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Abstract: The objective of this work was to optimize subcritical water extraction (SWE) conditions 

of phenolic compounds and antioxidant activity from vineyard pruning residues. For that, a central 

composite design (CCD) was conducted to investigate the influence of temperature (123–307 °C) 

and time (14–56 min). The optimal extraction conditions were 33 min and 280 °C, revealing a high 

TPC (229 ± 23 mgGAE/g dw), and antioxidant activity by FRAP and ABTS assays (228 ± 20 and 236 

± 11 mgAAE/g dw). The phenolic composition revealed high amounts of catechin, gallic acid and 

quercetin. SWE demonstrated to be a powerful extraction technique for polyphenols recovery from 

vine-canes. 
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1. Introduction 

Vineyard pruning are an important waste in all viticulture areas that should be re-

used with innovative applications; in the case of vine-canes, they are typically incorpo-

rated in the soil or incinerated [1]. Recently, it was demonstrated that Portuguese vine-

canes represent a good source of polyphenolic compounds, which have been associated 

with several health benefits [2, 3]. 

The analysis and determination of the bioactive compounds can be divided into dif-

ferent steps, namely sample pretreatment, extraction, isolation, and purification. How-

ever, it has been evident that the choice of the proper extraction technique represents one 

of the most crucial step [4]. Subcritical water extraction (SWE) is an environmentally 

friendly extraction technique, which employs high temperatures and pressures changing 

the polarity and dielectric constant of solvents. This will enhance the penetration of the 

solvent into the matrix, improving the extraction efficiency while reducing the extraction 

time and maintaining the biological activities from the obtained extracts [5]. 

The present work aimed to optimize SWE process of vineyard pruning residues us-

ing a central composite design (CCD). The influence of the process parameters, namely 

temperature and extraction time, on total phenol content (TPC) and antioxidant activity 

has been investigated. Following, the phenolic composition from the optimal extract was 

assessed. 
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2. Materials and Methods 

2.1. Vine-Cane Samples  

Vine-canes from Touriga Nacional variety were randomly collected at Quinta dos 

Carvalhais (Dão region) in 2015, dried at 50 °C for 24 h, milled to 1 mm and stored at room 

temperature. 

2.2. Subcritical Water Extraction  

SWE was performed in a Parr Series 4560 Reactor connected to the Parr 4848 Reactor 

Controller. The extractions were performed using 20 g of sample and 200 mL of deionized 

water at temperatures ranging from 150 to 280 °C and at times from 20 to 50 min, as de-

fined by the RSM design (Table 1). After SWE, the system was cooled down and the ex-

tracts were filtered, centrifuged (5000 rpm for 15 min at 4 °C) and lyophilized for 48 h. 

Afterwards, the extracts were stored at 4 °C until further use. 

2.3. Total Phenolic Content and Antioxidant Activity 

The TPC and antioxidant activity evaluated by the ferric reduction antioxidant power 

(FRAP) and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid diammonium salt (ABTS) 

assays were performed as previously described [1,6]. Results were expressed as milli-

grams of gallic acid equivalents (GAE) and ascorbic acid equivalents (AAE) per gram of 

dry weight (dw) depending on the assay. 

2.4. Qualitative and Quantitative Polyphenol Characterization by HPLC-PDA 

The phenolic profile of the optimal extract was characterized by HPLC with a photo-

diode array detector and a C18 column as described in detail by Moreira et al. [1]. The 

extract was analyzed three times, and the results were expressed as mg of compound/100 

g of dw. 

2.5. Statistical Analysis 

All experimental results were expressed as means ± standard deviation (SD) of three 

parallel measurements, and all calculations were carried out using Design Expert (Version 

7.0). The validated extraction at the predicted optimal conditions was repeated three 

times; results were statistically analyzed by analysis of variance (ANOVA) and Tukey’s 

multiple range test using the SPSS statistic software, version 24.0 (SPSS Inc., Chicago, IL, 

USA). Statistical significance was accepted at a level of p < 0.05. 

3. Results and Discussion 

3.1. Total Phenolic Content and Antioxidant Activity 

In Table 1 is represented the obtained content of phenolics and antioxidant activity 

for the proposed experiments by the CCD depending on two factors: temperature and 

time. Regarding the evaluated activities of the extracts, TPC ranged from 32.7 mg GAE/g 

dw (extraction 1, 215 °C, 35 min) to 243 mg GAE/g dw (extraction 6, 280 °C,20 min); ABTS 

varied between 40.8 mg AAE/g dw (extraction 5, 307 °C, 55 min) and 257 mg AAE/g dw 

(extraction 6, 280 °C,20 min) and FRAP ranged from 33.6 mg AAE/g dw (extraction 1, 215 

°C, 35 min) to 264 mg AAE/g dw (extraction 6, 280 °C,20 min). These results are in line 

with previous studies [2, 7], who also reported that the use of higher temperatures re-

sulted in higher amounts of bioactive compounds as well as higher antioxidant properties. 

Table 1. Experimental and predicted values of TPC (Y1, mg GAE/g dw), ABTS (Y2, mg AAE/g dw) and FRAP (Y2, mg 

AAE/g dw) of vine-canes SWE extracts obtained by central composite design (CCD). 

 Independent variables Dependent variables 

Pointa SWE conditions 
Y1, TPC Y2, ABTS Y3, FRAP 

(mg GAE/g dw) (mg AAE/g dw) (mg AAE/g dw) 
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run 
X1 X2 

Expb Predc Expb Predc Expb Predc 
(t,min) (T, °C) 

1 215 35 32.7 54.3 41.9 53.6 33.6 48.9 

2 123 35 221 226 210 215 229 231 

3 150 50 46.2 65.7 46.8 56.6 46.8 58.8 

4 215 56 204 207 212 215 214 213 

5 307 35 45.4 21.4 40.8 28.6 44.5 28.3 

6 280 20 243 243 257 254 264 266 

7 280 50 161 147 136 127 140 131 

8 150 20 152 142 135 129 130 126 

9 215 14 199 181 183 166 186 166 

10 215 35 185 181 179 166 157 166 

11 215 35 174 181 166 166 159 166 

12 215 35 172 181 170 166 168 166 

13 215 35 177 181 133 166 159 166 
a Experiments were performed in a random order; b Average of triplicate determinations from different experiments; c 

Based on CCD evaluation. 

According to the obtained results in Table 1 and information from 3D surface plots 

(data not shown), the optimal SWE conditions which simultaneously maximize the TPC 

and antioxidant activity were 280 °C and 33 min (R2 = 0.9198). The experimental values for 

the TPC, ABTS and FRAP assays determined at optimal conditions were 229 mg GAE/g 

dw, 236 mg AAE/g dw and 228 mg AAE/g dw. The obtained values were similar to the 

ones predicted by the model (p < 0.05), suggesting that the models are valid for the opti-

mization of antioxidant compounds and polyphenols extraction from vine-canes using 

SWE. 

The comparison of the results with the published data shows that dry extract of 

“Greco” grape canes obtained by conventional extraction with 20 mM of KCl/NaOH pH 

13 at 50 °C for 20 min under continuous stirring [8] contained lower amounts of total phe-

nols (104 mg GAE/g dw) than extracts from the present study. In another study [7], a TPC 

of 181 mg GAE/g DW was reported for vine-canes extracted at 250 °C for 50 min, which 

were similar to the values obtained in the present study. 

3.2. HPLC-DAD Analysis 

An HPLC-DAD analysis to the extract obtained at the optimal SWE conditions was 

performed to know which individual phenolic compounds were the main contributors to 

the exhibited antioxidant properties. Figure 1 presents the HPLC chromatogram obtained 

at 280 nm for the polyphenol’s standard mixture. In Table 2 are reported the obtained 

content for the individual phenolic compounds identified in the optimal vine-cane extract. 
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Figure 1. HPLC-DAD chromatogram monitored at 280 nm for a polyphenol standard mixture of 5 mg/L; peak identifica-

tion: (1) gallic acid, (2) protocatechuic acid, (3) (+)-catechin, (4) chlorogenic acid, (5) vanillic acid, (6) caffeic acid, (7) syringic 

acid, (8) (−)-epicatechin, (9) p-coumaric acid, (10) trans-ferulic acid, (11) sinapic acid, (12) naringin, (13) 3,5-di-caffeoylquinic 

acid, (14) quercetin-3-O-galactoside, (15) rutin, (16) phloridzin, (17) ellagic acid, (18) 3,4-di-O-caffeoylquinic acid; (19) my-

ricetin, (20) cinnamic acid, (21) kaempferol-3-O-glucoside, (22) kaempferol-3-O-rutinoside, (23) naringenin, (24) quercetin, 

(25) phloretin, (26) tiliroside, (27) kaempferol, (28) apigenin and (29) chrysin.. 

Table 2. Content of the individual polyphenols in vine-cane extract obtained at the optimal SWE 

conditions (250 °C, 33 min). Results were expressed as mean ± standard deviation (milligrams of 

compound/100g dw, n=3). 

Phenolic compounds 
Mean ± SD 

(mg of compound/100g dw) 

Gallic acid 300 ± 15 

Protocatechuic acid 15.6 ± 0.8 

(+)-Catechin 468 ± 23 

Chlorogenic acid 136 ± 7 

Vanillic acid 118 ± 6 

Caffeic acid 171 ± 9 

Syringic acid 58.4 ± 2.9 

(-)-Epicatechin 267 ± 13 

p-Coumaric acid 46.9 ± 2.3 

trans-Ferulic acid 94.8 ± 4.7 

Sinapic acid 118 ± 6 

Naringin 83.7 ± 4.2 

3,5-di-caffeoylquinic acid NDa 

Quercetin-3-O-galactoside 39.2 ± 2.0 

Rutin 44.4 ± 2.2 

Phloridzin 134 ± 7 

Ellagic acid 155 ± 8 

3,4-di-O-caffeoylquinic acid 1.21 ± 0.06 

Myricetin 93.6 ± 4.7 

Cinnamic acid 39.1 ± 2.0 
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Kaempferol-3-O-glucoside 195 ± 10 

Kaempferol-3-O-rutinoside 87.3 ± 4.4 

Naringenin 30.6 ± 1.5 

Quercetin 153 ± 8 

Phloretin 15.1 ± 0.8 

Tiliroside <LOQb 

Kaempferol <LODc 

Apigenin <LOD 

Chrysin <LOD 
aND: not detected; bLimit of quantification; cLimit of detection. 

The phenolic composition determined by HPLC-DAD revealed the presence of com-

pounds belonging to different families, with gallic acid (300 ± 15 mg/100 g dw), catechin 

(468 ± 23 mg/100 g dw), kaempferol-3-O-glucoside (195 ± 10 mg/100 g dw) and quercetin 

(153 ± 8 mg/100 g dw) being the major contributors to the demonstrated antioxidant prop-

erties of the produced vine-cane extracts. On the contrary, 3,4-di-O-caffeoylquinic acid, 

phloretin and protocatechuic acid were present in lowest amount, with values below 15.6 

mg/100 g dw. These phenolic compounds have been previously identified in vine-canes 

[3, 7]; however, different amounts have been quantified depending on the variety, as well 

as from the extraction conditions employed. For instance, in a recent study [3] approxi-

mately a 3-fold higher amount of gallic acid was extracted (1041 versus 300 mg/100 g dw), 

while on the contrary a 10-fold lower amount of quercetin were recovered from vine-canes 

(16.1 versus 153 mg/100 g dw).  

The results obtained in the present work proved that SWE can be a useful extraction 

technique for obtaining phenolic compounds from vineyard pruning residues, which can 

be further safely applied to food or cosmetic industries creating an added value to this 

residue. 
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