tech-
nology, 53(1), 104– 117 [CrossRef]

Soto, M. L., Falqué, E., Domínguez, H. (2015). Relevance of 
natural phenolics from grape and derivative products in 
the formulation of cosmetics. Cosmetics 2(3), 259–276 
[CrossRef]

Teixeira, A., Baenas, N., Dominguez-Perles, R., Barros, A., 
Rosa, E., Moreno, D. A., Garcia-Viguera, C. (2014). 
Natural bioactive compounds from winery byproducts 
as health promoters. International Journal of Molecular 
Science, 15, 15638–15678. [CrossRef]

Wettasinghe, M., Bolling, B., Pihak, L., Xiao, H., Parkin, K. 
(2002). Phase II enzyme-inducing and antioxidant ac-
tivities of beetrot (Beta vulgaris L.) extracts from phe-
notypes of different pigmentation. Journal of Agricul-
tural and Food Chemistry, 50, 6704-6709. [CrossRef]

Zhishen J., Mengcheng, T., Jianming, W. (1999). The determi-
nation of flavonoid contents in mulberry and their scav-
enging effects on superoxide radicals. Food Chemistry, 
64(4), 555-559.  [CrossRef]

https://doi.org/10.31015/jaefs.2020.1.10

