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 Grapes are a rich source of phenolic compounds with high antioxidant,    
antibacterial, and nutritional properties among fruits. The aim of this         
study was to investigate different classes of phenolic compounds in the   
berry skin of eleven Vitis vinifera cultivars. The phenolic compounds        
were flavonols, flavanols, flavone, anthocyanins, stilbenes, and phenolic 
acids. The highest amounts of catechin, epicatechin, ferulic acid, and            
chlorogenic acid were observed in ‘Yaghooti’ grape cultivar (P≤0.05).      
However, the amounts of catechin gallat, kaempferol, myricetin, and p-    
coumaric acid in ‘Bidaneh Ghermez’ berries were higher (P≤0.05)                
compared to other cultivars. Quercetin was the main flavonol and was     
highest (9.48 μg g-1; P≤0.05) in ‘Yaghooti’ berries. Luteolin content, as   a 
flavone, ranged from 0.49 μmol g-1 in ‘Rishbaba’ berry skin to 0.88               
μmol g-1 in ‘Bidaneh Ghermez’. Delphinidin-3-glucoside and malvidin-3-
glucoside were highest in ‘Yaghooti’. Cyanidin-3-glucoside and peonidin
-3-glucoside were highest in ‘Angoor Siah.’ Petunidin 3-glucoside was       
highest in ‘Bidaneh Ghermez’ (P≤0.05). Berry skin resveratrol varied         
from 22.7 μg g-1 in ‘Monaqa and Fakhri’ cultivars to 54.8 μg g-1 FW in              
‘Bidaneh Ghermez,’ with an overall average of 36.9 μg g-1 FW. Among           
different cultivars, the antioxidant capacity of ‘Angoor Siah’ was highest 
(71.3%; P≤0.05) and ‘Monaqa’ was lowest. The ‘Angoor Siah’ cultivar       
had more antibacterial activity compared to other cultivars. In sum, the 
berry skin of ‘Yaghooti,’ ‘Angoor Siah,’ and ‘Bidaneh Ghermez’ showed        
the highest health-promoting bioactive compounds, potentially                         
important for future studies. 
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Introduction1 
Grapes belong to a group of temperate fruits, 
which have high nutritional qualities, and many 
by-products are produced from different parts of 
their berries. Grape berry skin and seeds are a 
rich source of phenolic compounds. The grape 
berry phenolic compounds are divided into two 
main groups, including flavonoids (i.e. flavonols, 
flavanols, flavone, and anthocyanins). They also 
include non-flavonoids (i.e. stilbenes and 
phenolic acids) which are synthesized through 
the phenylpropanoid pathway by phenylalanine 
ammonia-lyase (Dixon and Paiva, 1995; 
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Castellarin et al., 2012; Gouot et al., 2019; 
Asgarian et al., 2023). Due to their role in color, 
aroma, taste, and flavor properties, phenolic 
compounds are strongly associated with fruit 
sensory properties (Asgarian et al., 2022). Due to 
the antimicrobial, anti-carcinogenic, and anti-
inflammatory role of various phenolic 
compounds, these secondary metabolites have 
been the subject of many research cases related to 
human health (Ferrandino and Guidoni, 2010; Del 
Rio et al., 2013; Karimi et al., 2019). 
Different grape cultivars are different in terms of 
fruit color, sugar percentage, water content, 
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concentration of elements, phenolic compounds, 
and antioxidant capacity (Ferrandino and 
Guidoni, 2010; Gil-Muñoz et al., 2010). This 
difference in qualitative properties of cultivars is 
an opportunity to screen grapes based on their 
desirable characteristics and nutritional value 
(Karimi et al., 2017). The berry internal 
compositions of grapes usually vary depending on 
the cultivar, vineyard climate, light, temperature, 
viticultural operations, nutrition, irrigation 
management, pests, disease control, pruning, 
training practices, crop load, and berry 
development stages (Keller, 2015; Karimi et al., 
2019). 
The antioxidant activity of grape cultivars is 
related to phenolic compounds and carotenoids 
(Bunea et al., 2012; Castellarin et al., 2012). 
Phenolic compounds include flavonoids, 
flavonols, anthocyanins, and phenolic acids 
(Rockenbach et al., 2011). In contrast to pulp, the 
berry skin color is determined mainly by 
anthocyanins concentration in grape cultivars. In 
red grape cultivars, flavonoids and 
anthocyanidins are the two main phenolics, and 
catechin is their predominant flavonoid 
(Rockenbach et al., 2011; Castellarin et al., 2012). 
Due to their redox properties, phenolic 
compounds can act as hydrogen donors, reducing 
agents, and scavengers of reactive oxygen species 
(Mathew et al., 2015). In grape berry skin extract, 
phenolic compounds have antioxidant and 
antibacterial activity against different bacteria 
species (Xu et al., 2016). However, there are 
noteworthy differences in the content and type of 
phenolic compounds among different grape 
cultivars, which can affect the antioxidant 
capacity and antibacterial activity of the extract 
obtained from the skin of their berries (Teixeira 
et al., 2014). In previous research, the antioxidant 
activity, total phenol, anthocyanins, and 
polyphenol oxidase activity of several red grape 
cultivars were evaluated, and their antioxidant 
activities were determined (Orak, 2007). 
Previous research considered the phenolic 
content and antioxidant capacity of 14 Vitis 
vinifera cultivars, including seven white and 
seven red grape cultivars in Croatia. 
Based on their findings, total phenol and 
antioxidant capacity in red cultivars were more 
than in white cultivars (Katalinic et al., 2010). 
Recently, Farhadi et al. (2016) reported the 
antioxidant capacity and phenolic profiles in five 
grape cultivars. Their study showed a noteworthy 
variance in flavonoids, phenolic acids, and 
antioxidant capacity among berry skin and seeds 
of different cultivars. In the mentioned study, the 
berry skin extract of ‘Ghara Shani’ presented the 
highest total anthocyanin, total phenolic, and 

antioxidant activity (Farhadi et al., 2016). 
Moreover, the highest concentrations of gallic 
acid, catechin, epicatechin, and resveratrol were 
identified in the berry skin of GharaShani and also 
rutin in the berry skin of ‘Ghara Shira’ (Farhadi et 
al., 2016). In another work, the antioxidant 
capacity and phenolic profiles of 18 Chinese 
cultivars and several European and Muscadine 
grape cultivars were measured with HPLC (Xu, 
2010). Based on the results, a considerable 
difference was observed regarding the total 
phenols and total flavonoid content in the berry 
skin of all grape cultivars. Among them, the 
highest antioxidant capacity and total phenol 
content were found in ‘Cabernet Sauvignon’ and 
‘Muscadine’ berry seeds, while the highest 
phenolic contents were found in ‘Sangye’ and 
‘Black Pearl’ berry skin (Xu, 2010). Kedage et al. 
(2007) evaluated the phenolic compounds of 11 
Asian grape cultivars and reported that the 
amount of phenolic compounds correlated closely 
with berry color. 
Screening grape cultivars based on their bioactive 
molecule content is an important subject. To the 
best of our knowledge, this is the first study to 
consider the antioxidant capacities, antibacterial 
activity, and phenolic profile in individual 
commercial grape (Vitis vinifera L.) cultivars 
from Iran. Therefore, the objective of this work 
was to study non-flavonoids (phenolic acids and 
stilbene), flavonoids (flavanols, flavonols, flavone, 
and anthocyanidins), and antibacterial activity in 
eleven grape cultivars from Iran. 
 

Material and Methods 
Grape material 
In this research, eleven grape (Vitis vinifera L.) 
cultivars were considered. The plants were 5-
year-old own-rooted vines that grew in an 
experimental vineyard at Malayer University (lat. 
34° 28´ N, long. 48° 84´ E, alt. 1766 m), Iran. The 
vines were evaluated for phenolic compounds, 
antioxidant capacity, and antibacterial activity in 
2019 and 2020. The cultivars included ‘Angoor 
Siah’, ‘Yaghooti Ghermez’, ‘Fakhri Ghermez’, 
‘Bidaneh Ghermez’, ‘Sahebi Ghermez’, ‘Mirzaei 
Ghermez’, ‘Fakhri Sefid’, ‘Rishbaba Sefid’, ‘Monaqa 
Sefid’, ‘Lael Sefid’, and ‘Bidaneh Sefid’. These 
cultivars are commercially grown in different 
regions of Iran. Characteristics related to berry 
and ripening time differed per cultivar (Table 1). 
Vines were trained under a T-shaped trellis 
system, with a planting density of 2 × 3 m. Other 
viticulture operations such as irrigation, 
fertilization, pest and disease control, weed 
control, leaf pruning and cluster thinning were 
similarly applied on all cultivars. Grapes were 
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harvested at the commercial maturity stage with 
TSS=17 °Brix and transferred to a laboratory for 
further phytochemical analysis. All chemicals in 

the current work were of analytical grade 
(>99%). 

 
 

Table 1. Several berry characteristics and ripening time of the 11 grape (Vitis vinifera L.) cultivars in the current study. 

 
 

Phenolic compounds (non-flavonoids and 
flavonoids) 
The following phenolic compounds were 
analyzed in all grape cultivars: 1. non-flavonoids 
(1.1. phenolic acids: i. hydroxycinnamic acids i.e. 
caffeic acid, p-coumaric acid, ferulic acid, and 
chlorogenic acid; ii. benzoic acids i.e. gallic acid, 
vanillic acid and syringic acid and also 
dimethoxybenzoic acid i.e. veratric acid; 1.2. 
stilbene i.e. resveratrol) and 2. flavonoids (2.1. 
flavonoids: i. flavanols i.e. catechin, catechin 
gallat, epicatechin; ii. flavonols i.e. quercetin, 
myricetin and kaempferol; iii. flavone i.e. luteolin 
and iiii. anthocyanidins (delphinidin-3-O-
glucoside, cyanidin-3-O-glucoside, peonidin-3-O-
glucoside and petunidin-3-O-glucoside, malvidin-
3-O-glucoside).  
To measure anthocyanidins, 3 g of deep freeze-
stored berry skin were ground in liquid nitrogen 
and the obtained powders were boiled in 
hydrochloric acid (0.1 N) for 28 min, filtrated and 
then separated with ethyl acetate. The solution 
part was dissolved in water but the non-soluble 
portion was dissolved in 80% methanol 
(Koponen et al., 2007). The solution was filtered 
through a Millex HA 0.45 μm filter (Milipore 
Crop.) before injection to a high performance 
liquid chromatography (HPLC; Crystal 200 series, 
Unicam, Cambridge, UK) pump at 518 nm 

wavelength. 
Regarding other phenolic compounds, berry skin 
powder (1 g) was mixed with methanol (30 mL). 
The mixture was shaken (30 min) and sonicated 
in a water bath (20 min). The solutions were 
separated with ethyl acetate after filtration under 
room temperature. The remaining insoluble and 
soluble portions of homogenate were dissolved in 
80% methanol and water. They were filtered 
again through a Millex HA 0.45 μm filter 
(Millipore Crop.; Vekiari et al., 2008) before 
injection to a HPLC pump under room 
temperature (Koponen et al., 2007). The samples 
were subjected to ingredient separation in an 
HPLC pump with a UV-Vis detector and ODS 
column  (4.6 × 250 mm; HiChrom, USA) at 254 nm 
wavelength, with potassium di-hydrogen 
phosphate and ulterapure acetonitrile (80:20, 
v:v) at a flow rate of 1 mL min-1 as mobile phase. 
Methanolic stock solutions of the different 
phenolic acids and anthocyanidine standards (E. 
Merck) were prepared at concentrations of 0, 20, 
40, 60, 80, and 100 µg-1 mL. 
 

Total phenol 
To measure the amount of total phenol, 0.5 g of 
berry skin tissue was ground in 4 mL of methanol 
to obtain a homogeneous solution. After 20 min of 
centrifuge at 6000 rpm, 300 µL of a clear 

Time of 

ripening 

Berry 

size 

Berry 

shape 

Seed in 

berry  

Berry skin 

thickness 

Berry skin 

color 
Cultivar 

Medium Medium Circular Seedy low White Lael 

Late Medium  Elliptic Seedy low Red Sahebi 

Late Medium Elliptic Seedy Medium White Fakhri 

Medium Large Elliptic Seedy Medium White Rishbaba 

Late Medium Ovate Seedy low Red Mirzaei 

Medium Small Elliptic Seedless low White Bidaneh Sefid 

Medium Medium Ovate Seedy Medium White Monaqa 

Medium Small Elliptic Seedless low Red Bidaneh Ghermez 

Early Small Circular Seedless low Red Yaghooti 

Medium Medium Elliptic Seedy Medium Red Fakhri Ghermez 

Medium Medium Circular Seedy Medium Black Angoor Siah 
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methanolic supernatant extract was mixed with 
1000 µL of tenfold-diluted  Folin–Ciocalteu 
reagent solution (Velioglu et al., 1998). Five 
minutes later, 1000 µL of 7% sodium carbonate 
was also added to it. After 20 min storage in a dark 
cabinet, the absorbance of each sample was read 
with a spectrophotometer (Spekol 2000, 
Australia) at 765 nm. 
 

Total flavonoids 
To measure the amount of total flavonoids, the 
aluminum chloride colorimetric method was used 
(Chang et al., 2002). In this method, 0.1 mL of 
10% aluminum chloride was poured into a test 
tube, and 0.1 mL of potassium acetate (1 M) was 
added. Then, 2.8 mL of distilled water was added 
to each tube. In the last step, 0.5 mL of the berry 
skin extract solution was added to the mixture. 
The samples were placed in a dark environment 
for 30 min, and finally, the absorption of the 
samples were read at 415 nm by a 
spectrophotometer. The amount of total 
flavonoids for each extract was calculated as mg 
of quercetin per g of fresh weight (FW). 
 

Total anthocyanin 
To measure total anthocyanin content, 0.1 g of 
berry skin was ground in 10 ml of acidic methanol 
(methanol:hydrochloric acid, 99:1). The resultant 
berry extract was placed in a dark place for 24 h 
(Giusti and Wrolstad, 2001). Then, the 
spectrophotometric absorption of the samples 
was measured at 550 nm. Total anthocyanin 
quantification was calculated in relation to 
cyanidin-3-glucoside equivalents, calculated per 
FW (equation 1): 
[Total anthocyanin](mg g−1)  =  (A520 − A700)  ×
 MW ×  DF ×  1000/ Ɛ × 1              (1) 
where MW is the molecular weight of cyanidin-3-
glucoside (449.2 g mol-1), DF is the dilution factor 
and ε is the molar extinction coefficient of 
cyanidin-3-glucoside (26900 M 
cm-1). 
 

Antioxidant capacity 
Antioxidant capacity was measured using the 
DPPH (2, 2-Diphenyl-1-Picrylhydrazyl) method 
(Sanchez-Moreno et al., 1998). In this method, 0.5 
g of berry skin was homogenized with 4 mL of 
80% methanol and the resultant mixture was 
centrifuged at 6000 rpm for 15 min. Then, 100 µL 
of the supernatant solution was mixed with 3400 
µL of 0.5 mM DPPH solution and the resultant 
mixture was kept in the dark for 30 min. Their 
light absorption value was read at 517 nm. 
Radical scavenging capacity (RSC) was calculated 
via the following equation (2). In this regard, 

Ablank and Asample were the absorbance values 
of the control (DPPH solution) and sample, 
respectively. 
DPPH RSC (%)  =  [(A𝑏𝑙𝑎𝑛𝑘 −  A𝑠𝑎𝑚𝑝𝑙𝑒)/

A𝑏𝑙𝑎𝑛𝑘]  ×  100                                                    (2)      
 
Measurement of minimum inhibitory 
concentration (MIC)  
Berry skin extract MIC was measured according 
to the agar dilution method (Tantaoui-Elaraki et 
al., 1994). A gradient of berry skin extract 
concentration (0.05 to 10 mg mL-1) was prepared 
and mixed with Muller Hinton agar (MHA). 
Permeable millipore membranes (0.45 µm) were 
placed into the MHA and inoculated with 20 µL of 
each bacterial suspension (contained 
100 CFU/spot). The agar plates were incubated at 
38 °C for 20-40 h and evaluated for consequent 
bacterial growth on the millipore membranes. 
 

Experimental design and statistical analysis 
Data were analyzed using GLM procedures of SAS 
(9.2), and mean comparisons were calculated 
based on Duncan’s multiple range test (1% 
probability level). It should be noted that the 
present study was conducted in two consecutive 
years (2019 and 2020), but due to the non-
significance of the year effect in data analysis, the 
average of two years appears in the tables and 
figures.  
 

Results  
Flavanols content 
A significant difference (P≤0.05) was found 
among the different grape cultivars regarding 
berry skin flavanols, i.e., catechin, catechin-
gallate, and epicatechin (Table 2). The highest 
catechin content (P≤0.05) was related to 
‘Yaghooti’ cultivar, which was not significantly 
different from the ‘Bidaneh Ghermez’ cultivar in 
this respect (Table 2). Among the different 
cultivars, the lowest catechin content (P≤0.05) 
was measured in the skin of ‘Lael’ cultivar. The 
catechin-gallate content in the berry skin of 
‘Bidaneh Ghermez’ cultivar was more than in 
other cultivars, without a significant difference 
from ‘Angoor Siah’ cultivar. The lowest catechin-
gallate content (P≤0.05) was related to the ‘Lael’ 
cultivar, which did not show a significant 
difference with the ‘Bidaneh Sefid’ cultivar in this 
regard (Table 2). Among the different cultivars, 
the highest and lowest epicatechin content 
(P≤0.05) was related to the berry skin of 
‘Yaghooti’ and ‘Fakhri’ cultivars, respectively 
(Table 2). The average of all cultivars in terms of 
catechin, catechin-gallate, and epicatechin 
content was 1.7, 2.4, and 2.6 µg g-1 berry FW, 



Rahimi et al.,                                              Int. J. Hort. Sci. Technol. 2024 11 (2): 201-216 

 

205 

respectively (Table 2). 
Table 2. Berry flavanols concentration of 11 Iranian grape (Vitis vinifera L.) cultivars. 

Cultivars 

Flavanols 

(µg g−1 berry) 

Catechin Catechin gallate Epicatechin 

Lael 0.63± 0.23f 1.50 ± 0.00e 1.69 ± 0.24f 

Sahebi 1.49± 0.36d 2.39 ± 0.06cd 3.37 ± 0.10c 

Fakhri 1.20± 0.25de 1.90 ± 0.01d 2.49 ± 0.19de 

Rishbaba 1.93± 0.27bc 1.55 ± 0.01e 1.55 ± 0.17f 

Mirzaei 1.66± 0.35c 2.75 ± 0.09bc 2.79 ± 0.11d 

Bidaneh Sefid 1.70± 0.20c 2.19 ± 0.01d 2.19 ± 0.12e 

Monaqa 0.96± 0.18ef 1.64 ± 0.10e 1.39 ± 0.29f 

Bidaneh Ghermez 2.39± 0.19ab 3.54 ± 0.07a 3.48 ± 0.21c 

Yaghooti  2.62± 0.22a 3.03 ± 0.04b 3.68 ± 0.09a 

Fakhri Ghermez 2.21± 0.28b 2.58 ± 0.01c 2.75 ± 0.13d 

Angoor Siah 2.07± 0.17bc 3.40 ± 0.03a 3.54 ± 0.14a 

Mean 1.72 2.41 2.631 

Columns with similar letters are not statistically different (based on Duncan’s multiple-range 

test). Data are mean values of three replications ± SE. 

 
 

Flavonols content 
The quercetin content is an important indicator of 
flavonols in the berry skin. The ‘Yaghooti’ cultivar 
had the highest quercetin content (9.48 μg g-1 
berry FW) (P≤0.05) among other cultivars (Table 
3). The lowest quercetin content (P≤0.05) was 
observed in the berry skin of the ‘Fakhri’ cultivar 
(3.73 μg g-1 berry FW). The amount of kaempferol 
accumulation in ‘Bidaneh Ghermez’ cultivar 
showed a higher content (P≤0.05) compared to 
other cultivars, although it did not have a 
statistically significant difference with the 
‘Angoor Siah’ cultivar (Table 3). In the case of 
myricetin, it was found that ‘Bidaneh Ghermez’ 
cultivar accumulated more flavonols (P≤0.05) in 
its berry skin compared to other cultivars. The 
lowest amounts (P≤0.05) of kaempferol and 

myricetin were related to the ‘Lael’ cultivar. The 
average values of all cultivars in terms of 
flavonols, quercetin, kaempferol, and myricetin in 
the berry skin was equal to 6.71, 1.77, and 1.50 μg 
g-1 berry FW, respectively (Table 3). 

 

Flavone 
Luteolin content as an indicator of flavone (a type 
of flavonoid) was identified and measured in 
different grape cultivars using HPLC. As can be 
seen in Fig. 1, a significant difference (P<0.01)  
was observed among different grape cultivars in 
terms of luteolin content in the berry skin. The 
amount of this flavone ranged from 0.49 μmol g-1 
FW (‘Rishbaba’ cultivar) to 0.88 μmol g-1 FW 
(‘Bidaneh Ghermez’ cultivar), with an overall 
average of 0.64 μmol g-1 FW in the berry skin (Fig. 

https://en.wikipedia.org/wiki/Flavone
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1) . 
 

Table 3. Berry flavonols concentration in 11 Iranian grape (Vitis vinifera L.) cultivars. 

  

Column with similar letters are not statistically different (based on Duncan's multiple-range 

significance test, 1% level). Data are mean of three replications ± SE. 

 

 
Fig. 1. Berry luteolin concentration (as a flavone group of flavonoids) among different Iranian 

grape (Vitis vinifera L.) cultivars. Columns with similar letters are not statistically different (based 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

L
u

te
o

li
n

 (
µ

m
o

l 
g

-1
b

er
ry

)

Grape cultivars

a

b c
cc

cd d dde
e e

Cultivars 

Flavonols 

(µg g−1 berry) 

Quercetin Kaempferol Myricetin 

Lael 4.42 ± 0.35fg 0.96± 0.20g 0.88± 0.14f 

Sahebi 7.82 ± 0.12c 1.69± 0.15d 0.63± 0.17f 

Fakhri 3.73± 0.44g 1.20± 0.15f 1.17± 0.11e 

Rishbaba 5.92± 0.11e 1.58± 0.19de 1.45± 0.10de 

Mirzaei 7.59± 0.10cd 1.89± 0.23cd 1.31± 0.09de 

Bidaneh Sefid 6.65± 0.09cd 1.36± 0.12ef 1.66± 0.13cd 

Monaqa 4.80± 0.34f 1.27± 0.13f 0.97± 0.08a 

Bidaneh Ghermez 7.37± 0.22d 2.69± 0.13a 2.50± 0.12a 

Yaghooti  9.48± 0.20a 2.31± 0.15b 1.96± 0.14bc 

Fakhri Ghermez 7.76± 0.08c 2.03± 0.20bc 1.80± 0.15c 

Angoor Siah 8.30± 0.18b 2.44± 0.17ab 2.19± 0.11b 

Mean 6.71 1.77 1.50 
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on Duncan’s multiple-range significance test, 1% level). Data are mean values of three replications 
± SE. 

Anthocyanidin content 
Malvidin-3-glucoside and delphinidin-3-
glucoside contents in the berry skin of ‘Yaghooti’ 
were higher than in other grape cultivars. The 
lowest amounts of these two anthocyanidin 
(P≤0.05) monoglucosides were measured in the 
berry skin of the ‘Lael’ cultivar (Table 4). Among 
the different grape cultivars, the ‘Angoor Siah’ 
cultivar showed higher amounts of cyanidin-3-
glucoside and peonidin-3-glucoside (P≤0.05) in 
its berry skin. The lowest cyanidin-3-glucoside 

content (P≤0.05) was observed in the ‘Lael’ 
cultivar and the lowest peonidin-3-glucoside 
content (P≤0.05) was observed in the ‘Monaqa’ 
cultivar (Table 4). On the other hand, the highest 
and lowest petunidin 3-glucoside content 
(P≤0.05) was observed in ‘Bidaneh Ghermez’ and 
‘Lael’ cultivars, respectively. The average values of 
delphinidin-3-glucoside, malvidin-3-glucoside, 
cyanidin-3-glucoside, petonidin-3-glucoside, and 
peonidin-3-glucoside in the berry skin of different 
grape cultivars were 414, 204, 340, 501, and 901 
μg g-1 berry FW, respectively (Table 4). 

 
 

Table 4. Berry anthocyanidins concentration of 11 Iranian grape (Vitis vinifera L.) cultivars. 

Columns with similar letters are not statistically different (based on Duncan’s multiple-range 

test, 1% level). Data are mean values of three replications ± SE. 

 

Hydroxycinnamic acids 
In this study, four hydroxycinnamic acids were 
studied, including caffeic acid, p-coumaric acid, 
ferulic acid, and chlorogenic acid. The acids were 
identified and quantified using HPLC in grape 
berry skin. The hydroxycinnamic acid content, as 
an important group of phenolic acids in the berry 
skin, showed a significant difference (P≤0.05) 

among different grape cultivars (Table 5). The 
highest caffeic acid (P≤0.05) was related to the 
‘Monaqa’ cultivar, while in the berry skin of 
‘Bidaneh Ghermez’, the amount of this phenolic 
acid was lower (P≤0.05) compared to other 
cultivars (Table 5). Also, the p-coumaric acid 
content in ‘Bidaneh Ghermez’ was higher 
(P≤0.05) than in other cultivars, while the 

Cultivars 

Anthocyanidins 

(µg g−1 berry) 

Delphinidin-

3-glucoside 

Cyanidin-3-

glucoside 

Petunidin-3-

glucoside 

Peonidin-3-

glucoside 

Malvidin-3-

glucoside 

Lael 160± 12g 101± 12f 169± 32f 351± 23fg 633± 37g 

Sahebi 301± 28e 214± 14c 276± 36de 430± 35d 824± 32e 

Fakhri 188± 25fg 112± 17f 143± 37f 362± 19f 704± 20f 

Rishbaba 257± 29ef 146± 23de 252± 35e 441± 24d 892± 29d 

Mirzaei 404± 37d 200± 15cd 316± 22d 402± 20de 775± 32ef 

Bidaneh Sefid 288± 25e 186± 17d 230± 23e 386± 22ef 721± 30f 

Monaqa 204± 28f 123± 19ef 214± 38ef 320± 21g 661± 25a 

Bidaneh 

Ghermez 
680± 33b 302± 24ab 626± 37a 751± 38ab 114± 47b 

Yaghooti  797± 29a 285± 20b 501± 57b 686± 37b 131± 42a 

Fakhri Ghermez 552± 16c 231± 32c 444± 48c 573± 45c 982± 39c 

Angoor Siah 726± 43ab 341± 23a 572± 42ab 804± 37a 1272± 52a 

Mean 414 204 340 501 901 



Rahimi et al.,                                              Int. J. Hort. Sci. Technol. 2024 11 (2): 201-216 

 

208 

‘Sahebi’ cultivar showed lower p-coumaric acid 
content (P≤0.05) compared to the other cultivars 
(Table 5). 
The amounts of other hydroxycinnamic acids, 
including ferulic acid and chlorogenic acid, were 
highest (P≤0.05) in the berry skin of the 

‘Yaghooti’ cultivar, but were lowest (P≤0.05) in 
the ‘Monaqa’ cultivar. The average values of caffeic 
acid, p-coumaric acid, ferulic acid, and 
chlorogenic acid in the berry skin of all cultivars 
were 1.00, 1.31, 1.34, and 1.16 μg g-1 berry FW, 
respectively (Table 5). 

 

Table 5. Hydroxycinnamic acid concentrations in the berry skin of 11 Iranian grape (Vitis vinifera L.) cultivars. 

Cultivars 

Hydroxycinnamic acids 

(µg g−1 berry) 

Caffeic acid P-coumaric acid Ferulic acid Chlorogenic acid 

Lael 1.13± 0.08b 0.95± 0.06d 0.69± 0.05fg 0.60± 0.04g 

Sahebi 0.95± 0.07c 1.17± 0.08c 1.10± 0.05d 0.98± 0.07e 

Fakhri 0.84± 0.07c 1.20± 0.07c 0.91± 0.06e 0.92± 0.08e 

Rishbaba 1.20± 0.06b 1.66± 0.08c 1.17± 0.07d 1.19± 0.08d 

Mirzaei 1.26± 0.06b 0.44± 0.06f 0.75± 0.05af 0.74± 0.09f 

Bidaneh Sefid 1.34± 0.08ab 0.72± 0.06e 0.88± 0.06e 0.88± 0.08ef 

Monaqa 1.45± 0.07a 0.61± 0.07e 0.60± 0.06g 0.56± 0.05g 

Bidaneh Ghermez 0.54± 0.08d 2.46± 0.12a 2.44± 0.07a 1.52± 0.13c 

Yaghooti  0.69± 0.09cd 1.96± 0.09b 2.36± 0.05a 2.17± 0.10a 

Fakhri Ghermez 0.88± 0.05c 1.31± 0.09c 2.07± 0.09b 1.40± 0.11c 

Angoor Siah 0.77± 0.06c 1.92± 0.09b 1.80± 0.09c 1.79± 0.12b 

Mean 1.00 1.31 1.34 1.16 

Columns with similar letters are not statistically different (based on Duncan’s multiple-range 

test, 1% level). Data are mean values of three replications ± SE. 

 

Benzoic acids 
Another group of phenolic acids, including 
benzoic acids (hydroxybenzoic acid and 
dimethoxy benzoic acid), was measured in the 
berry skin of different grape cultivars. Based on 
the results (Table 6), a significant difference 
(P≤0.05) was observed among different cultivars 
in terms of the content of hydroxybenzoic acids, 
such as gallic acid, vanillic acid, and syringic acid 
in the berry skin. The gallic acid content was 
higher in the ‘Yaghooti’ cultivar (P≤0.05) 
compared to other cultivars. However, ‘Rishbaba’ 
had the highest vanillic acid and syringic acid in 
its berry skin (P≤0.05) (Table 6). The lowest 
gallic acid and vanillic acid contents (P≤0.05) 
were observed in the berry skin of the ‘Lael’ 
cultivar. The lowest synergic acid content 
(P≤0.05) was observed in the berry skin of the 
‘Monaqa’ cultivar (Table 6). 
There are few reports on veratric acid as a 

dimethoxybenzoic acid found in grape berry 
skins. However, in the present study, the amount 
of this dimethoxybenzoic acid in ‘Angoor Siah’ 
cultivar was higher compared to other grape 
cultivars (Table 6). However, the ‘Monaqa’ cultivar 
showed lower veratric acid content in its berry 
skin (Table 6). 
 

Resveratrol 
Resveratrol is the most important stilbene 
compound in grape berry skin, which can affect 
cultivar and environmental factors. In the current 
study, the amount of resveratrol in the berry skin 
of different grape cultivars varied from 22.7 μg g-
1 FW of berry skin in the ‘Monaqa’ and ‘Fakhri’ 
cultivars to 54.8 μg g-1 FW of berry skin in the 
‘Bidaneh Ghermez’ cultivar. It had an overall 
average of 36.9 μg g-1 FW of berry skin (Fig. 2). In 
general, the amount of stilbene in red grape 
cultivars, including ‘Bidaneh Ghermez’, ‘Yaghooti’, 
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‘Angoor Siah’, ‘Fakhri Ghermez’, ‘Mirzaei’, and 
‘Sahebi’, was more than in cultivars with green or 

yellow skins, such as ‘Bidaneh Sefid’, ‘Rishbaba’, 
‘Lael’, ‘Fakhri’, and ‘Monaqa’ (Fig. 2). 

Table 6. Benzoic acid concentrations in the berry skin of 11 Iranian grape (Vitis vinifera L.) cultivars.  

Cultivars 

Benzoic acids 

(µg g−1 berry) 

Hydroxybenzoic acids Dimethoxy-benzoic acid 

Gallic acid Vanillic acid Syringic acid Veratric acid 

Lael 0.47 ± 0.06d 0.22± 0.05g 0.96± 0.08g 0.55± 0.05d 

Sahebi 0.80± 0.05c 0.48± 0.03d 1.77± 0.08c nd* 

Fakhri 0.44± 0.06d 0.39± 0.03e 1.24± 0.06e 0.38± 0.04e 

Rishbaba 0.87± 0.07c 0.97± 0.02a 2.11± 0.05a 0.56± 0.06cd 

Mirzaei nd* nd* 1.07± 0.04f 0.47± 0.05d 

Bidaneh Sefid nd* 0.33± 0.04f 0.86± 0.07g 0.42± 0.05e 

Monaqa 0.35± 0.05e nd* 0.46± 0.07h 0.30± 0.03f 

Bidaneh Sefid 1.03± 0.07b 0.88± 0.03b 1.90± 0.05b 0.59± 0.07c 

Yaghooti  1.20± 0.04a 0.41± 0.03e 1.12± 0.06f 0.69± 0.07c 

Fakhri Ghermez 1.08± 0.05b 0.73± 0.04c 1.40± 0.04d 0.88± 0.06b 

Angoor Siah 1.12± 0.05ab 0.69± 0.03c 1.23± 0.05e 0.97± 0.04a 

Mean 0.82 0.57 1.28 0.58 

Columns with similar letters are not statistically different (based on Duncan’s multiple-range 

test, 1% level). Data are mean values of three replications ± SE. 

 

 
Fig. 2. Resveratrol concentrations in the berry skin of different Iranian grape (Vitis vinifera L.) 

cultivars. Columns with similar letters are not statistically different (based on Duncan’s multiple-
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range test, 1% level). Data are mean values of three replications ± SE. 

 

Total phenol, total flavonoid and total 
anthocyanin 
Based on the results (Table 7), a significant 
difference (P≤0.05) was observed among 
different cultivars in terms of total phenol, total 
flavonoid and total anthocyanin content of grape 
skin. The total phenolic content of cultivars varied 
from 5.57 mg g-1 berry FW in ‘Lael’ cultivar to 11.4 
mg g-1 berry FW in ‘Bidaneh Ghermez’ cultivar 
with a total average of 8.10 mg g-1 berry FW. 

Regarding the total flavonoid, the lowest and 
highest content (P≤0.05) was related to ‘Bidaneh 
Ghermez’ and ‘Rishbaba’ cultivars, respectively 
(Table 7). The average of total flavonoid was equal 
to 0.65 mg g-1 berry FW that varied from 0.41 to 
0.94 mg g-1 berry FW in different cultivars (Table 
7). The total anthocyanin content of the cultivars 
varied from 0.28 mg g-1 berry FW in the ‘Lael’ 
cultivar to 0.75 mg g-1 berry FW in the ‘Angoor 
Siah’ cultivar, with a total average of 0.47 mg g-1 
berry FW (Table 7).  

 
Table 7. Berry skin total phenol, total flavonoid and total anthocyanin of 11 Iranian grape (Vitis vinifera L.) cultivars.  

Cultivars Total phenol 

(mg g-1 FW) 

Total flavonoid 

(mg g-1 FW) 

Total anthocyanin 

(mg g-1 FW) 

Lael 5.57± 0.14f 0.47± 0.03g 0.28± 0.02f 

Sahebi 7.95± 0.14d 0.63± 0.02e 0.41± 0.01d 

Fakhri 6.32± 0.18e 0.47± 0.02g 0.30± 0.02f 

Rishbaba 6.39± 0.17e 0.41± 0.02h 0.40± 0.03d 

Mirzaei 9.73± 0.15c 0.71± 0.01d 0.42± 0.03d 

Bidaneh Sefid 6.22± 0.17e 0.54± 0.02f 0.36± 0.02de 

Monaqa 4.96± 0.13g 0.43± 0.03gh 0.30± 0.01f 

Bidaneh Ghermez 11.36± 0.14a 0.94± 0.01a 0.70± 0.02b 

Yaghooti  10.60± 0.18b 0.89± 0.02b 0.72± 0.02b 

Fakhri Ghermez 9.75± 0.15c 0.79± 0.16c 0.56± 0.02c 

Angoor Siah 10.29± 0.25b 0.89± 0.19b 0.75± 0.01a 

Mean 8.10 0.65 0.47 

Columns with similar letters are not statistically different (based on Duncan’s multiple-range 

test, 1% level). Data are mean values of three replications ± SE. 

 
 

Antioxidant capacity 
The antioxidant capacity of berry skin extract of 
different grape cultivars was measured using the 
DPPH method. Based on the results, different 
cultivars were significantly different (P≤0.05) in 
terms of antioxidant capacity (Fig. 3). The radical 
scavenging capacity of ‘Angoor Siah’ was higher 
(71.3%; P≤0.05) than in other cultivars, although 
statistically, it did not show a significant 
difference with ‘Yaghooti’. The lowest antioxidant 
capacity (30.4%; P≤0.05) was related to the 
berry skin of ‘Monaqa’ cultivar (Fig. 3). The 
average antioxidant capacity of different cultivars 
was 50.51% . 
 

Antibacterial activity 
In the current study, the antibacterial activity of 
11 grape cultivars was investigated based on their 
response to four bacterial strains, including 
Escherichia coli, Bacillus subtilis, Pseudomonas 
aeruginosa, and Staphylococcus aureus (Table 8). 
Based on the results, a significant difference was 
observed among different grape cultivars in terms 
of antibacterial activity. In response to the Gram-
negative bacteria E. coli, the highest minimum 
inhibitory concentration (MIC) index was related 
to the extract prepared from the berry skin of the 
‘Angoor Siah’ cultivar. Other cultivars, including 
‘Yaghooti’, ‘Fakhri Ghermez’, ‘Bidaneh Ghermez’, 
‘Sahebi’, ‘Fakhri’, and ‘Mirzaei’, had MIC values ≤ 
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10 µg mL-1 and ranked lower in terms of 
antibacterial activity (Table 8). 

 
 

 
Fig. 3. Berry antioxidant capacity (based on DPPH method) concentration among different Iranian 
grape (Vitis vinifera L.) cultivars. Columns with similar letters are not statistically different (based 

on Duncan’s multiple-range test, 1% level). Data are mean values of three replications ± SE. 

 
 
Regarding the gram positive bacteria B. subtilis, it 
was found that ‘Fakhri Ghermez’, ‘Angoor Siah’, 
Sahebi’, ‘Yaghooti’, and Bidaneh Ghermez’ 
cultivars had MIC values < 7µg mL-1 in the first 
group. Other cultivars were in the second group in 
terms of antibacterial activity. The highest and 
lowest antibacterial activity in response to this 
bacterial strain was related to ‘Fakhri Ghermez’ 
and ‘Fakhri’, respectively (Table 8). 
The antibacterial activity of the extract in 
different grape cultivars was measured based on 
their response to the gram-negative bacteria P. 
aeruginosa. A significant difference occurred 
among the cultivars in terms of antibacterial 
activity. Based on this strain, the highest 
antibacterial activity (MIC=1.25 µg mL-1) was 
related to the berry skin extract of the ‘Angoor 
Siah’ cultivar and the lowest antibacterial activity 
(MIC=32.2 µg mL-1) was related to the ‘Rishbaba’ 
cultivar (Table 8). 
Regarding the gram-positive S. aureus bacteria, 
the results showed that the skin extract of the 
‘Angoor Siah’ cultivar had MIC values < 8 µg mL-1 
and had the highest antibacterial activity, 
whereas the ‘Fakhri’ cultivar had an MIC value of 
244 µg mL-1 and showed the lowest antibacterial 
activity among the grape cultivars (Table 8). 
The overall average MIC values measured in 
response to the application of the skin extract of 
different cultivars in the four bacterial strains of 
E. coli, B. subtilis, P. aeruginosa, and S. aureus 
were 11.4, 28.2, 23.5, and 101.7 µg mL-1, 

respectively (Table 8). 
 

Discussion 
In this study, the profile of individual phenolic 
components, antioxidant capacities, and 
antibacterial activity of eleven grape cultivars 
were investigated. A significant difference was 
observed among all cultivars in terms of the 
content of bioactive compounds and antioxidant 
indices. The content of flavan-3-ols of catechin 
and epicatechin in the ‘Yaghooti’ and catechin 
gallate in ‘Bidaneh Ghermez’ and ‘Angoor Siah’ 
were higher than in other grape cultivars. In a 
relevant study, the phenolic profile and 
antioxidant capacities of berry skin and flesh of 
11 grape cultivars from a research farm in 
Southwest University of Chongqing, China, were 
studied. A significant difference was observed 
among the cultivars in terms of the content of 
phenolic compounds of the grape cultivars. 
According to the results, the highest amounts of 
kaempferol (541.2 µg g-1 FW) and catechin (67.7 
µg g-1 FW) were related to ‘Kyoho’. The highest 
amounts of total phenol (10.2 mg g-1 FW), 
antioxidant capacity (EC50=11.7 µg mL-1 based 
on DPPH radical scavenging capacity), rutin 
(262.3 µg g-1 FW), and epicatechin (45.5 µg g-1 
FW) were attributed to the berry skin of ‘Muscat 
Kyoho’ grape cultivar (Li et al., 2019). In the skin 
of grape berries, the amounts of two flavanols, 
catechin, and epicatechin, were much higher than 
epigallocatechin and epigallocatechin, although 
the total flavanols content was influenced by 
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grape variety (Gouot et al., 2019). The content 
and presence of flavan-3-ols in grapes mainly 
depends on the cultivar, soil, climate, and other 
viticultural practices (Sun et al., 2006). Also, in 
grapes berries the content of catechin, 
epicatechin, and epigallocatechin as the three 
main flavonols can be influenced significantly by 
cultivars and cultivation systems (Mehrpour, 

2021). The scenario for the flavonoid 
biosynthesis regulation through the 
phenylpropanoid pathway depends on the tree 
species and its genome structure of origin, which 
is affected by natural variation and tree 
domestication episodes (Cavallini et al., 2015).  
 

 
 

Table 8. Antimicrobial activity based on minimum inhibitory concentrations (MIC) in berry skins of 11 Iranian grape 
(Vitis vinifera L.) cultivars.  

Cultivars 

Minimum inhibitory concentrations (MICs) 

(µg mL-1) 

Escherichia 

coli 

Bacillus 

subtilis 

Pseudomonas 

aeruginosa 

Staphylococcus 

aureus 

Lael 16.8 42.22 16.8 211.1 

Sahebi 6. 5 54.8 6.45 64.5 

Fakhri 7.8 64.8 15.6 244 

Rishbaba 32.2 40.32 32.2 201.6 

Mirzaei 10.0 35.0 15 15 

Bidaneh Sefid 5.00 25.0 5 50 

Monaqa 31.2 31.2 9.7 195 

Bidaneh Ghermez 3.60 6.98 4.78 53.7 

Yaghooti  2.80 3.76 4.56 45.6 

Fakhri Ghermez 3.1 3.12 ˃312.5 31.2 

Angoor Siah 1.25 3.15 125 7.81 

Mean 11.38 28.21 23.51 101.77 

 
 
Different grape cultivars showed different 
responses in terms of the accumulation of 
flavonols (quercetin, kaempferol, myricetin) in 
their berry skin. In the current work, the content 
of quercetin in ‘Yaghooti’ and kaempferol and 
myricetin in ‘Bidaneh Ghermez’ were found to be 
highest among all grape cultivars herein. Castillo-
Munoz et al. (2007) investigated the profile of 
individual flavonols in seven varieties of red 
grapes and concluded that there is a significant 
difference between the varieties in terms of 
quercetin, kaempferol, and myricetin content. In a 
study, Mehrpour (2021) investigated the effect of 
cultivar and training system on the content of 
flavonols in two grape cultivars, ‘Bidaneh 
Ghermez’ and ‘Bidaneh Sefid’. In that study, the 
highest content of flavonols (quercetin, myricetin, 
and kaempferol) was related to the ‘Bidaneh 

Ghermez’ under the trellised system, and the 
lowest content of these phenolic compounds was 
related to the ‘Bidaneh Sefid’ under the non-
trellised system (Mehrpour, 2021). 
Quercetin, myricetin, and kaempferol, as three 
important flavonols (a group of colorless 
flavonoids), mainly accumulate in the berry skin, 
especially in colored skin grape cultivars (Gouot 
et al., 2019). During the ripening stage, flavonols 
accumulation in berry skin or seed to a great 
extent depends on the cultivar genetic 
background (de Silva et al., 2019), however, it can 
be affected to some extent by crop load 
(Gutiérrez-Gamboa et al., 2018) and viticultural 
operations (Liu et al., 2018). 
Among all studied grape cultivars, the content of 
luteolin was found to be highest in the ‘Bidaneh 
Ghermez’ berry skin. Luteolin is a 3'-
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hydroxyflavonoid compound and a 
tetrahydroxyflavone. This major flavone has a 
main role in human health as a bioactive 
compound with antioxidant, anti-inflammatory, 
and anti-cancer properties (Tsao, 2010). 
Flavones, especially in the form of aglycons or 
glycoside, have been identified and quantified in 
plants, however, except for luteolin, the amounts 
of other flavones in grapes are not significant 
(Fang et al., 2008). This is the first report of 
luteolin measurement in grape cultivars 
confirming the effect of cultivar and growing 
condition on the biosynthesis of this flavone in 
grapevine.  
In the present study, a significant difference 
(P≤0.05) was observed between different 
cultivars in terms of anthocyanidin content. The 
content of malvidin-3-glucoside and delphinidin-
3-glucoside in the skin of ‘Yaghooti’, cyanidin-3-
glucoside and peonidin-3-glucoside in ‘Angoor 
Siah’ and petunidin 3-glucoside in Bidaneh 
Ghermez’ were found to be highest among all 
studied grape cultivars. Recently, cultivars such as 
‘Cabernet Sauvignon’, ‘Shiraz’ (V. vinifera), Vitis 
labrusca (‘Bordô’), and hybrids (Niagara Rosada) 
were evaluated in high-growth rootstocks (Mota 
et al., 2009). Based on their results, ‘IAC 313 
Tropical’ has a greater ability to improve the 
concentration of anthocyanins and (poly) phenols 
in its berries compared to ‘IAC 572 Jales’ (Mota et 
al., 2009). Also, it has been reported that the 
content of anthocyanins (malvidin, delphinidin, 
pelargonidin, and cyanidin) in the ‘Bidaneh 
Ghermez’ cultivar is more than ‘Bidaneh Sefid’ 
cultivar (Mehrpour, 2021), which confirms the 
findings of the present study. The content of 
anthocyanins in berry skin is affected by several 
factors. The genetics of the variety and rootstock 
are one of the most influential factors on the 
profile of anthocyanidins in grape skin. However, 
the role of other factors such as degree of 
maturity and weather conditions, especially light 
intensity and temperature, training system, and 
viticultural operations on anthocyanin content is 
also of particular importance (Ferrandino and 
Guidoni, 2010). Under the same environmental 
condition and viticultural management, the 
profile of anthocyanins for each grape variety is 
relatively stable, which indicates that the absolute 
amounts of anthocyanins largely depend on the 
cultivar-based genetic background (Gil-Muñoz et 
al., 2010). The phenylpropanoid pathway is 
strongly controlled and regulated by a series of 
transcription factors and several protein families. 
The changes and mutual interaction of these 
regulatory protein complexes ultimately 
determine the expression level of genes related to 
the biosynthesis of phenolic compounds, 

especially anthocyanins, and proanthocyanidins 
in grape berries of different cultivars through the 
phenylpropanoid pathway (Koes et al., 2005; 
Cavallini et al., 2015). 
A significant difference (p < 0.01) was observed 
among different grape cultivars in terms of berry 
skin hydroxycinnamic acids, including caffeic 
acid, p-coumaric acid, ferulic acid, and 
chlorogenic acid. In a study, Mehrpour (2021) 
investigated the content of phenolic acids in two 
grape cultivars, ‘Bidaneh Ghermez’ and ‘Bidaneh 
Sefid’. In that study, the highest content of caffeic 
acid, p-coumaric acid, and ferulic acid was related 
to the ‘Bidaneh Ghermez’, and the lowest content 
of these phenolic acids was related to the 
‘Bidaneh Sefid’ confirming the result of the 
current study. Recently, Li et al. (2019) 
investigated the phenolic acid content of the berry 
skin of 11 native grape cultivars in Chongqing, 
China. Their study showed a significant difference 
in free gallic acid, caftaric acid, 3, 4, 
dihydroxybenzoic acid, vanillic acid, caffeic acid, 
syringic acid, and p-coumaric acid content among 
berry skins of 11 Vitis vinifera cultivars. The 
highest concentrations of gallic acid and 3, 4, 
dihydroxybenzoic acid, were found in ‘White 
Olympia’ berry skin, whereas the highest 
concentrations of caftaric acid, vanillic acid, 
caffeic acid, syringic acid, and p-coumaric acid 
catechin were found in ‘Moldova’, ‘Hutai-8’, 
‘Hakuho’, ‘Muscat Kyoho’, and ‘Kyoho’ grape 
cultivars, respectively (Li et al., 2019). These 
researchers concluded that the content of 
phenolic acids is strongly influenced by the 
variety, which confirms the findings of the present 
study. 
In the current work, the amounts of resveratrol in 
red grape cultivars, including ‘Bidaneh Ghermez’, 
‘Yaghooti’, ‘Angoor Siah’, ‘Fakhri Ghermez’, 
‘Mirzaei’, and ‘Sahebi’, were more than in cultivars 
with green or yellow berry skins. The obtained 
results were comparable with previous findings 
(Careri et al., 2003; Sun et al., 2006; Karimi et al., 
2019). In a relevant study, the resveratrol content 
of two grape cultivars was investigated, showing 
that the ‘Bidaneh Ghermez’ had more resveratrol 
content compared to the ‘Bidaneh Sefid’ cultivar 
(Mehrpour, 2021). According to Sun et al. (2006), 
there was no significant difference among grape 
cultivars ‘Tinta Roriz’, ‘Syrah’, and ‘Castelao’ in 
terms of berry skin resveratrol content (with an 
average of 20 mg Kg-1 of dry skin weight). The 
highest content of resveratrol was related to the 
'Cabernet Sauvignon' cultivar. The amount of 
resveratrol was highly dependent on the grape 
variety. However, viticultural operations, such as 
the use of training systems, can affect the amount 
of resveratrol biosynthesis (Karimi et al., 2019). 
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In the current study, the antioxidant capacity of 
‘Angoor Siah’ and ‘Yaghooti’ were significantly 
higher than in other grape cultivars. According to 
de Silva et al. (2019), cultivars and rootstocks 
strongly influence the antioxidant capacity of 
grapes and their by-products. Some polyphenols 
found in the skin and seeds of red grapes, such as 
catechin and epicatechin (flavan-3-ol), quercetin 
and its rutin glycoside (flavonols) and trans-
resveratrol, have antioxidant activity (Yilmaz and 
Toledo, 2004). It has been proven that these 
compounds due to their basic structure and other 
structural factors have strong antioxidant 
properties and exhibit important biological, 
pharmacological, and medical properties 
(Colombo et al., 2019). Indeed, different phenolic 
compounds have a high capacity to neutralize 
reactive oxygen species and chelate some metal 
ions due to their hydroxyl groups and their 
position in the phenol ring (Garrido and Borges, 
2013). 
Regarding the four bacterial strains, E. 
coli, B.subtilis, P. aeruginosa, and S. aureus, the 
highest MICs index was related to the extract 
prepared from the berry skin of the ‘Angoor Siah’ 
cultivar. Our results agree partially with previous 
studies of whole grape or grape pomace extracts 
that found antibacterial activity against both 
Gram-positive and Gram-negative bacteria (Nada 
et al., 2012; Xu et al., 2016). The antibacterial 
activities of four grape varieties (Cabernet Franc, 
Chambourcin, Vidal Blanc, and Viognier) from 
Virginia were investigated by Xu et al. (2016). 
Their study showed a significant difference in 
antibacterial activity against L. 
monocytogenes and S. aureus, but no 
antibacterial activity was detected against E. 
coli and S. typhimurium (Xu et al., 2016). 
Flavonoids are known to be synthesized in 
response to microbial infection by plants and can 
bind to bacterial cell walls (Cowan, 1999). 
Phenolic compounds bind to extracellular and 
soluble proteins and form complexes with 
bacterial cell walls, leading to the inactivation of 
bacteria (Puupponen-Pimia et al., 2001; Xu et al., 
2016). These antibacterial properties in the skin 
or other parts of the grape demonstrate that these 
natural compounds can replace synthetic 
antioxidants and antibacterial compounds to 
reduce concerns in food consumers and maintain 
their health. 
 

Conclusion 
Significant differences were found among the 11 
grape cultivars in terms of berry skin phenolic 
compounds profile, antioxidant capacity, and 
antibacterial activity. These findings confirmed 

that phenolics and their properties can be 
affected mainly by the cultivar-based genetic 
background. The highest amounts of catechin, 
epicatechin, and quercetin were related to the 
berry skin of ‘Yaghooti’. The amounts of catechin 
gallate, kaempferol, and myricetin in the ‘Bidaneh 
Ghermez’ cultivar were higher than in other 
cultivars. The amounts of delphinidin-3-glucoside 
and malvidin-3-glucoside in ‘Yaghootin’, cyanidin-
3-glucoside and peonidin-3-glucoside in ‘Angoor 
Siah’, and petunidin 3-glucoside in ‘Bidaneh 
Ghermez’ were higher compared to the other 
cultivars. The p-coumaric acid in ‘Bidaneh 
Ghermez’ and other hydroxycinnamic acids 
(ferulic acid and chlorogenic acid) were highest in 
the skin of the ‘Yaghooti cultivar. The amount of 
gallic acid in the berry skin of ‘Yaghooti’ was 
higher than in the other cultivars. ‘Rishbaba’ 
showed higher amounts of vanillic acid and 
syringic acid in the berry skin. Among different 
cultivars, the antioxidant capacity in ‘Angoor Siah’ 
was highest, but was lowest in ‘Monaqa’. Based on 
the MICs index, ‘Angoor Siah’ had more 
antibacterial activity compared to the other 
cultivars. The results of the current work revealed 
a considerable variation in berry skin phenolic 
compounds, antioxidant capacity, and 
antibacterial properties of 11 grape cultivars. The 
results of this study can be used as a guide for 
selecting cultivars with different amounts of 
phenolic compounds and antibacterial activity for 
fresh consumption and processing with the 
desirable cultivars.  
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