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Abstract
The aim of this research was to optimize extraction condition of ultrasound-assisted extraction (UAE) of phenols from red grape Vranac variety (Vitis vinifera L.) pomace seeds. The minimum experiments needed as adequate responses for optimization of UAE by response surface methodology (RSM) were obtained by spectrophotometric and HPLC analyses of seed extracts. UAE greatly depends on three independent variables: extraction temperature, time and liquid/solid ratio. The RSM can be used for optimization of UAE conditions to obtain maximum responses such as extraction yield, TPC, (+)-catechin, (-)-epicatechin and proanthocyanidin content. The predicted values of model are in accordance with experimental data under same conditions. Experimental data also confirmed that UAE gives better yield of phenolics than conventional solvent extraction. The UAE under optimal extraction conditions is suitable for obtaining extracts that are rich in phenolic content and strong antioxidant activity which could be used as additives in food and medicaments.
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1. Introduction
Grapes are rich in phenol compounds, which are very important for human health as compounds with antioxidant, anti-cancer, anti-inflationary, antimicrobial activities.1-7 There are also studies on the beneficial effects of these compounds on the heart and other chronic diseases.8-11
In 2012 world vineyards reached a total area surface (which includes areas not yet in production or harvested) of 7,528,000 ha, global grape production of 69,200,000 tones and world wine production (excluding juice and musts) of 252,000,000 hL.12 Wine production generated significant quantities of waste. Processing of grapes into wine significant amount of phenolic compounds passes into wine. But also a certain amounts of these compounds remain in the pomace, especially from seeds due to the fact that their extraction is weaker than the other parts of the grape such as grape skins and pulp.  Phenolic content, composition and antioxidant activity of extracts from seeds of grape pomace and from whole pomace obtain by conventional solvent extraction have been well documented.3,13-16 This extraction technique requires long extraction time by using some quantity of organic solvents, usually on higher temperature. The long extraction time or higher temperature can have negative effects on the target components. They may cause the degradation of phenolic compounds. Several alternative techniques as ultrasonic waves, supercritical fluids or microwaves have been development to improve extraction yield and phenolic content for shorter time and less solvent requirement. The ultrasound assisted extraction is widely used in the extraction of natural products.17-21 There were many studies about optimization of the extraction process by either empiric or statistical methods. One of the most popular statistical methods which can be applied for optimization of extraction to maximize extraction yield and/or phenolic content of extracts is RSM - response surface methodology.19-25 But there were no research studies where beside extraction yield and/or phenolic content the optimization of extraction included other responses such as (+)-catechin, (-)-epicatechin and proanthocyanidin content.      
The object of this research was to optimize ultrasound-assisted extraction (UAE) by RSM to maximize extraction yield, total phenol content (TPC) and individual phenol content in extracts obtained from seeds of grape pomace. Also this technique was compared with conventional solvent extraction by estimated phenol composition and the radical scavenging activity of these extracts.
2. Materials and Methods
2.1. Chemicals 

HPLC-grade solvents were obtained from Merck (Darmstadt, Germany). The standards of investigated compounds and all other chemicals and reagents were supplied from Sigma Chemical Co. (St. Louis, MO). 
2.2. Samples 

The grape pomace of red grape variety Vranac (southern Serbia vineyard region) was taken from local winery immediately after vinification process. The grape seeds were separated manually from the rest of wine pomace. The seeds were washed, dried at 60 0C and crushed in a grinder for 2 min and then used for extractions. 
2.3. Conventional Solvent Extraction 

The seeds were weighted and extracted with solvent system of methanol/acetone/water/acetic acid (30/42/27.5/0.5) by stirring continuously at determined temperature in the dark for determined time and then centrifuged for 10 min at 2500 x g. The extract was evaporated to dryness under vacuum rotary evaporator and diluted in methanol to a concentration of 0.1 g/mL. 
2.4. Ultrasound-Assisted Extraction

 An ultrasound instrument (EI, Nis, Serbia) with a volume of 3 L, frequency of 40 kHz and input power of 500 W was used in the experiments. For all ultrasound-assisted extraction experiments, the same solvent system as for conventional solvent extraction was used. The suspension of sample with solvent system in determined liquid/solid ratio was irradiated for the predetermined extraction time and temperature. After treatment extracts were centrifuged for 10 min at 2500 x g and evaporated to dryness under vacuum rotary evaporator and diluted in methanol to a concentration of 0.1 g/mL. All extracts were filtered before analysis.

2.5. Yield Determination

The yield of extraction Y, expressed in percentage, was calculated from sample and extract dry weight (mS and mE, respectively) after removing solvent according to formula:

Y (%) = (mE / mS) x 100







(1)
2.6. Determination of Total Phenol Content (TPC)
TPC in selected extracts were spectrophotometrically determined5 by reading absorbance on 280 nm on an UV–Vis spectrophotometer (Agilent 8453 device, Agilent Technologies, Santa Clara, CA, USA). Results were expressed as mg of gallic acid equivalents (GAE) /g of extract dry matter (DM).
2.7. Determination of Flavan-3-Ol Monomers and Proanthocyanidins

Phenol composition of selected extracts was analyzed by reverse phase high performance liquid chromatography (RP-HPLC) of the extracts on an Agilent 1200 chromatographic system equipped with photodiode array (DAD) and fluorescence detectors (FD). An Agilent-Eclipse XDB C-18 4.6 × 150 mm column, thermostated at 30 °C, was used. The solvents A: formic acid/water (5:95 v/v) and B: acetonitrile/formic acid/water (80:5:15 v/v) were used and the elution gradient were previously described.7 The injection volume was 5 µL and the flow rate was 0.9 mL/min. The detection wavelengths were 280 nm for DAD and 275/322 nm (λEx/λEm) for FD. The (+)-catechin, (-)-epicatechin, (-)-epicatechin gallate and proanthocyanidins were identified by comparing their spectral characteristics and retention times with data of original reference standard compounds and with data given in the literature.1,2,7 The calibration curves of standard phenolic compounds (five data points, n=2) were linear with R2 = 0.99. Results were expressed as mg/g extract DM. 

2.8. Experimental Design
The UAE was optimized using response surface methodology (RSM). The Design Expert software (Version 7.1.6, Stat-Ease, Inc., Minneapolis, MN, USA) was used in this regard. The statistical models and its graphical representation were constructed using central composite design (CCD). Three independent variables: extraction time (X1), extraction temperature (X2) and liquid/solid ratio (X3) were selected as variables which potentially could affect on extraction efficiency. The preliminary single factor experiments were used for determination of values of the ranges and center points (Table 1).
Table 1. Indepenent variables and their levels 

	     Variables
	
	Levels

	coded
	decoded
	
	-1
	0
	1

	X1
	Extraction time (minute)
	
	5
	10
	15

	X2
	Temperature (0C)
	
	30
	40
	50

	X3
	Liquid/solid ratio (mL/g)
	
	40
	50
	60


The 20 different experiments including six replicates of the central point were performed. The extraction yield, TPC, (+)-catechin, (-)-epicatechin and total proanthocyanidin content were chosen as the responses for the combination of the independent variables (Table 2). 

Table 2. Central composite design (CCD) of three variables and adequate responses

	Exp.

No.
	Coded variables
	Responses

	
	X1
	X2
	X3
	Yield (%)
	TPC 

(mg GAEa/ g)
	(+)-catechin (mg/g)
	(-)-epicatechin (mg/g)
	Total proanthocyanidins (mg CEb/g)

	1
	1
	-1
	1
	8.04
	149.99
	8.17
	10.7
	64.22

	2
	0
	0
	0
	9.45
	144.77
	8.08
	9.64
	66.07

	3
	1
	1
	-1
	8.15
	124.45
	8.79
	9.87
	61.15

	4
	0
	0
	0
	9.45
	144.77
	8.08
	9.64
	66.07

	5
	1
	-1
	-1
	7.78
	120.04
	8.04
	9.87
	60.15

	6
	-1
	1
	-1
	7.54
	124.76
	6.24
	8.19
	62.92

	7
	0
	0
	0
	9.44
	144.68
	8.02
	9.6
	66.01

	8
	0
	1
	0
	9.44
	144.73
	8.05
	9.67
	66.06

	9
	-1
	-1
	-1
	7.04
	120.19
	6.90
	7.82
	60.60

	10
	-1
	0
	1
	7.4
	130.07
	6.72
	6.64
	64.51

	11
	-1
	-1
	1
	8.01
	131.28
	7.08
	8.94
	62.04

	12
	1
	1
	1
	9.36
	151.06
	6.15
	9.81
	64.37

	13
	0
	1
	0
	9.87
	147.11
	8.01
	9.70
	60.22

	14
	0
	0
	-1
	9.69
	137.01
	8.80
	9.84
	61.07

	15
	-1
	0
	0
	8.31
	140.12
	7.94
	8.91
	63.29

	16
	0
	0
	0
	9.45
	144.77
	8.08
	9.64
	66.07

	17
	1
	0
	0
	9.85
	145.02
	7.07
	9.69
	62.05

	18
	0
	-1
	0
	9.57
	141.20
	8.01
	8.71
	64.78

	19
	0
	0
	1
	8.77
	143.27
	9.91
	8.75
	64.10

	20
	0
	0
	0
	9.45
	144.72
	8.06
	9.64
	66.05


a gallic acid equivalents; b catechin equivalents.

2.9. Determination of Antioxidant Activity
Antioxidant activity of all investigated extracts was estimated by DPPH test previously described.7 The antioxidant activity of investigated extracts was expressed as median efficient concentrations (EC50). This is the concentration of extract needed for a decrease in absorbance of DPPH solution to 50%.
2.10. Statistical Analysis
All the experiments were carried out in triplicate. Values are presented as means ± standard deviation. Significant differences were determined by analysis of variance (ANOVA) followed by Tukey test. 
3. Results and Discussion
The input data of tree independent variables and five responses needed for CCD experiments are shown in Table 2. The adequate responses were obtained by spectrophotometric and HPLC analyses of grape pomace seed extracts obtained by UAE. The HPLC analysis showed that the main compounds from the grape pomace seed extracts were flavan-3-ol monomers and their oligomers (Figure 1). 
[image: image1.png]200

mAU

N

00

100

Vil 4

Vi X





Figure 1. HPLC chromatogram of grape pomace seed extract recorded on fluorescence detector - 275/322 nm (λEx/λEm); compounds: 1 - (+)-catechin, 2 - (-)-procyanidin B2, 3 - (-)-epicatechin, 4 - (-)-epicatechin gallate; compounds I to XI are flavan-3-ol oligomers.
Three flavan-3-ol monomers, (+)-catechin, (-)-epicatechin and (-)-epicatechin gallate and a dimmer, procyanidin B2, were detected in the seed extract. We also detected numbers of flavan-3-ol oligomers, numbered as compounds I –XI (Figure 1), in significant quantity. They showed similar UV absorbance spectra to these presented by (+)-catechin, (-)-epicatechin and (-)-epicatechin gallate and may be assigned to nonacylated procyanidins derived from (+)-catechin and (-)-epicatechin, and esterified procyanidins with gallic acid derived from (-)-epicatechin gallate.1,2 Due to the lack of standards for these compounds we have not been able to identify them individually. Their content in the extracts was expressed as (+)-catechin equivalents (CE). 
After evaluation of 20 trials (Table 2) by fitting all the responses as function of extraction time (X1), temperature (X2) and liquid/solid ratio (X3), the following polynomial equations were obtained:

Y = 9.57+0.49X1+0.19X2+0.14X3+0.22X1X2+0.080X1X3-0.020X2X3-0.75X12-0.11X22
-0.60X32 


(2)
TPC =145.32+4.41X1+1.47X2+7.92X3+0.26X1X2+5.02X1X3-1.14X2X3-4.02X12-
2.44X22 -6.45X32 








(3)
(+)-catechin content = 8.21+0.33X1-0.23X2-0.074X3-0.031X1X2-0.40X1X3-0.31X2X3-1.02X12-0.52X22+0.83X32 


(4)
(-)-epicatechin content =9.28+0.94X1-0.18X2-0.075X3

(5)
Total proanthocyanidins content =65.38-0.14X1+0.14X2+1.33X3-0.45X1X2+0.53X1X3-0.087X2X3 -1.24X12-1.41X22-1.32X32  


(6)
These polynomial equations corespodent to quadratic (Eq. 2-4, 6) and linear models (Eq. 5). By optimizing design, for the each response separately, the following optimal conditions (extraction time, temperature and liquid/solid ratio) were obtained: 12.5 min, 54.04 0C, 51.29 mL/g for extraction yield; 14 min, 43.76 0C, 59.74 mL/g for TPC, 12 min, 40.66 0C, 40 mL/g for (+)-catechin content; 15 min, 30 0C, 40.05 mL/g for (-)-epicatechin; 10.3 min, 40.25 0C, 55.14 mL/g for total proanthocyanidin content. The UAE efficiency in terms of TPC and total proanthocyanidin content increases by increasing liquid/solid ratio while the increasing of extraction time was of crucial importance for maximum (+)-catechin and (-)-epicatechin content. After taking into account all responses for design optimisation calculation, the optimal conditions were extraction time of 12 min, temperature of 38.8 0C and liquid/solid ratio of 58 mL/g as an optimal for UAE. Desirability bar graph for five responses is shown on Figure 2. 
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Figure 2. Desirability bar graph for five responses.
The bar graph showed very good results for extraction yield, TPC and total proanthocyanidin content. Under these UAE conditions the response surface prediction was as follows: Y = 9.36 ± 0.23 %, TPC = 150.14 ± 1.50 mg GAE/g, (+)-catechin content = 8.56 ± 0.34 mg/g, (-)-epicatechin content = 9.62 ± 0.21 mg/g and total proanthocyanidin content = 65.52 ± 0.81 mg CE/g. Three-dimensional response surface plots of five response variables at different extraction time, temperatures and constant liquid/solid ratio (57.91 mL/g), are shown in Figures 3-7. They represent the value of response as a function of two factors while third stays constant. 
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Figure 3. 3-D response surface for effect of UAE extraction time, temperature and constant liquid/solid ratio on extraction yield.
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Figure 4. 3-D response surface for effect of UAE extraction time, temperature and constant liquid/solid ratio on total phenol content. 
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Figure 5. 3-D response surface for effect of UAE extraction time, temperature and constant liquid/solid ratio on (+)-catechin content. 
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Figure 6. 3-D response surface for effect of UAE extraction time, temperature and constant liquid/solid ratio on (-)-epicatechin content. 
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Figure 7. 3-D response surface for effect of UAE extraction time, temperature and constant liquid/solid ratio on proanthocyanidin content. 

Finally the extracts, obtained under these conditions by UAE and conventional solvent extraction, were subjected to the spectrophotometric, HPLC analyses and DPPH test. The results of these experiments for UAE (Table 3) showed good agreement with the prediction results obtained by optimization design. Also these results showed significantly higher values than for a conventional solvent extraction, under reduction extraction time (12 min for UAE in comparison to 60 min for conventional solvent extraction).  The increasing in extraction yield, TPC, (+)-catechin, (-)-epicatechin and proanthocyanidin content were 14, 23.15, 17.48, 20.16, 19.78 and 19.78 %, respectively.
Table 3. The extraction yield (Y), total phenol content (TPC) and radical scavenging activity (EC50) of Vranac grape pomace seed extracts obtained by ultrasound assisted extraction (UAE) on extraction time of 12 min, temperature of 38.8 0C and liquid/solid ratio of 58 mL/g and conventional solvent extraction on extraction time of 60 min, temperature of 38.8 0C and liquid/solid ratio of 58 mL/g 
	Investigated parameters
	UAE 
	Conventional solvent extraction

	Y (%)
	9.27 ± 0.49a
	8.01 ± 0.37b

	TPC (mg GAE/g)
	147.37 ± 1.73a
	113.25 ± 1.91b

	(+)-Catechin (mg/g)
	8.58 ± 0.21a
	7.08 ± 0.11b

	(-)-Epicatechin (mg/g)
	9.57 ± 0.37a
	7.64 ± 0.41b

	Proanthocyanidins (mg CE/g)  
	63.22 ± 0.89a
	50.71 ± 0.73b

	EC50 (mg/g)
	0.37 ± 0.04b
	0.55 ± 0.05a


Data are expressed as mean ± SD (n = 3). Means in the same row bearing different letters are significantly different (p < 0.05), as analyzed by the Tukey test.

Also, the results of antioxidant activities of these extracts, expressed as EC50 values ​​(mg/g DM), estimated by DPPH test are shown in Table 3. Lower EC50 values ​​correspond to higher antioxidant activity of extracts. The UAE extract showed significantly higher antioxidant activity (for 48.46 %) than extract obtained by a conventional solvent extraction. The antioxidant activity of seed extracts from UAE corresponding to higher phenol content in them and suggests that the phenolic compounds at least partially are responsible for the strong antioxidant activity of these extracts. The literature data also confirm the strong antioxidant activity of seed extracts and high correlation with total phenol content.4,6 Although flavan-3-ols greatly contributed to the antioxidant activity of the extracts, other classes of phenolic compounds also effect on the total antioxidant activity of the extracts. Their influence on the antioxidant activity may be explain by the synergetic effects that are occur among different phenolic compound in complex mixtures such as investigated extracts.4 Significantly lower antioxidant activity from extract obtained by conventional solvent extraction can be explained by the fact that degradation of the antioxidant substances occurs during their longer extraction time exposure in relation to the UAE time. For this reasons if we want to obtain extracts that showed strong antioxidant activity it is the best to take those extraction conditions that ensure a high content of TPC and maximizing much as possible the other responses. 
4. Conclusion

The ultrasound-assisted extraction (UAE) has proved to be a very good technique for the extraction of phenolic compounds. Rather it also reduces the time of extraction which reduces the degradation of phenolic compounds. For these reasons the obtained extracts show significantly stronger antioxidant activity than extracts obtained by conventional extraction techniques. 

The response surface methodology (RSM) proved to be a very powerful statistical method for optimization of extraction conditions. The UAE under optimal extraction conditions predicted by central composite design (CCD) is suitable for obtaining extracts that are rich in phenolic content and strong antioxidant activity which could be used as additives in food and medicaments.
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