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ABSTRACT

In this study phenolic compounds extraction from grape byproducts was conducted using pure water as a solvent.
High temperatures and low time incubation periods were used in the aim of reducing the cost of the process and
heightening the phenolic compounds yield. Response surface methodology (RSM) was realized to study the effect
of time and temperature on crushed and uncrushed grape pomace. The phenolic content was evaluated consid-
ering the quantity (total phenolics (TPC), flavonoids (FC), total monomeric anthocyanins (TMA) and tannins
(TC)), and quality (antiradical activity (AA) and antioxidant capacity (AC)) of the extracts. High temperature
low time extraction design used in this study was compared to the extraction process at moderate temperatures
with relatively long periods of time. This was proved to ameliorate the quantitative extraction of phenolic com-
pounds from grape pomace without affecting their bioactivity. Moreover, multiple response optimization showed
the optimal extraction parameters to be 81°C and 140 minutes for the unmilled pomace samples, and 88°C and 5
minutes for the milled. TPC, FC, TMA, TC, AA and AC are almost the same for both optimums. Thus the possi-
bility of replacing the milling process by the extraction time prolongation (for the unmilled pomace) of 135 min-
utes seems to be very plausible. HPLC analysis showed different quantity and diversity of extracted phenolics for
the optimums. However this difference did not significantly affect the overall activity, showing that PC in the
different extracts act in complete synergy all together leading to important biological properties. The obtained
results using the extraction strategy adopted in this work could lead to several industrial applications.
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1. Introduction problems related to grape pomace disposal could emerge
when burying these byproducts since this could affect the
soil and the groundwater quality [8], the flora and fauna.
When used as fertilizers, they even might prevent ger-
mination properties [9]. Consequently, the valorization of
those byproducts reduces wastes and permits the purifi-
cation of added-value products [2,10,11]. The isolation
of food matrix retained compounds is commonly realized
*Corresponding author. in food industries by different extraction processes [12],

Arising from the winemaking process, grape byproducts
are attracting an increased interest by reason of commer-
cial motives and environmental concerns [1,2]. Grape
pomace is highly rich in health beneficial phenolic com-
pounds. These have several pharmaceutical and nutri-
tional applications [3-7]. At an environmental level,
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through the enhancement of the quantity and quality of
the desired component [9]. Many factors are likely to
affect an extraction process; therefore the optimization of
the process seems necessary. Response Surface Metho-
dology (RSM), firstly described by Box and Wilson in
1951 [13], is an efficient assemblage of statistical and
mathematical methods for the progress and optimization
of extraction processes [14]. This work comes to com-
plete our previous work conducted by Rajha et al. 2013
[15], in which the extraction of phenolic compounds
from grape byproducts was conducted at moderate tem-
peratures with relatively long incubation times. Here, the
solid liquid extraction of phenolic compounds from grape
byproducts was studied with aqueous solvent through
shortening the extraction time and heightening the incu-
bation temperature. The possibility of substituting mod-
erate temperatures with high temperatures at low dura-
tion, without affecting the quality of the extracts was the
major target of our study. Thus, we have determined the
extraction conditions capable of producing the same
yield and quality of phenolic compounds, avoiding the
highly energetic and costly milling process of the raw
material by using uncrushed grape pomace. This work
suggests an alternative low cost and environment friendly
industrial extraction method, giving up organic solvent
and milling process and shortening the extraction time.

2. Materials and Methods
2.1. Sample Preparation

The Cabernet Sauvignon grape byproducts were pro-
vided by chateau KSARA (Begaa Valley, Lebanon). On
arrival the raw material was stored at —20°C until utiliza-
tion. Defrosted at room temperature, the grape bypro-
ducts were either used unmilled or reduced to a particle
size of 2 mm. The aqueous phenolic compounds extrac-
tion process was done with a solid/liquid ratio of 1:4
(w/v). The fixed particle size and solid/liquid ratio were
chosen based on the work of Spigno et al. 2007 [16].
After the solid-liquid extraction process with the heated
solvent and under agitation, solids were separated by
filtration [17]. The dry matter content in the grape po-
mace was 67 + 0.9%.

2.2. Total Phenolic Compounds Determination
(TPC)

According to the Folin-Ciocalteu method previously de-
scribed by Slinkard and Singleton 1977 [18], an aliquot
of 10 pL of the sample solution was mixed with 100 pL
of commercial Folin-Ciocalteu reagent and 1580 uL of
water. After a brief incubation at room temperature (5
min), 300 puL of saturated sodium carbonate was added.
The color generated was read after 2 hr at room temper-
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ature at 760 nm using a UV-Vis spectrophotometer (UV-
9200, BioTECH Engineering Management, UK). The
correlation between the absorbance and gallic acid con-
centrations creates a calibration standard curve. The Phe-
nolic Compounds Concentration (PCC) of the samples
was expressed as gallic acid equivalent (mg/L). Phenolic
Compounds Yield (PCY) derived from these values was
given by transforming milligrams of Gallic Acid Equiv-
alent (GAE) per liter (mg GAE/L) into grams of GAE
per 100 g of grape dry matter (g GAE/100g DM).

2.3. Flavonoid Content (FC)

The indirect method of flavonoid determination was per-
formed as described by Ough and Amerine [19], through
the precipitation of those compounds by formaldehyde.
Five milliliters of aqueous solution of hydrochloric acid
1:4, and 5 mL of formaldehyde 37% were added to 10
mL of the sample. The sample was filtered after a 24
hour standstill period, and used for the non-flavonoid
content determination by Folin-Ciocalteu method. The
difference between the total phenolic and the non-fla-
vonoid contents results in the calculation of the flavonoid
content expressed as gallic acid equivalents (mg/L). Then
the Flavonoid Content yield (FC) was calculated by
transforming milligrams of Gallic Acid Equivalent (GAE)
per liter (mg GAE/L) into grams of GAE per 100 g of
grape dry matter (g GAE/100g DM).

2.4. Total Monomeric Anthocyanin
Determination (TMA)

Monomeric anthocyanins were measured by the pH-dif-
ferential method, which relies on the structural transfor-
mation of the anthocyanin chromophore as a function of
pH, which can be measured using optical spectroscopy
[20]. The appropriate dilutions of each sample were pre-
pared, once with potassium chloride buffer at 0.025 M
(pH 1.0) and the other with sodium acetate buffer at 0.4
M (pH 4.5). The dilutions were equilibrated for 15 min.
The absorbance of each dilution was measured at the
Avis-max @nd at 700 nm against a blank cell filled with dis-
tilled water. The absorbance (A) of the diluted sample
was calculated as follows: A = (Auismax — Azo0)pr1 —
(Auis-max — A700)pras. The monomeric anthocyanin pig-
ment (MAP) concentration in the original sample was
calculated using the following formula: MAP g1y = (A %
MW x DF x 1000)/(molA x L). MW and molA are the
molecular weight and the molar absorptivity, respectively
of the pigment cyanidin-3-glucoside used as reference;
MW = 449.2 g/mole and molA = 26,900 mg*-L™*-cm ™.
DF is the dilution factor used during the analysis. Milli-
grams of Monomeric Anthocyanin per liter of extract
(mg/L) were then transformed into Total Monomeric
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Anthocyanin yield (TMA) which is milligrams per 100
grams of grape dry matter (mg/100g DM).

2.5. Determination of Tannin Concentration
(TC)

Total tannin content (g/L) was determined according to
Ribérau-Gayon et al. 1998 [21]. 2 mL of 1:50 diluted
sample and 6 mL of 12 N HCI were mixed and heated in
a water bath for 30 min. Following the rapid cooling, 1
mL of ethanol was added to the mixture, and the result-
ing absorbance at 550 nm was measured.

2.6. Antioxidant and Antiradical Assays

2.6.1. Total Antioxidant Capacity (AC)

The total antioxidant activity of the extracts was deter-
mined by the phosphomolybdenum reduction assay [22].
The basic principle of the method is the formation of a
green phosphate Mo (V) complex at acidic pH. The ex-
tracts reduce Mo (VI) to Mo (V). Diluted extracts (500
mg/L) were mixed with the reagent solution (0.6 M sul-
furic acid, 28 mM sodium phosphate and 4 mM ammo-
nium molybdate). The samples were incubated at 90°C
for 90 minutes and the absorbance of the solution was
measured at 695 nm. The antioxidant activity is expre-
ssed as mg of Ascorbic Acid Equivalent per Liter (mg
AAE/L).

2.6.2. Antiradical Activity (AA)

According to Gyamfi et al. 1999 [23] and Kallithraka et
al. 2005 [24], the free radical scavenging activity was
measured by the capacity of the phenolic compounds
contained in the samples to reduce DPPH (2,2-diphenyl-
picrylhydrazyl), a stable free radical. The antiradical ac-
tivity of extracts was examined by comparison to those
of known antioxidants such as butylhydroxytoluene
(BHT) (a synthetic antioxidant) and resveratrol (a natural
antioxidant) by DPPH. 50 pL of diluted extracts or posi-
tive control (BHT and resveratrol) (50 upg/mL) were
added to 450 uL of Tris-HCI buffer solution (50 mM, pH
7.4). 1.5 mL of DPPH Solution (0.1 mM) were added to
the mixture. Absorbance at 517 nm was measured after
30 min of incubation at room temperature using pure
Methanol as a blank. The inhibition percentage of the
DPPH free radical is calculated as follows: Inhibition
Percentage = [(absorbance of negative control — absor-
bance of sample)/absorbance of negative control] x 100.
The free radical scavenging activity of Cabernet Sauvig-
non grape byproducts extracts was evaluated by the de-
crease in the peak area of the DPPH radical which exhi-
bits a deep purple color with maximum absorption at 517
nm. Antioxidant molecules can quench DPPH free radi-
cals, resulting in discoloration of DPPH because of their
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conversion into a colorless product.

2.7. Experimental Design

A rotatable central composite (22 + star) design was
created to evaluate the main impact of two factors in 12
runs. The effects of time and temperature on the extrac-
tion of TPC, FC, TC and TMA contents from powdered
grape pomace, so as on the bioactivity of the extracts
represented by the AA and AC were studied. The same
design was used for the extraction process from unmilled
and milled grape pomace. Temperature values varied
between 50°C and 90°C and time between 30 and 150
minutes. Time and temperature independent variables
were coded at five levels (—a, —1, 0, 1, @) resulting in an
experimental design of twelve experimental points in-
cluding four repetitions of the measurements at the center
of the experimental design. Considering two parameters
and a response, experimental data were fitted to obtain a
second-degree regression equation of the form:
Y = o+ BiT + Bot + fuoT-t+ fua T2 + foot?

where Y is the predicted response parameter, t is the ex-
traction time and T the temperature, /3, is the mean value
of response at the central point of the experiment; f; and
B are the linear coefficients, f1; and f,, the quadratic
coefficients and Sy, the interaction coefficient. Experi-
mental design and statistical treatment of the results were
performed using STATGRAPHICS Plus 4.0 for Win-
dows.

2.8. HPLC Analyses

Phenolic compounds analyses of the extracts prepared
from grape pomace were performed by high-performance
liquid chromatography (HPLC). Prior to analytical chro-
matography, samples and standards were purified by
filtration through 0.2 um syringe filters. A liquid chro-
matography-KNAUER apparatus coupled to a diode ar-
ray detector was employed. Analyses were performed on
a Spherisorb ODS-2 (5 mm, 250 * 4.6 mm) column, at a
flow rate of 1 mL-min™, using a 20 pL injection volume,
and detection at 280 nm and 320 nm. Eluent A was 2%
aqueous Formic acid and eluent B was composed of: 69%
Methanol (MeOH), 29% HPLC water and 2% Formic
acid. ldentification was based on comparing retention
times of the peaks detected with those of original com-
pounds, and on UV-Vis on-line spectral data. Quantifica-
tion was accomplished using the phenolic standards solu-
tions. Results were expressed as mg/mL of grape pomace
extracted volume [25].

3. Results and Discussion
3.1. Experimental Design

Response Surface Methodology (RSM) was used to de-
termine the adequate time and temperature for the opti-
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mization of TPC, FC, TMA, TC, AA and AC from
milled and unmilled grape pomace. For milled pomace,
TPC and FC ranged from 0.7 to 1.4 g GAE/100g DM,
TMA from 10.8 to 18.7 mg/100g DM, TC from 0.5 to
2.9 g/L, AA from 22.5 to 34.5%, and AC from 391.2 to
487.4 mg AAE/L. For unmilled pomace, TPC ranged
from 0.2 to 2 g GAE/100g DM, FC 0.2 to 1.9 g GAE/
100 g DM, TMA from 20.9 to 35.4 mg/100g DM, TC
from 0.7 to 3.3 g/L, AA from 25.6 to 38%, and AC from
290 to 613.2 mg AAE/L.

3.2. Experimental Modelization and Statistics

Statistical analyses showed that response values fit best
the second order polynomial equations. The coefficients
of regression R? were calculated by the analysis of the
predicted values obtained by the regression models. A
good agreement of the experimental results with the cor-
responding models is shown by satisfactory levels of
adequacy implying a reasonable correlation between ob-
served and predicted values (Table 1).

3.3. Effect of the Extraction Parameters on TPC
and FC

Response surface plots (Figures 1 and 2) give by their
shapes data about the effect of the experimental parame-
ters. For milled pomace, TPC (Figure 1(a)) and FC
(Figure 1(b)) increase with temperature increase to reach
their maximal yields at 98°C, while they decrease when
incubation time increases with a 5 minutes optimal value.
The phenolic compounds heat-induced extraction effi-

ciency has been reported by many authors to boost the
mass transfer, diminish the surface tension as well as the
viscosity and solubilize the solutes [26,27]. However the
oxidation/degradation of the extracted phenolics occurred
as well beyond a certain temperature limit as it was sug-
gested by different authors (ranging between 50°C and
60°C [16,28]). Hereby, we highlight the dependence of
the temperature to the duration of the extraction process,
thus emphasizing the coupled effect of time and temper-
ature. Concerning this specific issue literature reviews
contain several experimental conditions such as long
[9,17,29-31] or short extraction times [17,32,33]. Our
results show that it is possible to elevate the extraction
temperature if the extraction time is reduced. In other
terms, regarding the quantity, an important good TPC
(1.65 g GAE/100g DM) and FC (1.6 g GAE/100g DM)
content can be obtained by accelerating the aqueous ex-
traction process by heat. In concordance with our find-
ings, Sheng et al. 2013 optimized flavonoids extraction
from Flos Populi at 94.66°C [34]. The optimization of
aqueous phenolic compounds extraction from milled
grape pomace at moderate temperatures and relatively
long periods of time [15], was followed by the investiga-
tion of the potential capacity of transition to higher tem-
peratures and shorter periods of time in the aim of re-
ducing the overall cost of the process. The optimal con-
ditions maximizing TPC yield, previously found by Raj-
ha et al. 2013 in aqueous solution [15] were 47°C and 30
hours to obtain 0.7 g GAE/100g DM. Herein, we ob-
tained 1.65 g GAE/100g DM at 98°C after 5 minutes.
Hence, we doubled the quantity of TPC by doubling the

Table 1. Second order polynomial equations relating response variables to test variables for the unmilled and milled samples.
T is the milling time and t the temperature. R2 the coefficients of regression are shown for each equation.

Regression equations

TPC  TPC =2.49638 — 0.0529507t — 0.0202912T + 0.000321827* + 0.00001762T? + 0.000290734tT (R2 = 83.5%)

FC FC =2.47224 - 0.0531803t — 0.0200666T + 0.000325792t* + 0.0000176978T2 + 0.000285603tT (R2 = 83.2%)

Unmilled
samples

TMA  TMA =-40.409 + 1.51755t + 0.336676T — 0.0069981t> — 0.000455635T2 — 0.0041903tT (R2 = 91.5%)

TC TC =0.0456567 + 0.0383141t — 0.0198099T — 0.000265788t2 — 0.00000536955T2 + 0.000354383t T (R2 = 92%)

AA AA =12.3113 + 0.610053t + 0.130909T — 0.00513862t* — 0.000223949T2 — 0.000901667tT (R? = 96.7%)

AC AC =—834.409 + 35.8958t + 2.40927T — 0.240988t* — 0.00371678T2 — 0.0204657tT (R2 = 65.5%)

TPC  TPC=0.916804 — 0.0122503t — 0.000485086T + 0.000203125t + 0.000015625T2 — 0.0000416667tT (R? = 85.2%)

FC FC =0.916804 — 0.0122503t — 0.000485086T + 0.000203125t + 0.000015625T2 — 0.0000416667tT (R2 = 85.2%)

Milled
samples TC

TMA  TMA = 18.8827 — 0.077206t — 0.016321T + 0.00123438t* + 0.00047743T2 — 0.00133333tT (R? = 86%)

TC =—2.13786 + 0.0446507t + 0.026491T + 0.0000468751t> — 0.0000364582T2 — 0.000270833tT (R2 = 76.5%)

AA AA = 48.0791 — 0.274418t — 0.2022T + 0.000609375t° + 0.000859374T? + 0.0006875tT (R2 = 79%)

AC AC =377.083 + 3.05453t + 0.188267T — 0.0272187¢ + 0.00182291T? — 0.00545833tT (R2 = 87%)
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Figure 1. Phenolic compounds yield, flavonoid content, anthocyanin content, tannin content, antiradical activity and antioxi-
dant capacity surface plots for milled samples. The three-dimensional graphs were plotted between two independent va-

riables (time and temperature).

extraction temperature and reducing the duration of the
process by 360 times. For unmilled pomace, TPC
(Figure 2(a)) and FC (Figure 2(b)) increase with both
time and temperature to reach their maximal yields at
98°C during 175 minutes of incubation. The difference of
the parameters effect on both raw materials demonstrates
the importance of the particle size together with time and
temperature. The latter seems to increase molecular
movement and enhance the extraction process with both
milled and unmilled grape pomace. However, our results
showed that shorter time is needed when pomace is
milled in order to accelerate TPC and FC extractions.
Slinkard and Singleton [18] explain this phenomenon by

OPEN ACCESS

the increased accessibility to the superficial area of the
milled product, thus enhancing the mass transfer.

3.4. Effect of the Extraction Parameters on TMA

For milled and unmilled pomace, TMA (Figures 1(c)
and 2(c)) augments with temperature elevation to attain
its optimal yield at 98°C, at an optimal incubation time of
5 minutes. In contrastto this observation, Lapornik et al.
[30] showed a positive effect of time. This variation is
probably due to the lower temperature they adopted in
their study. Moreover, Jackman et al. 1987 [35] stated
temperature, as one of the main anthocyanins degrada-
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Figure 2. Phenolic compounds yield, flavonoid content, anthocyanin content, tannin content, antiradical activity and antioxi-
dant capacity surface plots for unmilled samples. The three-dimensional graphs were plotted between two independent va-

riables (time and temperature).

tion causes. In this work, degradation Kinetics was not
triggered by the use of a high temperature because of the
short exposure time. The temperature elevation has been
shown to diminish anthocyanin extraction time [28]. Par-
ticle size reduction showed no effect on TMA extraction
parameters but on the optimal anthocyanin yield which
was higher for the unmilled (41 mg/100g DM), rather
than milled pomace (22.5 mg/100g DM).

3.5. Effect of the Extraction Parameters on TC

For milled pomace, TC (Figure 1(d)) increases when
temperature increases and diminishes in function of time

OPEN ACCESS

to attain its optimal value (2.7 g/L) at 98°C after 5 mi-
nutes. For unmilled pomace, TC (Figure 2(d)) augments
with time and temperature elevation to attain its optimal
value (4 g/L) at 98°C after 175 minutes. In agreement
with our results, Connolly in 1993 [36] patented tannin
extraction from bark to be preferably done between 90
and 100°C. Particle size reduction accelerated the tannin
extraction from grape pomace, however and similarly to
TMA, the optimal tannin yield was higher for the un-
milled (4 g/L), rather than milled pomace (2.7 g/L). TPC,
FC and TC are simultaneously extracted from unmilled
pomace with the same optimal parameters, while for
milled pomace all the studied compounds were extracted
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at the same conditions.

3.6. Effect of the Extraction Parameters on AA
and AC

For milled pomace, AA (Figure 1(e)) diminishes when
time and temperature increase. The optimal AA is 36.8%
obtained at 42°C after 5 minutes incubation time. For
unmilled pomace, AA (Figure 2(e)) diminishes when
temperature increases but augments with time increase.
The optimal AA is 38.3% obtained at 44°C after 175
minutes. Unmilled pomace require higher extraction
times compared to milled pomace, to produce the same
AA. This could be related to the phenolic compounds
diversity and even quantity obtained from both unmilled
and milled pomace. In our previous study [15], we opti-
mized the AA from milled pomace and obtained 41.15%
at 30°C after 20 hours of aqueous solid liquid extraction.
Our new results show a gain of almost 20 hours by ele-
vating the temperature from 30°C to 42°C, without losing
a significant percentage of the AA. As for the AC, it di-
minishes when temperature increases but augments with
time increase for milled samples (Figure 1(f)). The op-
timal AC for milled pomace is found at 42°C after 175
minutes. Unmilled pomace extracts show an AC that
augments with temperature elevation up to 69°C (optimal
temperature) then diminishes (Figure 2(f)). The same
tendency is shown for time, the optimal value is 135 mi-
nutes. However unmilled pomace extracts also show a
slight insignificantly higher AC (562 mg AAE/L) than
milled pomace (506 mg AAE/L). For both milled and
unmilled extracts the optimizations of AA and AC gave
almost the same values of the responses at different time
and temperature combinations.

3.7. Multiple Response Optimization

The graphics of the outlines superposition (Figures 3 and
4) show by the black spots, the optimal experimental
parameters for the simultaneous optimization of all the
responses together (TPC, FC, TMA, TC, AA and AC),
for milled and unmilled pomace extracts respectively.
The optimal conditions maximizing TPC and AA, in our
previous work [15] were 37°C and 28 hours to obtain
0.52 g GAE/100g DM and 23% respectively. Herein, the
optimal extraction conditions obtained for milled pomace
were 88°C and 5 minutes to acquire a TPC and FC of 1.4
g GAE/100g DM, a TMA of 21 mg/100g DM, a TC of
2.2 g/L, an AA of 28% and an AC of 433 mg AAE/L. In
sum, we have succeeded through elevating the extraction
temperature from 37°C to 88°C, to lower the extraction
time from 28 hours to 5 minutes and to elevate by 2.7
times the TPC yield without affecting the bioactivity of
the extracts, in terms of antiradical and antioxidant activ-
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Figure 3. Desirability analysis. Superposition plots, showing
the best experimental parameters that maximize all the
responses for milled samples. The black spot shows the op-
timum for all the responses.
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Figure 4. Desirability analysis. Superposition plots, showing
the best experimental parameters that maximize all the
responses for unmilled samples. The black spot shows the
optimum for all the responses.

ities.

Unmilled pomace extraction optimization parameters
are: 81°C and 140 minutes, to obtain a TPC of 1.1 g
GAE/100g DM, a FC of 1 g GAE/100g DM, a TMA of
27.3 mg/100g DM, a TC of 2.5 g/L, an AA of 32% and
AC of 524 mg AAE/L. The difference between the re-
sponse values (TPC, FC, TMA, TC, AA and AC) for
milled and unmilled pomace extracts are almost not sig-
nificant.

We can therefore consider that to obtain the same
phenolic quantity and bioactivity of the milled and un-
milled pomace extracts, the primordial experimental pa-
rameter to vary is time for almost the same extraction
temperature.

3.8. HPLC Determination of Molecular
Distribution in Extract

HPLC analyses were done for both the optimums pre-
viously found for milled and unmilled pomace extracts in
order to study the possibility to substitute the milling
process by simply lengthening the extraction time.
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Figure 5. Phenolic content of the optimums determined by HPLC.

Figure 5 shows the concentration and diversity of the
phenolic compounds found at the optimal points for
milled and unmilled pomace extracts. In terms of diver-
sity, milled pomace extracts containted 11 different com-
pounds (Resveratrol, kaempferol, myricetol, rutin, cate-
chin, epigallocatechin, oenin, gallic, ferrulic, coumaric
and chlorogenic acids) while unmilled pomace extracts
had 12 (Kaempferol, myricetol, catechin, epigallocate-
chin, gallocatechin gallate, quercetin, gallic, ferrulic,
hydrobenzoic cinnamic, caffeic and chlorogenic acids).
The phenolic content of the extracts was different, each
contained several compounds at different quantities. In a
previous work [37], we showed that with the same ex-
traction method, solvent and raw material, HPLC chro-
matograms were different at different extraction temper-
atures. Herein, we show that extracting at the same tem-
perature, when using the same raw material, is not suffi-
cient to have the same phenolic diversity and quantity
even if the extracts have the same bioactivity and total
phenolic quantity. Phenolic diversity also depends on the
extraction time and particle size, which allow the extrac-
tion of certain compounds at the expense of others, or
simply enhances their availabiliy.

Despite the different HPLC prints for the optimum
parameters for milled and unmilled pomace the overall
bioactivity of the mixtures remained the same. Therefore
if we are looking for a better quality mixture indepen-
dently of a certain molecular targeting we can easily sub-
stitute the milled pomace with the unmilled one, by en-
hancing the extraction time.

4. Conclusion

This work permitted the enhancement of phenolic com-
pounds extraction from grape byproducts by elevating

OPEN ACCESS

the temperature of the aqueous solution used in the ex-
traction process, without affecting the bioactivity of the
extracts. Characterization through physiochemical and
HPLC analyses confirmed the possibility of substituting
the grape byproducts milling process by an unmilled one
especially when incubating the extracts for longer times
in aqueous solutions and at high temperatures.
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