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Abstract. Grape seed extract (GSE) in the last years is commercialized as a valuable ingredient in the food 
industry. The aims of this study are to optimize the extraction procedure of polyphenols from seeds of red 
Pinot Noir grape and to evaluate the phenolic content, antioxidant and antimicrobial potential of the obtained 
extract. Two conventional methods (with shaker and magnetic stirrer) and two non-conventional methods 
(with ultrasonic bath and microwave oven) were used for the extraction of the polyphenols from seeds. The 
optimal conditions for the production of GSE were - magnetic stirrer, 70% aqueous ethanol, 3 h, room 
temperature. The extraction yield and total phenol content of the obtained extract were 12% and 111.22 mg 
gallic acid/g dry weight, respectively. The contents of total flavonoids (TF), procyanidins (PC), total 
anthocyanins and ascorbic acid of the GSE were determined. The obtained GSE was rich in TF (51.50 mg 
quercetin/g) and PC (170.45 mg catechin/g). Antioxidant capacities of the extract were evaluated by 2,2-
diphenyl-1-picrylhydrazyl (579.33 µM Trolox/g) and 2,2´-azino-bis (3ethylbenzothiazoline-6-sulfonic acid) 
assays (2203.50 µM Trolox/g). The extract has a high antimicrobial effect against B. cereus and B. subtilis. 
The obtained Pinot Noir GSE will be suitable additive for food products. 

1 Introduction 
Waste bioproducts in a winemaking industry (pomace, 

seeds, skins) are important sources for obtaining 
polyphenolic compounds. The seeds have the highest 
concentration of polyphenols. The abundant phenolic 
compounds in seeds are monomeric (catechin, 
epicatechin, epigalocatechin gallate), dimeric 
(procyanidin B1, procyanidin B2, procyanidin B3), 
trimeric (procyanidin C) and tetrameric phenolic 
compounds, which have a high antioxidant activity [1, 2]. 
The biological activity of polyphenols from grape seeds is 
broad-spectrum – they are used as antiaging, anticancer, 
antimicrobial, and antilipid agents [3, 4]. For this reason, 
many publications described the isolation and purification 
of these compounds from grape seeds and using them as 
food additives, antimicrobial agents, and inhibitors of 
lipid oxidation [5-7]. The polyphenolic content in grape 
seed extracts depends on the extraction procedure, type of 
solvent, grape varieties, climate, and etc. [8-10]. The 
extraction of biologically active substances from waste 
grape seeds is a process of obtaining a valuable product 
with added value in the context of the circular economy.  

      There are a number of studies that determine the 
phenolic content and demonstrate the antioxidant, 
antilipid, antibacterial, antiviral activity of grape seed 
extracts (GSE) [4, 11]. Many publications described that 
grape seed extracts possess a high antimicrobial activity 
and can be used as antimicrobial and preservative food 
agents [12, 13]. Moreover, there have been many studies 
proving that the seed extracts of red grapes have a higher 

antioxidant and antimicrobial capacity compared to those 
of white grapes, because they contain a higher content of 
polyphenolic compounds [14]. But the use of red grape 
extracts as an antilipid and antimicrobial agent in food 
products leads to the change of product color [15]. The 
Pinot Noir grape belongs to the red variety, but the wine 
produced from it possesses a faint red color. Extracts from 
its seeds are expected to be almost colorless and do not 
affect the color of the food products. For this reason, the 
present study was focused on the preparation of Pinot 
Noir grape seed extracts and their complete 
characterization. In this regard, three approaches were 
used: first, optimization of the extraction procedure for 
the production of rich non-colored polyphenolic extract 
from Pinot Noir grape seeds, second, evaluation of the 
phenolic content and antioxidant capacity of the GSE and 
third studding of the antimicrobial activity of Pinot Noir 
GSE. The data may contribute to the selection of a suitable 
and inexpensive sources of polyphenolic compounds with 
potential antioxidant and antimicrobial activity.   

2 Materials and methods 
2.1 Samples and chemical reagents  

The samples used in this study was the waste (pomace) 
from the vinification of red wine from Vitis vinifera L. cv., 
Pinot Noir grape (Pink Pelikan Winery). This grape sort 
is grown in the Danube region, near the city of Ruse, 
Bulgaria. The used chemicals were as follows: ethanol 
99.9% v/v (Valerus, Bulgaria); methanol 100% (HPLC 
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grade), sodium carbonate (> 99%), 2,2-diphenyl-
1picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), 2,2´-
azino-bis (3ethylbenzothiazoline-6-sulfonic acid), 
(ABTS), 2N solution Folin-Ciocalteu reagent, sodium 
hydroxide, purchased from Merck Group, Darmstadt, 
Germany. The reagents such as sodium nitrite, aluminium 
chloride hexahydrate were purchased from Merck, 
Germany. Deionized water purified by ELGA’s water 
purification system (England) was used throughout the 
experiments.   

2.2 Production of grape seed powder   

Seeds were separated from the skin by using a plastic 
sieve. Then the grape seeds were washed, dried at 40℃ 
for 14 h, and stored at 4℃. For each experiment, a certain 
amount of dry grape seeds was grinded to powder with a 
diameter of 2.5 - 22.5 μm.   

2.3 Preparation of grape seed extract  

2.3.1 Extraction using shaker  

The mixture of grape seed powder (5 g) with 50 mL 
aqueous ethanol solution (70%, v/v) was stirred on a PMS 
1000 shaker made in Germany at a rotation speed of 500 
rpm for 24 h. The resulting mixture was centrifuged at 
6000 rpm for 10 min in a centrifuge (CompactStar CS4, 
VWR International Ltd, UK). The supernatant was 
separated and concentrated to 1 mL in a vacuum 
evaporator (Rotavapor R-215, Buchi, Flawil, 
Switzerland) in a water bath at 50 - 60℃ and 100 - 175 
hPa vacuum pressure. The influence of the type of organic 
solvents on the polyphenol extraction of grape seeds was 
traced with 70% (v/v) aqueous solutions of ethanol, 
methanol and acetone on a shaker at the described above 
conditions. Then the concentration of ethanol was varied 
- 50%, 70%, and 90%.   

2.3.2 Extraction using magnetic stirrer  

Grape seed powder (5 g) was mixed with 25 mL 70% 
aqueous ethanol and was stirred on a magnetic stirrer 
MMS-3000 (Boeco, Germany) at 500 rpm and room 
temperature (RT). The extraction time was varied from 1 
to 4 hours. The resulting mixture was centrifuged at 6000 
rpm for 10 min. The supernatant was separated and 
concentrated to 1 mL with a vacuum evaporator.  

2.3.3 Microwave-assisted extraction  

The tube with the mixture of grape seed powder (5 g) and 
25 mL of 70% aqueous ethanol was placed in a 
“Samsung” microwave oven at the lowest power - 20% of 
1800 W (max power), for 5 min. The upper 
liquid/supernatant was separated and a new 25 mL of 70% 
aqueous ethanol was added to the precipitate and the 
process was repeated once again. The two filtrates were 

centrifuged at 6000 rpm for 10 min. The supernatant was 
separated and concentrated to 1 mL with a vacuum 
evaporator.  

Ab = [1 mL methanol + 2.5 mL 1% vanillin solution + 
equivalents/g dry weight [18].  

2.3.4 Ultrasound-assisted extraction   

The tube with the mixture of grape seed powder (5 g) and 
25 mL 70% aqueous ethanol was placed in an ultrasonic 
bath (Siel, Bulgaria) with ultrasound frequency 36 kHz 
and ultrasound power 240 W for 5 min, at room 
temperature. The upper liquid/supernatant was separated 
and then was added a new amount of solvent - 25 ml of 
70% aqueous ethanol and after that the process was 
repeated once more. The two filtrates were centrifuged at 
6000 rpm for 10 min. The supernatant was separated and 
concentrated to 1 mL with a vacuum evaporator.  

2.4 Spectrophotometric analysis  

2.4.1 Total polyphenolic content   

To 50 µL of GSE was added 3 µL of dH2O and 50 µL of 
2N Folin-Cioculteu reagent [16]. The mixture was left for 
3 min in a dark place. Тhen 300 μL Na2CO3 with 
concentration 75 g/L wеre added and the mixture was left 
in the dark at RT for 1.5 h. Absorbance was measured at 
725 nm on a spectrophotometer 6900 UV-Vis, JENWAY, 
England. The standard curve was obtained on the basis of 
gallic acid with a concentration of 50 - 450 µg/mL 
dissolved in ethanol. Total polyphenolic content was 
expressed as milligram-equivalent gallic acid per gram of 
dried matter, mg GAE/g DW    

2.4.2 Total flavonoids   

The extract (250 µL) was mixed with 1 mL dH2O and 75 
µL 5% NaNO2 for 5 min. Then 150 µL 2% aluminium 
chloride was added, and the sample was mixed for 6 min. 
After that, 500 µL 1N sodium hydroxide was added and 
the sample was incubated in a dark at RT for 11 min. The 
sample was diluted with 4 mL dH2O. The solution 
absorbance was measured spectrophotometrically at 510 
nm. The standard curve was obtained on the basis of 
methanol solution of quercetin with a concentration of 0 
- 1 mg/mL. Total flavonoids were expressed as milligram 
equivalent quercetin per gram of dried matter, mg QE/g 
DW [16].   

2.4.3 Determination of procyanidins  

Total procyanidins were estimated using the method 
developed by Sun et al. [17]. GSE solution with 
concentration 300 μg/mL in methanol was prepared. A 
standard curve was obtained using catechin (C) solution 
with concentrations varied from 20 to 500 μg/ml. 
Different mixtures were prepared (see below), incubated 
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for 20 min at 30oC, and their absorptions were measured 
at 500 nm.  
  
A0 = [1 mL methanol + 2.5 mL methanol + 2.5 ml                                  
9 mol/L HCl]                                                                      (1)  
 
followed by 16 h incubation in the dark, at room 
emperature. Before analysis, the 1 ml ABTS+• solution 
was diluted with 60 ml methanol to gain an absorbance 
of 1.1 ± 0.02 at 734 nm. Samples (100 µL) were allowed 
to react with 2 mL of ABTS+• solution for 10 min in a dark 
place. Afterwards, the solution absorbance at 734 nm was 
measured. A standard line was drawn in the linear interval 
5 - 600 µM Trolox. Results were expressed as µM Trolox                             
2.5 ml 9 mol/L HCl]                                                      (2) 

  
Ac = [1 mL C (20–500 μg/mL) or GSE + 2.5 mL     
methanol + 2.5 mL 9 mol/L HCl]                                      (3)  

  
As = [1 mL C (20–500 μg/mL) or GSE + 2.5 mL 1% 
vanillin + 2.5 mL 9 mol/L HCl]                                    (4)  

  
Absorption was calculated as follows for each standard 
and sample solution:  
A = (As – Ab) – (Ac – A0)                                              (5)  

  
Total procyanidins were expressed as mg-equivalent (+) 
catechin per gram of dried matter, mg CE/g DW.   

2.4.4 Total anthocyanin pigments   

The extract (250 µL) was diluted with buffer solution with 
pH 1 until the solution absorbance became 1.1 ± 0.02 at 
520 nm [16]. Then the dilution factor was determined. The 
extract was diluted with a buffer solution of pH 4.5 using 
the same dilution factor. The solution absorbance was 
measured at 520 nm. Тhe presence of turbidity in solution 
was measured at 700 nm. The concentration of 
anthocyanin pigments expressed as cyanidin-3-glucoside 
equivalents (mg/L) was determined using equation.   
  
АС pigments = А . М . F . 103 / ε . 1, mg /L                   (6)  

  
A = ( A520nm -  A700nm ) pH 1 - ( A520nm - A700nm ) pH 4.5           (7)  

  
M - molecular weight of cyanidin-3-glucoside – 449.2 
g/mol; F - dilution factor; 1 – path length in cm; ε - 26 900 
molar extinction coefficient, in L/mol.cm for cyanidin-
3glucoside; 103 – factor for conversion from g to mg.  

2.4.5 Ascorbic acid content   

Extract (500 µL) was mixed with 250 µL Folin-Ciocalteu 
reagent, previously diluted 1:9 with ultrapure water. The 
mixture was homogenized for 3 min at RT. Afterwards, 
the solution absorbance at 765 nm was measured. The 
standard curve was obtained on the basis of ascorbic acid 
in concentrations 10 - 500 μg/mL in ethanol [16].   

2.4.6 Determination of ABTS radical cation 
scavenging activity   

ABTS radical was prepared by mixing equimolar amounts 
of 2.6 mM of potassium persulfate and 7.4 mM ABTS. 

2.4.7 Determination of DPPH radical scavenging 
activity   

Sample (100 µL) was mixed with 2 mL of daily prepared 
DPPH• solution (24 mg in 100 mL methanol) and left in 
dark for 20 min at room temperature. The decrease in 
absorbance was indicated spectrophotometrically at 515 
nm. A linear regression for the Trolox standard (25 - 800 
µM) was constructed. Results were expressed as µM 
Trolox equivalents/g dry weight matter [18].  

2.5 Determination of antimicrobial activity by 
disc diffusion method   

The antibacterial activity of GSE was performed by agar 
disc diffusion method [18]. Bacterial strains (Bacillus 
cereus ATCC 10876 and Bacillus subtilis NCTC 8236) 
first were grown on Muller Hinton medium for 24 h at 
37℃. Sterile 6 mm in diameter filter discs were dipped 
with GSE (0, 0.05, 0.10, 0.25, 0.50 mg/mL) and were 
placed on the surface of agar seeded with bacteria. For 
negative control, a disc impregnated with 0.9% NaCI was 
used. The antibiotic Ciprofloxacin (5.00 mg/L) was used 
as the positive control on separate Petri dishes. The Petri 
dishes were then left at 4°C for 30 min and subsequently 
incubated at 37℃ for 24 h. The antibacterial activity was 
evaluated by measuring the zone of bacteria growth 
inhibition surrounding the discs.   

2.6 Statistical analysis  

Experimental results were means ± SD of three parallel 
measurements. Analysis of variance was performed by 
ANOVA procedure (DPS 7.55 for Windows).   

3 Results and discussion 
Grape seed extracts exhibit strong antioxidant activity, 
which is due to the polyphenols contained in them. The 
efficiency of obtaining extracts from grape seeds depends 
on the type of solvent, particle size, temperature, 
extraction time, as well as the presence of foreign 
substances in the matrix [19]. The most important factor 
in achieving effective grape seed extraction is the type of 
solvent. For this purpose, three of the most used organic 
solvents were applied – ethanol, methanol, and acetone 
[20]. It is known that better extraction was achieved using 
a water-organic solvent mixture [19, 20]. For this reason, 
the extraction was carried out using 70% aqueous organic 
solvent on a shaker for 24 hours at RT. The total 
polyphenolic content (TPC) and the yield of GSE with 
three types of solvents were determined (Fig. 1).  
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Fig. 1. Effect of different types and concentrations of solvents 
on the yield and TPC of Pinot Noir GSE, obtained on a shaker, 

RT, 24 h (n=3) 
The yield of GSE was calculated as the ratio of dry extract 
weight to weight of dry seeds in percent. The yields using 
70% aqueous ethanol and 70% aqueous acetone were 
found to be similar, around 15%. The yield was lower 
when the extraction was carried out with 70% aqueous 
methanol, it was 10%. TPC was high in the extract 
obtained with 70% aqueous methanol and with 70% 
aqueous ethanol, 112.50 mg GAE/g and 112.00 mg 
GAE/g DW matter, respectively. When performing the 
extraction with 70% aqueous acetone, the TPC was the 
lowest 89.75 mg GAE/g DW matter. These differences 
are understandable because the solvents have different 
polarities and the extraction of antioxidants with different 
chemical structures occurs to different degrees. Similar 
results were obtained by other authors [21].  
      An important factor in selecting a suitable solvent is 
what the extract will be used for. Usually, when applying 
the extract in the food industry and in medicine, it is 
preferable to use ethanol as an extracting agent, since it is 
safer for health. For this reason, the safer solvent ethanol 
was chosen for the following experiments, providing a 
good yield of GSE and high TPC. The optimal 
concentration of ethanol for effective extraction was also 
determined. Experiments were done with 50, 70, 90% 
aqueous ethanol. The extraction was carried out on a 
shaker for 24 h at RT. From Fig. 1, it can be seen that the 
GSE yield is highest when applying a mixture of 70% 
ethanol and 30% dH2O. At this ratio, the TPC is also the 
highest. Similar results were obtained by other authors. 
Van Tang et al. [20] indicated that the phenol content in 
grape seed extracts increased when the percentage of 
water in the ethanol-water mixture increased from 0 to 30 
vol.% and decreased at higher percentage. Other authors 
have reported that ethanol/water mixtures are 
environmentally favorable compared to pure alcohol [19]. 
It is for this reason that all other experiments were carried 
out with a solvent of 70% aqueous ethanol.  

      The other important factor for effective extraction of 
grape seeds is the type of technique used. A number of 
publications have described the application of both 
conventional and non-conventional extraction methods 
[22, 23]. In the present study, experiments were carried 
out to extract antioxidants from Pinot Noir red grape seeds 
using two conventional techniques - a shaker and a 
magnetic stirrer. Two non-conventional techniques were 
also applied, using an ultrasonic bath (US) and a  
microwave oven (MW) in order to compare both sets of 
techniques. The yield and the TPC of the obtained extracts 
by various applied techniques were determined. The 
results are presented in Fig. 2.  From Fig. 2, it is obvious 
that the yield and TPC were highest when the shaker 
extraction was carried out for 24 hours. But this 
conventional method requires a lot of time. The time of 
extraction carried out with a magnetic stirrer is shorter - 3 
hours. Ultrasonic and microwave treatments are very fast 
because they provide energy that destroys plant cell walls 
and rapidly releases their internal contents. During the 
preliminary test, it was found that the long extraction time 
in the microwave oven was not suitable because the 
solvent evaporates very quickly. Therefore, a two-stage 
extraction was applied, with each stage lasting 5 minutes 
and the solid material mixed with a new portion of fresh 
solvent for the second stage. The same problem appeared 
with the use of ultrasonic treatment, which necessitated 
the application of a two-stage extraction, each stage 
lasting 5 minutes. Non-conventional techniques have a 
lower consumption of organic solvents and reduced 
extraction time. Their main disadvantage is the possibility 
of overheating and deactivating the antioxidants. 

 
Fig. 2. Effect of different extraction techniques on the yield 

and TPC of Pinot Noir GSE obtained with 70% aqueous 
ethanol (n=3) 

 Another disadvantage is the loss of solvent due to its 
evaporation. From the results presented in Fig. 2, it can be 
seen that conventional organic solvent extractions are 
comparable in efficiency to non-conventional extractions, 
but require more time and a larger quantity of organic 
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solvents. When using the magnetic stirrer, the GSE yield 
was 12% and TPC was 111.22 mg GAE/g DW matter, and 
when using the microwave, 12% and 104.25 mg GAE/g 
DW matter, respectively. It is obvious that the extraction 
carried out on a magnetic stirrer is not inferior in 
efficiency to the other applied methods; moreover, the 
extraction time is relatively short.       
      The effect of extraction time on the yield of GSE and 
TPC was investigated using a magnetic stirrer, 5000 rpm, 
70% ethanol, for 4 h (Fig. 3). 

 
Fig. 3. Effect of the extraction time on the yield and TPC of 
Pinot Noir GSE obtained with 70% ethanol using magnetic 

stirrer, RT (n=3) 
The yield and TPC of the extract were determined at 

every hour. It was found that with the increase of time 
from 1 to 3 hours, the yield and TPC grew and reached 
maximum values, at the 3-rd and 4-th hour, the yield was 
12 and 12.2 %, the TPC was 111.22 mg GAE/g and 
112.25 mg GAE/g DW, respectively. At the 4-th hour, the 
values of both parameters remain almost the same as they 
were at the 3th hour. Three hours is the time chosen as 
optimal for conducting the extraction of the grape seeds. 
From Fig. 2 and Fig. 3, it can be seen that the results for 
the TPC, when the extraction was carried out with a 
magnetic stirrer, are high and were achieved in a short 
time - 3 hours. Precisely for this reason, the extraction 
with the help of a magnetic stirrer, 5000 rpm, 70% 
ethanol, 3 hours, RT, was chosen for performing the rest 
of the experiments.   
      The obtained data for TPC at optimal extraction 
conditions are higher than the results obtained by other 
authors. The value of TPC determined by Li et al. [24] in 
GSE of red Cabernet Sauvignon grape was 2.53 mg 
GAE/g; by Sofi et al. [18] in GSE from local juice center 
- 1.23 mg GAE/g; by Selcuk et al. [25] in GSE of 
Calkarasi red grape variety - 27.92 mg GAE/g; by Guaita 
and Bosso [26] in GSEs of different varieties values were 
in the interval 74 - 108 mg GAE/g; by Ky and Teissedrer 

[27] in GSE of six different grape varieties, TPC values 
ranged from 36.6 to 49.7 mg GAE/g. In some cases, the 
obtained result of TPC was slightly lower than the results   
obtained from other authors. In a study by Rockebach et 
al. [14] the TPC were determined in GSE of six different 
grape varieties and the values ranged from 21.28 to 
165.18 mg CE/g. Hassanpour et al. [28] examined the 
content of polyphenolic compounds in the GSEs of 20 
grape varieties and the TPCs were in the interval 44.86 - 
155.1 mg GAE/g. The comparison of the results indicated 
that the obtained GSE from Pinot Noir grape has a high 
content of phenolic compounds.  
      For a more complete characterization of the 
polyphenolic composition of the Pinot Noir grape seed 
extracts, the TF, TA, AA, PC and antioxidant capacity 
were investigated (Table 1).   
  
Table 1. Polyphenolic characteristics and antioxidant capacity 

of Pinot Noir grape seed extract (n=3) 

Parameter Means ± SD 

Total phenolic content,  
mg GAE/g DW  

111.22 ± 1.28 

Total flavonoids,  
mg QE/g DW  

51.50 ± 0.35 

Procyanidins,  
mg CE/g DW  

170.45 ± 2.52 

Total anthocyanins,  
mg CGE/g DW  

0.04 ± 0.02 

Ascorbic acid,  
mg/g DW  

11.07 ± 0.25 

Antioxidant capacity (DPPH assay), 
µM ТЕ/g DW  

579.33 ± 4.15 

Antioxidant capacity (ABTS assay),  
µM ТЕ/g DW  

2203.50 ± 10.25 

            Bar indicates Mean ± SD (n = 3)  
The values of TF in the studied seed extract were to be 

significantly higher (51.50 mg QE/g DW) compared to 
the results from other authors. A study by Guaita and 
Bosso [26] determined TF in grape seeds in different 
grape varieties. They described that the TF values are in 
the interval 6.90 - 25.91 mg QE/g DW. Sofi et al. [18] 
indicated that the TF value of GSE from local juice center 
was 1.66 mg CE/g, while Selcuk et al. [25] presented in 
GSE of Calkarasi red grape variety - 24.16 mg CE/g. 
Hassanpour et al. [28] examined the content of TF in the 
seeds of 20 grapes originating from Iran. The authors had 
found the TF in a wide interval 23.21 - 131.91 mg/g. The 
same results were received by Rockebach et al. [14], from 
11.88 to 118.7 mg CE/g of GSE from six red grape 
varieties.   
     Anthocyanin pigments do not occur natively in grape 
seeds, but traces can be transferred to grape seeds in the 
process of crushing and separating the seeds from the skin 
of red grapes. It is for this that traces of anthocyanins have 
been determined in the extracts of grape seeds Pinot Noir 
- 0.04 mg CGE/g DW (GSE is uncolored).  
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      The content of ascorbic acid in the extract of seeds of 
Pinot Noir was also determined. The concentration found 
was 11.07 mg/g DW, which is higher than the results 
obtained by other authors. Negro et al. [29] have found 
that the AA content varied between 3.27 and 4.17 mg/g of 
extract, obtained in 80% ethanol.  
      The total content of procyanidins in GSE was also 
determined by the vanillin method. The amount of 
procyanidins in the seed extract is high – 170.45 mg/g 
DW. These results coincide with the results obtained by 
other authors for seed extracts of different red grapes from 
85.2 to 152.0 mg CE/g DW [26]. Hassanpour et al. [28] 
indicated lower values of procyanidins in the seeds of 20 
different grapes, in the interval 10.11 - 26.10 mg CE/g. 
One of the most important characteristics of extracts is 
their antioxidant potential. Red grape seed extracts have a 
high antioxidant potential, they can reduce or inhibit free 
radicals in oxidative processes and are used as antilipid 
additives in meat and meat products [5-7]. DPPH and 
ABTS assays were used to investigate the antioxidant 
capacity of Pinot Noir grape seed extract. The principle of 
DPPH assay is to measure the reducing power of an 
antioxidants against the DPPH radicals. The reasons for 
the higher scavenging activity of GSE are the presence of 
phenolic compounds with the -OH functional group in the 
structure. The position of OH groups in the flavonoid 
molecules and their molecular weight also acts on their 
reducing power [3]. The obtained results showed that the 
DPPH antioxidant capacity of Pinot Noir seed extract was 
579.33 µM TE/g DW. Similar results were obtained by 
other authors [27, 30]. The lower DPPH values were 
obtained by Selcuk et al. [25] - 19.30 µmol TE/g in GSE 
of Calkarasi red grape variety, by Hassanpour et al. [28] - 
from 27.34 to 78.57 µmol TE/g in the GSE from 20 
different grapes, and by Rockebach et al. [14] - from 26.94 
to 169.25 µmol TE/g of GSE from six red grape varieties.        
The ABTS assay was also used to evaluate the antioxidant 
activity of the seed extracts. The results obtained show 
that GSE is a strong ABTS+• radical cation inhibitor - 
2203.50 µM TE/g DW (551.515 mg TE/g DW). Guaita 
and Bosso [26] obtained lower ABTS results for seed 
extracts of different red grape species 109 - 185 mg TE/g 
DW, but Ghouila et al. [23] obtained higher 3902 µM 
TE/g DW. Li et al. [24] received lower antioxidant 
capacity of seed extract from Cabernet Sauvignon - 673.5 
µM TE/g. Selcuk et al. [25] studied GSE of Calkarasi red 
grape variety and indicated also lower ABTS capacity - 
16.45 µmol TE/g. The comparison between our results 
and those obtained by other authors showed some 
differences. It is normal, because there is a difference 
between grape varieties, climate, geographical location, 
analytical methods that were applied, etc. The obtained 
results showed that the GSE from Pinot Noir grapes 
possess high total phenol content, flavonoids, 
procyanidins, which results in high antioxidant capacity.  
      Many publications described that GSEs possess also 
high antimicrobial activity [11]. The studding of GSE 
antimicrobial capacity and its use as natural preservatives 
has recently become an area of growing interest [13]. The 
antibacterial activity of different concentrations of Pinot 
Noir GSE is shown in Fig. 4.    
       

  
Fig. 4. Disc-diffusion method for evaluation of Pinot Noir 
grape seed antimicrobial activity with A) B. Subtilis NCTC 
8236 and B) B. cereus ATCC 10876 (zone of inhibition 1 – 
0.50 mg/mL extract, zone 2 – 0.25 mg/mL, zone 3 – 0.10 

mg/mL, zone 4 – 0.05 mg/mL and zone 5- control, 0.9% NaCI) 
The extract was tested against two-gram positive 

bacteria Bacillus cereus and Bacillus subtilis. The 
antibacterial effect of GSE was evaluated by measuring 
the zone of inhibition growth in mm surrounding the discs 
(Table 2). As the concentration of the extract increases, 
the degree of inhibition of bacterial growth increases. 
Both bacteria are sensitive  to the following extract 
concentrations – 0.50, 0.25, and 0.10 mg/mL. It was found 
that the grape seed extract has a higher antimicrobial 
effect against B. cereus compared to the B. subtilis. When 
extract applied with concentration 0.5 mg/mL, the zone of 
inhibition at B. cereus was 15 ± 0.25 mm, and at B. subtilis 
was 9 ± 0.22 mm. The antibiotic Ciprofloxacin (5.0 mg/L) 
was used as the positive control on a separate Petri dish. 
Table 2. Zone of inhibition of bacterial growth in mm, formed 

under the effect of Pinot Noir GSE (n=3) 

Test strains 
Concentration of Pinot Noir 

GSE, mg/mL 
Negative 
control, 

0.9% 
NaCI 0.50 0.25 0.10 

B. subtilis 
NCTC 8236 9.0±0.22 7.0±0.20 6.5±0.18 - 

B. cereus 
ATCC 10876 15.0±0.25 8.5±0.22 7.5±0.21 - 

B. subtilis NCTC 8236 - from National Collection of Type  
Cultures; B.Cereus ATCC 10876 – Collection of microorga- 
nisms of Department Biotechnology, University  “prof. d-r A. 
Zlatarov” Burgas, Bulgaria.  Bar indicates Mean ± SD (n = 3)  

The inhibition zone of this antibiotic concentration 
against B. cereus was 20.0 ± 0.25 mm and against B. 
subtilis 10.0 ± 0.22 mm. The antibiotic has a higher 
sensitivity than the GSE sensitivity. The results are in 
agreement with the report given by Jayaprakasha et al. 
[31]. Sofi et al. [18] described that GSE was more active 
against S. aureus and B. subtilis compared to E. coli. 
Memar et al. [32] indicated that the antimicrobial 
properties of grape seeds are due to the presence of 
protocyanidins. Silva et al. [1] announced that phenolic 
compounds have a high effect on bacteria, mainly because 
they cause structural or functional damage to the bacterial 
cell membrane. Many authors have reported that the grape 
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seed extracts are significantly more sensitive to Gram-
positive bacteria compared to Gramnegative bacteria [1, 
18]. This is due to the presence of a unique liposaccharide 
cell wall that the Gram-negative organisms have [31]. The 
obtained results presented that Pinot Noir GSE has a high 
content of procyanidins. The large number of hydroxyl 
groups in procyanidins inhibits bacterial adhesion and co-
aggregation, thus reducing biofilm formation and 
inflammatory processes.  

Procyanidins chelate metal ions [31, 32], especially 
iron and zinc, which are essential trace minerals for most 
microorganisms, and this results in inhibition of their 
growth. The obtained high values for the antioxidant and 
antimicrobial capacity are reliable indicators for the future 
application of the Pinot Noir extract as an antimicrobial 
and antilipid agent in food products. Obtaining this extract 
is economically advantageous, because the waste from the 
wine industry is utilized.   

4 Conclusion 
It was found that the extraction of Pinot Noir seeds using 
a magnetic stirrer, extraction time 3 hours, 70% aqueous 
ethanol solution provides good efficiency. The obtained 
extract possesses a high total phenolic content - 111.22 
mg GAE/mg, high total flavonoids - 51.50 mg QE/g, high 
procyanidins - 170.45 mg CE/g. The results showed that 
Pinot Noir seed extract has high antioxidant capacity (by 
DPPH method - 579.33 µM TE/g and by ABTS method 
2203.50 µM TE/g). The antibacterial activity of Pinot 
Noir seed extract was investigated against two-gram 
positive microorganisms Bacillus cereus and Bacillus 
subtilis. Results obtained in this study showed that 
uncolored Pinot Noir GSE has high antioxidant and 
antimicrobial capacity and this cheap natural source has a 
potential to be applied as appropriate inhibitor of 
oxidation processes (lipids and proteins) in food products.    
This study was funded by Bulgarian National Scientific 
Research Fund, Grant number КP-06-Н57/92021.  
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