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Vitis vinífera L. is an important source of phenolic compounds, 
which can prevent disease if included as a part of a diet. In this study, 
table grape (Cardinal, Muscat, Italia, Gros noir and Red globe) and 
wine grape juices extracts (Cinsault, Merlot and Syrah) were 
regarded as studied subject and a reliable method was established to 
predict their polyphenol, flavonoid, flavonol, condensed tannin, 
hydrolysable tannin, anthocyanin, ascorbic acid and carotenoids 
contents. Their antioxidant capacity was determined by using DPPH 
and reducing power assays. Then chemometrics methods including 
principal component analysis (PCA) and hierarchical cluster analysis 
(HCA) were used to select the most significant and responsible 
characteristics for discrimination of grape varieties. Black grape 
extracts had significantly the highest concentration of ascorbic acid 
(from 10.09 ± 0.14 to 15.38 ± 0.42 mg/100g), carotenoids (from 
0.11 ± 0.01 to 0.58 ± 0.04 mg/100g), total phenols (from 1330.91 
± 9.24 to 1406.7 ± 10.7 mg/100g) and flavonoids (from 165.53 ± 
4.7 to 393.22 ± 30.36 mg/100g). Black grape extracts showed the 
highest antioxidant activity [IC50 varied from 26.44 ± 1.56 to 32.62 
± 0.66 mg/mL] followed by red ones [IC50 ranged from 69.56 ± 7.61 
to 80.62 ± 6.58 mg/mL]. Statistics analysis indicated that the levels 
of bioactive components and antioxidant activity were positively 
correlated. The PCA applied to the bioactive contents allowed a high 
degree of grape variety differentiation according to their antioxidant 
activity. These results showed that grape extracts, can be used in 
food and pharmaceutical industries as natural antioxidants agents.  
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INTRODUCTION 

Over the past decade the important roles of reactive oxygen species (ROS) 
and free radicals in cellular injury and diseases related to aging process, as well 
as health effects of natural antioxidants have been the object of many studies 
(Farhadi et al., 2016; Yakoubi et al., 2021a). It is proved that antioxidants 
compounds play an important role in preventing or inhibiting the generating of 
ROS in many biological systems, thus they are proven to have good effects on 
preventing the incidence of degenerative processes like cancer, cardiovascular 
disease, diabetes (Mirbagheri et al., 2018; Zhu et al,. 2019). 

Generally, antioxidants can be grouped into synthetic and natural species. 
Whereas, the synthetic antioxidants such as butylated hydroxyanisole and 
butylated hydroxytolune are commonly used as additive in food products to 
increase shelf life, natural ones are of greater benefit for human body in 
comparison to synthetic ones which were found to have undesirable secondary 
effects (Farhadi et al., 2016; Bendjedid et al., 2020). The use of synthetic 
antioxidants has been the target of safety concerns due to the possibility of toxic 
activities to consumer’s health. Studies reported that they can lead to negative 
implications, such as mutagenic and carcinogenic effects (Boeira et al., 2020). 
Recently, the importance of natural antioxidants to cure illnesses such as cancer, 
Alzheimer’s, and diabetes, either by inhibition of key enzymes implicated in such 
metabolic disorders, or scavenging of free radicals has attracted much research 
attention as nutritionists through the last 20 years (Benouchenne et al., 2022). 
Natural antioxidant compounds include vitamins, phenols, carotenoids, and 
flavonoids (Farhadi et al., 2016). Among the last group, flavanols, anthocyanins, 
flavonols, stilbenes and tannins are the most important (more than half of the 
total phenolic compounds) and exhibit substantial antioxidant activity (Van leeuw 
et al., 2014). 

Nowadays, with the current upsurge of interest in the efficacy and use of 
natural antioxidants, foods of plant origin have received much attention (Zeghad 
et al., 2019). Among them, various fruits and vegetables play an important role 
in human nutrition and health because of their nutritional properties and bioactive 
principles including phenolic compounds, vitamin C, vitamin E and β-carotene. The 
regular intake of them in our diet is associated with reduced risk of chronic 
diseases. Phenolic compounds are the main classes of natural antioxidant 
compounds in nature, especially those of fruits and vegetables (Zhu et al., 2019). 
The potential beneficial health effects attributed to the phenolic compounds 
showed a high correlation with antioxidant activity (Farhadi et al., 2016). 

Grapes (Vitis vinifera L.) are one of the large fruit crops cultivated in the 
Mediterranean area and are appreciated for their peculiar flavor and sensorial 
properties (Mollica et al., 2021). They contain several dietary constituents 
essential for human health such as fiber, carotenoids and vitamins (C and E), as 
well as bioactive phytochemicals including different phenolic compounds in leaves, 
skins, pulp and seeds which may show biological properties of interest, related to 
their antioxidant properties (Farhadi et al., 2016 ; Pardo-Mates et al., 2017).  
Furthermore, anthocyanins as one of the major groups of flavonoids, are 
exclusively present in the cell walls and vacuoles of grape skins, and are directly 
responsible for the red color in grapes (Kanha and Laokuldilok, 2014; Aubert and 
Chalot, 2018). 

Products made from grape berries such as wine and grape juice are all known 
to contain a diverse array of potent antioxidants in the form of phenolic compounds 
(Eshghi et al., 2014). Importantly, the composition in bioactives in grape and 
consequently in grape juice is mainly dependent on grape variety thus allowing 
their differentiation. Each variety has an individual phenolic composition (Van 
leeuw et al., 2014; Da silva et al., 2019). Red juice are considered to have more 
antioxidant effect than white and rose´ juice, due to their higher content in 
antioxidant substances released from the grape skin and pulp (Moreno-Montoro  
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et al., 2015). In view of this, evaluating such effect could be informative and 
useful.  

Although, several studies reported the major phenolic contents and 
antioxidant activities (Mirbagheri et al., 2018; Zeghad et al., 2019), but the 
available information on the detailed phenolics composition and antioxidant 
capacities from Algerian grape juices from different varieties is still scarce, 
hindering their valorization. The only work was carried out by Derradji-
Benmeziane et al. (2014) focusing on the study of antioxidants and antioxidant 
activity of table grapes those of the region with low viticultural activity EL-Tarf in 
the north-east of Algeria. This study represent one of the few attempts to measure 
the phenolic compounds content and antioxidant activity in native grape cultivars 
in our country and, consequently, in their juices. 

Taking into account that grapes composition seems to be related to food 
features such as variety, their classification need a statistical approach capable of 
interpreting patterns in multivariate data. Principal component analysis (PCA) and 
cluster analysis (CA) are the most commonly used multivariate analysis techniques 
to examine the entire data of various grapes and to classify them (Bari et al., 
2021). Thus, multivariate analysis might be useful for differentiated grapes, taking 
into account the type and concentration of the antioxidants as well as the 
antioxidant activity. 

Considering this background, the aims of this study comes within the 
antioxidants composition and antioxidant activity of grape juice of some table and 
wine varieties growing in the region of Tipaza, Algeria. As a first step, we were 
interested in the quantification of different antioxidants contained in the grape 
juices. As a second step, we studied their antioxidant activity in terms of the 
reducing power and the DPPH radical scavenging activity. To classify the samples, 
based on type and concentrations of antioxidant content, a multivariate analysis 
was finally applied using PCA followed by hierarchical cluster analysis (HCA). 

MATERIALS AND METHODS 

Grape sample and site description 

Our study carried out on eight different grape juices varieties (Vitis vinifera 
L.): black grapes (Gros noir, Cinsault, Merlot, Syrah), red grapes (Cardinal and 
Red Globe) and white grapes (Muscat and Italia) (Figure 1). These samples have 
been harvested at optimal maturity, during August 2019, from two daïra; 
Cherchell (Latitude: 36.6085, Longitude: 2.19718 36° 36′ 31″ North, 2° 11′ 50″ 
East) and Ahmer El Aïn (Latitude: 36.4782, Longitude: 2.56393 36° 28′ 42″ North, 
2° 33′ 50″ East) located in Tipaza region. These places were selected according to 
the following criteria: (i) the existence of a deep-rooted cultural tradition for the 
local consumption of the table and wine grape varieties; (ii) an intense cultivation 
and production of the different grape varieties used to prepare the drink; (iii) an 
easy differentiation, in terms of number and types, of the different grape varieties 
present in these places. The samples were clearly identified and the berries were 
manually separated and placed in clean, dry, rigid and hermitic containers until 
used. 
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Figure 1. Color appearance of the grape varieties examined in this study 
(Original). 
 
Sample preparation  

To prepare whole grape juice, an equal portion of fresh grapes from each 
variety was washed manually with a tap water. After removing the seeds, a 
blender (Retsch GM 200) composed of a cylindrical basket and an abrasive disc in 
the center was used to obtain the grape juice. The juice was centrifuged for 20 
min, the supernatant was then filtered through a filter and the filtered juices were 
kept at −18°C until preparing methanolic extracts the following day.  

Determination of vitamin C (Vit C) content  

The back titration method was used to determine the amount of vitamin C 
according to Pourmaghi-Azar and Ojani (1997). A known excess of diiodine in 
grape juice will react with the ascorbic acid until it is all consumed. The excess 
diiodine, which did not react with ascorbic acid will then be titrated with sodium 
thiosulfate solution Na2S2O3 (sodium thiosulfate pentahydrate,  99+ % extra pure, 
ACROS Organics™). Results were expressed as mg of vitamin C/100 mg of grape 
juice. 

Determination of total carotenoid content (TCC) 

The TCC was determined spectrophotometrically using the method described 
by Sass-Kiss et al. (2005). Briefly, 20 mL of mixed extraction solvents 
(hexane/acetone/ethanol, 2:1:1) was added to 10 g of fresh crushed grapes. After 
stirring for 30 min the upper phase was recovered. 10 mL of hexane was added 
for a second extraction. The mixture of the two hexane phases was used to 
determine the TCC at 480 nm. The quantification was estimated by reference to 
the calibration curve using β-carotene as standard; y = 6.21 x + 0.032, 
R2=0.998). Values were expressed in mg β-carotene equivalent per 100g of grape 
juice. 
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Methanolic extracts preparation  

Each crushed sample (10 g) was extracted by stirring with 20 mL of methanol 
into conical flasks until uniform consistency. The samples were then shaken for 24 
h at 4°C, and achieved extracts were filtered through a filter paper, and 
evaporated under vacuum to dryness and properly protected and stored in a fridge 
(4°C) until further analysis within a maximum period of one week. The extraction 
Procedure was repeated three times successively on the solid residues obtained 
by centrifugation at 3,000rpm/15min. 

Determination of phenolic compounds 

Total polyphenol index (TPI). The used method consist on measuring 
absorbance at 280 nm of grape juice treated with ethanol and hydrochloric acid 
and then diluted 100 times in distilled water (Delso et al., 2022) . A volume of 50 
g of grape juice was mixed with 15 mL of ethanol (95%) and 85 mL of HCl solution 
(37% diluted to 0.1% in distilled water). After maceration at room temperature 
for 1h, the grinding was filtered on glass wool. Subsequently, the filtrate was 
diluted to 1/100th with demineralised water which was used to determine the 
absorbance at 280 nm. TPI was estimated using the following formula:  

TPI(%) = DO280 ×100 × [(crusher weight + 100) / (crusher weight]   

Where 100 represent the volume of the solution added to the crusher 

Total phenolic content (TPC). The TPC of methanolic extracts was determined 
calorimetrically using the Folin Denis method (Singleton et al., 1999; Teow et al., 
2007). 0.5 mL of the methanolic extracts was diluted with 5 mL of distilled water, 
and then 0.5 mL of Folin–Ciocalteau 1 N reagent (50% v/v) was added. After 3 
minutes, 0.5 mL of sodium carbonate (20%) was added and the mixture was 
allowed to stand in the dark at room temperature for 1h. The absorbance of the 
reaction was measured at 765 nm. The TPC was calculated from the linear 
regression equation of standard curve of gallic acid (y = 6.67x + 0.0099, 
R2=0.999) and expressed as milligrams of gallic acid equivalent (GAE) per 100 g 
of extract (mg GAE/100g of extract). 

Total flavonoid content (TFC). The TFC was quantified applying the 
colorimetric method reported by Djeridane et al. (2006). 1 mL of the extract 
solution from each sample was added to 1 ml of 2% aluminum chloride solution 
(prepared in methanol). After 10 minutes of incubation at room temperature, the 
absorbance was read at 430 nm. The TFC was calculated from the linear regression 
equation of the standard quercetin curve (y = 6x + 0.0003, R2 = 0.997) and 
expressed as quercetin equivalents in milligrams per 100g of extract (mg QE/100g 
of extract). 

Total flavonol content (FLC). The content of these compounds was quantified 
using the colorimetric method reported by Djeridane et al. (2006). A volume of 
500 µL of extract was added to 500 µL of distilled water, 500 µL of aluminum 
chloride (2%) and 500 µL of sodium acetate (50 mg/L). After 30 min, the 
absorbance was read at 440 nm. The FLC was calculated from the linear regression 
equation of the standard rutin curve (y = 4.77x + 0.0024, R2=0.999) and 
expressed as rutin equivalents in milligrams per 100g of extract (mg RE/100g of 
extract). 

Total hydrolysable tannin content (THTC). The determination of total tannins 
was assayed using the spectrophotometric method according to Cayla et al. 
(2002). In an acidic medium, tannins were transformed to anthocyannins that 
after heating give a red pigment. 2 mL of the extract diluted to 1/50 was mixed 
with 3 mL of HCl (12 N) and 1 mL of ethanol (95%). When heated to 97°C and 
after 30 minutes of incubation, the absorbance of the obtained solutions was read 
at 550 nm. The THTC was calculated from the linear regression equation of 
standard curve of tannic acid (y=4.5x + 0.024, R2=0.998) and expressed as 
tannic acid equivalents milligrams per 100 g of extract (mg TAE/100g of extract). 
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Total condensed tannin content (TCTC). The analysis of TCTC was carried 
out using the spectrophotometric method according to Škerget et al. (2005). In 
the presence of the "butanol + iron sulphate" reagent, the tannins precipitate more 
or less quickly, depending on their condensation state (the less condensed 
compounds remain in solution). For that, 0.2 mL of extract solution was added to 
2 mL of iron butanol sulphate reagent and the mixture was incubated in a 95°C 
water bath for 20 minutes. The absorbance was measured at 530 nm. The TCTC 
was calculated from the linear regression equation of standard curve of catechin 
catechin acid (y=3.92x-0.09, R2=0.990) and expressed as catechin acid 
equivalent in milligrams per 100g of extract (mg CAE) /100g of extract). 

Total anthocyanin content (TAC) and total anthocyanin potential (TAP). The 
method was investigated according to the procedure described by Delso et al. 
(2022). A volume of 50 g of grape juice was mixed with 15 mL of ethanol (95%) 
and 85 mL of HCl solution (37% diluted to 0.1% in distilled water). After 
maceration at room temperature for one hour with a manual agitation of one 
minute every quarter of an hour, the grinding was filtered on glass wool. 
Subsequently, this filtrate was diluted to 1/20th with a 1% HCl solution and the 
absorbance at 520 nm was measured against a distilled water white under 1 cm 
of optical path. TAC and total TAP were estimated as follows: 

TAC (mg/L) = DO520 x 22.75 x 20 

Where: 22.75 is slope of the calibration line obtained from cyanidin -3-glucoside. 

TAP = Anthocyanins (mg/L) x 100 x [(grape juice weight +100)/ grape juice 
weight].  

The results were expressed as mg cyanidin-3-glucoside equivalent per 1Kg of 
extract. 

Determination of the antioxidant activity  

DPPH assay. The 2,2-diphenyl radical 1-picrylhydrazyl (DPPH) assay was 
determined by the method described previously (Molyneux, 2004). The DPPH 
scavenger effect assay based on the existence of natural phenolic compounds and 
their activity to donate a hydrogen ion to convert DPPH radicals from stable free 
radical (DPPH•) to non-radical (DPPH-H). This changing depends on the number 
of hydrogen atoms absorbed, which can be monitored spectrophotometrically by 
measuring the bleaching of DPPH• color from purple to yellow. So the loss of 
absorbance reflects radical scavenging activity. In this method, 2.9 mL of the 
DPPH• solution was mixed with 0.1 mL of each extract at different concentrations. 
After an incubation period (30 min) at room temperature in the dark, the 
absorbance was measured at 515 nm. The concentration of the sample reducing 
the initial absorbance of the DPPH solution by 50%, called the IC50, was 
determined from the curve of the percentages of inhibition obtained at different 
concentrations (mg/mL). Tannic acid and rutin were used as antioxidant standards 
to compare the activity. The free radical scavenging activity of the extracts, 
expressed as percent inhibition of DPPH, was calculated according to the formula: 

% inhibition of DPPH•= (Absblank – Abssample / Absblank) x 100  

Reductive power (RP).  The reducing power was performed according to 
the method of Oyaizu (1986), reported by Kumar et al. (2005). The reductive 
ability of methanolic extracts of grape juices was based on their ability to reduce 
ferric chloride/ferricyanide complex ions to the ferrous form. To perform the assay, 
1mL of each extract at different concentration was mixed with 2.5 mL of phosphate 
buffer (pH 6.6; 0.2M and 2.5mL of 1% Potassium ferricyanide (K3Fe (CN)6). After 
20 min of incubation at 50°C, 10% of trichloracetic acid was added to the mixture 
and centrifuged at 3,000 rpm. Then, 2.5 mL of distilled water and 0.5 mL of ferric 
chloride (0.1%) were added to 2.5 mL of the supernatant. After 10 min the 
absorbance was read at 700 nm and the results were expressed in mg gallic acid 
equivalent/g of extract (mg GAEA/g of extract). 

https://cmuj.cmu.ac.th/


 

Open access freely available online Nat. Life Sci. Commun. 2023. 22(3): e2023050 

 

7 Natural and Life Sciences Communications: https://cmuj.cmu.ac.th 

0

2

4

6

8

10

12

14

16

18

Cardinal Gros noir Italia Muscat Red Glob Cincault Merlot Syrah

V
it

 C
 a

n
d

 T
C

C
 m

g
/1

0
0

g

. Vit C . TCC

c

c,d

b

b

c

c

c

c,d

c

d

b

a a

c a a

Statistical analysis 

All the experiments were repeated tree times and the results were expressed 
as means ± SD. The obtained results were analyzed by ANOVA. Multiple group 
comparison was undertaken by ANOVA and Tukey’s test using XLSTAT 1.1.1089 
2021 software (P < 0.05). PCA and HCA were also performed with XLSTAT 
1.1.1089 2021 software to classify and discriminate among the grape cultivars. 

RESULTS 

Ascorbic acid and total carotenoid contents 

The results obtained for the vitamin C and carotenoid total contents of the 
analyzed juices were recorded in Figure 2. The vitamin C and carotenoid total 
contents were significantly different (P < 0.05) amongst the various extracts 
investigated in the present study. The trend observed showed that, the TCC and 
vitamin C content were higher in black grape varieties; They ranged from 10.09 
± 0.14 (Cardinal) to 15.38 ± 0.42 mg/100g (Syrah) for the vitamin C content and 
ranged from 0.11 ± 0.01 (Red Glob) to 0.58 ± 0.04 mg/100g (Syrah) for TCC. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Vitamin C and total carotenoids contents of grape juices 
extracts. Values are expressed as Mean ± SD (n=3). The data shown in different 
characters in the same column indicate statistically significant differences  
(P < 0.05). 
 
Phenolic compounds content 

The TPI and TPC of grape juice extracts are presented in Figures 3 and 4. 
For the black grape extracts, the TPI was higher and near in all extracts, especially 
for Merlot and Cinsault extracts (145 ± 14 and 146 ± 21%, respectively). 
Concerning red grape extracts, the Cardinal showed a high TPI (119.75 ± 13%) 
followed by the Red Globe (104.00 ± 14%). However, for the Muscat and Italia 
white varieties, the percentage of TPI was the lowest and closest in the two 
extracts comparing to other varieties (112. 91 ± 19 and 97.50 ± 3%, 
respectively). 
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Figure 3.  Total polyphenols index of grape juices extracts. Values are 
expressed as Mean ± SD (n=3). The data shown in different characters in the 
same column indicate statistically significant differences (P < 0.05). Basic concept 
of Raman spectroscopy 
 

Furthermore, TPC of grape extracts varied between varieties and ranged 
from 347 ± 5.84 (Red glob) to 1406.7 ± 10.7 mg100g (Gros noir). Among 
varieties, black grape extracts had the higher phenolic amount (>900 mg/100g) 
than white one (Muscat and Italia with content of 452.78 ± 5.8 and 442.70 ± 3.02 
mg/100g, respectively). Red Globe presented only 347 ± 6.84 mg/100g. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Total polyphenols contents of grape juices extracts. Values are 
expressed as Mean ± SD (n=3). The data shown in different characters in the 
same column indicate statistically significant differences (P < 0.05). 

The results obtained for TFC, FLC, THTC and TCTC are presented in  
Figure 5. We noted that the total flavonoid content of the analyzed extracts varied 
with the cultivar and ranged from 49.58 ± 5.72 (Italia) and 393.22 ± 30.36 
mg/100g (Gros Noir). However, black grape extracts have the highest amount of 
flavonoids (165.53 ± 4.7-393.22 ± 30.36 mg/100g) followed by red grape 
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extracts (67.60 ± 8.37-145.32 ± 15.86 mg/100g), while white grape extracts 
have shown the lowest values (49.58 ± 5.72-64.92 ± 8.37 mg/100g). As regards 
flavonols, the results showed significant differences (P < 0.05) between all the 
studied extracts. The Gros noir variety presented considerably higher flavonol 
content (106.56 ± 3.46 mg/100g) than the rest of the varieties, and the Red glob 
variety showed the lowest content (13.16 ± 2.92 mg/100g).  

 

Figure 5. Total flavonoid, total flavonol, and total hydrolysable and 
condensed tannin contents of grape juices extracts. Values are expressed 
as Mean ± SD (n=3). The data shown in different characters in the same column 
indicate statistically significant differences (P < 0.05). 

 
By considering the results contained in Figure 5, THTC and TCTC were 

concentrated differently according to variety (P < 0.05). THTC ranged from 15.48 
± 0.77 for Red glob variety to 209.28 ± 7.9 mg/100g for Gros noir variety and 
TCTC from 11.07 ± 0.51 for Red glob to 26.76 ± 0.25 mg/100g for Syrah variety. 
Among varieties, the results showed that THTC and TCTC were found being usually 
more abundant in black grape extracts than in red and white ones. However, in 
Red glob variety, THTC and TCTC exhibited the lowest concentration compared to 
the other varieties 

The total anthocyanin potential and anthocyanin content of the grape 
extracts obtained are presented in Figure 6. As can be seen, the TAP and TAC 
varied widely among the grape varieties, ranging from 54.30 ± 1.31 (Italia) to 
1455.9 ± 4.13 mg/Kg (Syrah) and from 1.81 ± 0.04 to 48.53 ± 1.80 mg/100g, 
respectively, for the same grape varieties. Consequently, it is notable that all 
varieties showed similar proportions of the TAC, although Muscat and Italia 
extracts stood out because of its relatively low percentage of these compounds. 
Similarly, Syrah stood out for its high anthocyanin contribution to total 
anthocyanin. For the TAP, it was insufficient for the Italia, Muscat, Red Glob, 
Cinsault and Cardinal varieties with values of 54.30 ± 1.31, 81.60 ± 2.40, 358.71 
± 9.92, 412.21 ± 12.31 and 462 ± 28.61 mg/Kg respectively; it was average for 
the Merlot variety with 731.11 ± 2.66 mg/Kg, and excellent for the Gros Noir and 
Syrah varieties with values of 1353.6 ± 8.6 and 1455.9 ± 5.13 mg/Kg 
respectively. 
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Figure 6. The total anthocyanic potential and anthocyanins contents of 
the grape juices extracts. Values are expressed as Mean ± SD (n=3). The data 
shown in different characters in the same column indicate statistically significant 
differences (P < 0.05). 

 
Antioxidant activity 

The results of the antioxidant activity using DPPH and reducing power assays 
are given in Table 1. The inhibition percentage of the radical DPPH and the IC50 
values of the analyzed extracts ranged between 11.67 ± 1.60 (Italia) and 65.39 
± 3.76% (Gros noir) and between 26.44 ± 1.56 (Gros noir) and 149.78 ± 13.44 
mg/mL (Italia), respectively. It is worth noting that at a concentration lower than 
60 mg/mL, black grape varieties showed the highest capacity to scavenge the 
DPPH radical with close IC50 values followed by red grape varieties. Whereas white 
grape varieties, which had lower polyphenol content, displayed the lowest DPPH• 
inhibition and the highest IC50 value so that the weakest antioxidant capacity 
requiring a concentration higher than 100 mg/mL. However, it should be born in 
mind that the scavenging activity of DPPH radical obtained for the two flavonoids 
"rutin and tannic acid" is comparable to that observed in the black grape extracts. 
In reducing power, the antioxidant activity of black grape varieties ranged from 
14.38 ± 1.38 (Cinsault) to 16.65 ± 0.44 mg/g (Gros noir), which is higher reducing 
power when compared to white varieties (Muscat and Italia: 9.96 ± 1.27 and 9.84 
± 1.16 mg/g, respectively). Red grape varieties (Cardinal and Red Glob) tend to 
have an intermediate reducing power of 12.28 ± 0.96 and 10.26 ± 0.63 mg/g, 
respectively).  

Table 1. Antioxidant activity of the different studied extracts. 
 
Varieties 

Antioxidant activity 
Reducing power (mg/g) DPPH  % IC50 (mg/mL) 

Cardinal 12.28 ± 0.96bc 25.00 ± 2.73c 69.56 ± 7.61b 

Gros noir 16.65 ± 0.43a 65.39 ± 3.76b 26.44 ± 1.56a 

Italia 9.84 ± 1.16c 11.67 ± 1.60d 149.78 ± 13.44d 

Muscat 9.96 ± 1.27c 16.60 ± 2.94cd 106.05 ± 10.15c 

RedGlob 10.26 ± 0.63c 21.60 ± 2.53cd 80.62 ± 6.58b 

Cinsault 14.38 ± 1.38ab 52.89 ± 1.08b 32.62 ± 0.66a 

Merlot 15.59 ± 1.45a 53.43 ± 5.70b 32.53 ± 3.54a 

Syrah 15.99 ± 1.51a 56.49 ± 3.87b 30.63 ± 2.12a 

Tannic acid  - 83.82 ± 2.21a 20.58 ± 0.54a 

Rutin - 77.11 ± 4.65a 22.42 ± 1.32a 
Note: Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically   
significant differences (P < 0.05). 
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Chemometric analysis 

Investigation of the correlation between the measured trails of the samples 
was analyzed by means of the PCA (Figure 7) to identify the factors influencing 
each one. The position of each variable in the loading plot describes its relationship 
with the other variables. Variables that are close to each other have high 
correlations. The PCA accounted 82.90% of the total variance (89.72%) on the 
first axis while the second axis accounted 6.81%. The first PCA circle identified the 
studied variables (Figure 7a). As can also be seen in Figure 6, most of the 
information of the dataset is in the first axis explaining the positive correlations; 
including antioxidants, reducing power and DPPH assays. The IC50 value of the 
DPPH radical had an obvious contrast with the measured variables (distributed on 
the axis 2). The antioxidant activity of the studied methanolic extracts had good 
linear correlations with the levels of phenolic compounds, flavonoids, carotenoids 
and vitamin C with respective r² correlation coefficients of 0.887, 0.859, 0.749 
and 0.802 for the reducing capacity and 0.940, 0.894, 0.729 and 0.810 for the 
DPPH assay (Table 2). Unlike the composition in antioxidants, the IC50 values of 
DPPH were negatively correlated with the antioxidants contents.  

 

 

 

   

 

 

 

 

 

Figure 7. The distribution and correlation between the studied variables 
(a). Plot of the principal component analysis (b) performed on all varieties 
based on different phytochemical compounds analyzed in juices extracts 
of five Algerian grape varieties and their antioxidant activity (DPPH and 
reducing power). 
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The PCA based on all the traits evaluated showed a high variation among 
varieties. As indicated in the loading plot (Figure 7b), the plot according to axes 1 
and 2 (66% of the total variation) revealed three groups of grape variety 
aggregates. The Gros noir and Syrah grape varieties formed the first group on the 
positive side of axis 1. The second group, on the positive side of the same axis, 
includes the Merlot and Cinsault grape varieties. The remaining varieties  
(Italia, Muscat, Red glob and Cardinal) formed the third group on the negative 
side of axis 1. 

Table 2. Correlation coefficients between the studied variables on studied grape juices extracts. 

Variables vit C TCC TAC TAP TPC THTC TFC FLC TPI RP DPPH TCTC IC50 

vit C 1             

TCC 0.840 1            

TAC 0.696 0.810 1           

TAP 0.696 0.810 1.000 1          

TPC 0.758 0.762 0.875 0.875 1         

THTC 0.672 0.717 0.896 0.896 0.970 1        

TFC 0.638 0.683 0.926 0.926 0.948 0.986 1       

FLC 0.517 0.616 0.874 0.874 0.915 0.960 0.965 1      

TPI 0.514 0.593 0.853 0.853 0.895 0.879 0.893 0.896 1     

RP 0.802 0.749 0.833 0.833 0.887 0.860 0.859 0.822 0.751 1    

DPPH 0.810 0.729 0.835 0.835 0.940 0.911 0.894 0.841 0.812 0.939 1   

TCTC 0.761 0.684 0.684 0.684 0.903 0.899 0.839 0.792 0.691 0.801 0.878 1  

IC50 -0.728 -0.636 -0.764 -0.764 -0.801 -0.808 -0.792 -0.749 -0.667 -0.861 -0.918 -0.756 1 

Note: Values in bold are different from 0 at a significant level alpha =0.05 

 
 

To evaluate the likely similarities and relationships among and within the 
grape extracts studied, HCA was performed based on the antioxidant contents. 
The HCA results are presented in the form of a dendrogram in Figure 8. This 
analysis provided a better understanding of the distribution of antioxidants in 
grape varieties, suggesting a diverse chemical composition. The dendrogram 
based on the Euclidean distance matrix grouped the varieties into three groups 
already identified by the PCA and four subgroups. The first group which includes 
Gros noir and Syrah varieties is the most distant in the dendrogram. The 
distinction of this population is predetermined by the highest level of antioxidant 
content. Cinsault and Merlot were classified in the second group. Based on the 
anthocyanins and tannins contents, this group was further divided into two 
subgroups. The first comprised Cinsault variety the high content of which was 
anthocyanins (145.38 mg/100g). Finally, Merlot variety with higher quantity of 
tannins (24.37 mg/100g) than Cinsault variety (13.74 mg/100g) was assigned to 
the second subgroup. The third group consisted of the four accessions of Italia, 
Muscat, Red glob and Cardinal varieties; all contained a moderate amount of 
antioxidant content. In this group, Cardinal and Red Glob varieties were separated 
from the Italia and Muscat varieties of their exceptionally high level of 
anthocyanins content with respective values of 15.4 and 13.74 mg/100g for the 
first sub-group and 2.72 and 1.81 mg/100g for the second one. 
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Figure 8. The hierarchical cluster analysis dendrogram of the grape extracts 
by the total bioactive contents. 

DISCUSSION 

Grapes are known as a source of vitamin C in the dietary intake (Derradji-
Benmeziane et al., 2014). The results obtained for the vitamin C content of the 
analyzed juices were quite different from the reported literature of identical and 
different geographical origins. Results for cardinal, Muscat and Gros noir varieties 
with respective rates of 10.09 ± 0.14, 10.84 ± 0.14 and 13.03 ± 0.96 mg/100g 
were slightly lower than those found by Derradji-Benmeziane et al. (2014) with 
respectively 13.20, 14.08 and 30.80 mg/100g for the same varieties grown in El 
Taref "Algeria". In addition, results a study by Dani et al., (2007) indicated content 
ranging from 4.4 to 57.2 mg/100 mg for Canadian white and red grape juices from 
organic or conventional.  

Carotenoids are one of the main groups of plant-based pigments present in 
nature. These compounds are widely distributed in fruits and vegetables with 
colors ranging from yellow to intense red (Aguirre-Joya et al., 2020). They have 
commercial value because of antioxidant property, brilliant colors and health 
promoting factors (Saini et al., 2018). Derradji-Benmeziane et al. (2014) reported 
higher levels for cardinal, muscat and Gros noir varieties with 0.87, 1.47 and 1.49 
mg/100g, respectively, compared to the results of our study with 0.15 ± 0.02, 
0.18 ± 0.01 and 0.37 ± 0.04 mg/100g for the same grape varieties. However, 
previous studies have reported various ranges of carotenoid content in different 
grape varieties. For instance, Erbaluce, Barbera and Nebbiolo were previously 
reported to have 0.11, 0.91 and 0.4 mg/100g, respectively (Giovanelli and 
Brenna, 2007).  

Phenolic compounds are of particular interest since they define organoleptic 
characteristics such as flavor, color, and astringency of fruits and vegetables. 
Phenolic compounds are mainly divided into phenolic acids and polyphenols 
(Aguirre-Joya et al., 2020; Mollica et al., 2021). However, the overriding class of 
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biologically active compounds in grapes is polyphenols involving stilbenes, 
proanthocyanidins and the most plentiful biologically-active phytonutrients, 
flavonoids) and they are known for their potential contribution to human health 
through great antioxidant activity (Pavić et al., 2019). One of the parameters that 
allow estimating phenolic maturity is the determination of the total polyphenol 
index (TPI). The results obtained for this parameter are in correlation with the 
previous study by Rajha et al. (2017) on the monitoring of phenolic maturation of 
the Syrah and Merlot grapes of KSARA-Bekaa-Lebanon. The high TPC of the black 
grape extracts is not surprising since this content has already been documented 
for the Lebanese black grape extracts «Syrah and Merlot» (Bozan et al., 2008; El 
darra et al., 2012). However, the TPC results for Cardinal, Muscat and Gros noir 
were different from those of Derradji-Benmeziane et al. (2014) and Tounsi et al. 
(2009) which reported moderate amounts of phenol. In addition, TPC values in 
the ethanolic extracts of the Cardinal and Red globe cultivars reported in the 
Komutiban et al. (2018) study were even higher than those reported in this study. 
Clearly, the TPC values in the mentioned study (Komutiban et al., 2018) are not 
fully comparable to ones presented in this paper due to different cultivars and 
solvent composition. Yang et al. (2009) in their work on 14 grape varieties in the 
Finger Lakes region of New York State found values ranging from 201.1 to 424.6 
mg /100g. 

The TFC of the analyzed extracts varied with cultivar. These findings were 
consistent with previous work (Tounsi et al., 2009; Derradji-Benmeziane et al., 
2014) which noted that the TFC varied by variety. However, these authors showed 
that the TFC of muscat, Gros noir and cardinal extracts was moderate and lower 
than that found in this study. In addition, the literature data (El darra et al., 2012) 
are in accordance to the mentioned TFC for Syrah and Merlot extracts. Regarding 
FLC, the results obtained are consistent with other studies (El darra et al., 2012) 
which showed the richness of the Syrah and Merlot varieties in flavonols. 
Nevertheless, these results were higher than the report of Guerrero et al. (2009) 
on five red grape varieties grown in Andalusia «Spain» with levels varied between 
22.1 and 53.8 mg/100g of berries. Moreover, the results of THTC and TCTC were 
consistent with those of Bordiga et al. (2011) and the study of Tounsi et al. (2009) 
except Muscat variety. Surprisingly, Muscat, known as poor in polyphenol, had 
high content of condensed tannin and even higher than Syrah. However, other 
research has shown that these compounds take on variable values depending on 
the grape varieties (Carando and Teissèdre, 1999; Aubert and Chalot, 2018; 
Iglesias-Carres et al., 2018). 

Considering the results of anthocyanins, the same observation was shown 
with Italian grape varieties (Bordiga et al., 2011) where black grapes were 
reported to have higher amounts of total anthocyanin than white ones. Instead, 
the anthocyanin content of Syrah and Merlot varieties seemed to be coherent with 
those measured by other authors (Mattivi et al., 2006; El darra et al., 2012). 
Several factors can influence the polyphenol and flavonoid contents. One such 
factor may be the genetic potential of individual species for polyphenol 
biosynthesis (Tounsi et al., 2009). Apart from the genetic (varietal) background, 
the environmental factors (light, water deficit and higher diurnal temperature 
differences) (Li et al., 2014), the cultural practices adopted in the vineyard, the 
climatic conditions of the region and even the maturation stage of the grape at 
harvest moment (Da silva et al., 2019) may also be critical in this respect. 

In term of DPPH-scavenging potential, the methanolic extracts of black 
varieties exhibited the highest activity in comparison with the other extracts and 
closer activity to that of rutin and tannic acid. This finding was observed by Beara 
et al. (2017) who recorded a higher antioxidant activity for black grape juices 
produced in Serbia (Cabernet Sauvignon, Frankovka and Merlot varieties) 
compared to red (Muscat Hamburg) and white grape juices (Italian Riesling, 
Chardonnay and Sila), respectively. Meanwhile, the scavenging activity of the 
studied grape extracts against DPPH radical was alike to those obtained for the 
Pinot Noir grape juices from South Island (Leong et al., 2016). Similar data were 
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also reported by Komutiban et al. (2018) who found that Cardinal and Red globe 
extracts from Thailand have remarquable DPPH scavenging activity, but discarded 
with those founded by El darra et al. (2012) who reported slightly higher inhibition 
percentages of Syrah, Merlot, Cabernet franc and Cabernet Sauvignon extracts 
grown in Lebanon. In the same context, it was observed that Muscat, which had 
lower total polyphenol content, had a high DPPH scavenging activity, but the 
extract from Syrah, with much higher polyphenolic content, had considerably the 
lower activity (Tounsi et al., 2009). On the other hand, the results of reducing 
power are in good agreement with those found by Derradji-Benmeziane et al. 
(2014) in their study on antioxidant activity of Muscat and Gros noir from El-Tarf 
region and with those found by Samoticha et al. (2017) for the reducing power of 
Pinot noir grape juices collected from Poland. Unlike, the reported reducing power 
ability of methanol extracts for Muscat in this study were higher than previously 
reported in Thailand publication (Tounsi et al., 2009). In the mentioned 
publication, the IC50 value of reducing power of methanol extracts for Muscat was 
lower than that of Syrah (Tounsi et al., 2009). As far as we are concerned there 
are no studies reporting the antioxidant properties of all studied samples collected 
from Tipaza, Algeria. 

Considering results of antioxidant activity, the presence of phenolic and 
flavonoid compounds in grape extracts showed good linear correlations with the 
antioxidant power. This is confirmed by the findings of Derradji Benmeziane et al. 
(2014). These authors found a positive correlation between reducing power and 
the same parameters in five table grapes varieties. Furthermore, the results 
obtained by PCA demonstrated that the differences between extracts are due to 
varietal variability and gave further information about their implication on the 
antioxidant activity. Anthocyanin and tannins, concentrated in black varieties more 
than in red and white ones, seem to be the principal contributors to the strong 
antioxidant activity revealed by the reducing power and DPPH scavenging activity. 
It is interesting to note that the relative contribution of proanthocyanidins to the 
overall antioxidant capacities of white grape extract were estimated in previous 
study to 97% when methanol was used as solvent (Da porto et al., 2014).  
In support to this, the synergic effect of the antioxidants in the extracts should 
also be considered (Yakoubi et al., 2021a). In fact, this property is related to the 
structure of this type of compounds (one or more aromatic rings with one or more 
hydroxyl groups). This makes them capable to act as antioxidants by electron or 
hydrogen atom transfer (Yakoubi et al., 2021b). The findings of our study support 
the view that certain fruits are potential sources of antioxidants. In this sense, the 
studied grape varieties can be a good natural antioxidant source for use in 
pharmaceutical, cosmetics and food industries.   

CONCLUSION 

In this study, a great number of data have been obtained both on bioactive 
metabolites associated with health and compounds related to the organoleptic 
quality of table and wine grapes varieties. It is obvious that due to their black color 
and, consequently, their anthocyanin content, the highest levels of polyphenolic 
compounds have been observed in Gros noir, Syrah, Cinsault and Merlot varieties. 
Furthermore, our results also indicate that the highest antioxidant capacity was 
recorded for Gros noir, Syrah, Cinsault and Merlot varieties. Taking everything into 
account, data on bioactivity of grape varieties grown in Algeria are highly limited, 
which makes the results in this work truly valuable. The results obtained showed 
that the grape varieties studied may be considered as valuable natural sources of 
antioxidants that are useful for both food and pharmaceutical purposes. Further 
studies need to be carried out with these and other varieties to verify the impact 
of the variety in the composition and nutritional value of grape extracts. Further 
studies on individual phenolic compounds are also needed to elucidate the different 
antioxidant mechanisms and possible synergism.  
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	Over the past decade the important roles of reactive oxygen species (ROS) and free radicals in cellular injury and diseases related to aging process, as well as health effects of natural antioxidants have been the object of many studies (Farhadi et al...
	Generally, antioxidants can be grouped into synthetic and natural species. Whereas, the synthetic antioxidants such as butylated hydroxyanisole and butylated hydroxytolune are commonly used as additive in food products to increase shelf life, natural ...
	Nowadays, with the current upsurge of interest in the efficacy and use of natural antioxidants, foods of plant origin have received much attention (Zeghad et al., 2019). Among them, various fruits and vegetables play an important role in human nutriti...
	Grapes (Vitis vinifera L.) are one of the large fruit crops cultivated in the Mediterranean area and are appreciated for their peculiar flavor and sensorial properties (Mollica et al., 2021). They contain several dietary constituents essential for hum...
	Products made from grape berries such as wine and grape juice are all known to contain a diverse array of potent antioxidants in the form of phenolic compounds (Eshghi et al., 2014). Importantly, the composition in bioactives in grape and consequently...
	Although, several studies reported the major phenolic contents and antioxidant activities (Mirbagheri et al., 2018; Zeghad et al., 2019), but the available information on the detailed phenolics composition and antioxidant capacities from Algerian grap...
	Taking into account that grapes composition seems to be related to food features such as variety, their classification need a statistical approach capable of interpreting patterns in multivariate data. Principal component analysis (PCA) and cluster an...
	Considering this background, the aims of this study comes within the antioxidants composition and antioxidant activity of grape juice of some table and wine varieties growing in the region of Tipaza, Algeria. As a first step, we were interested in the...
	MATERIALS AND METHODS
	Grape sample and site description
	Our study carried out on eight different grape juices varieties (Vitis vinifera L.): black grapes (Gros noir, Cinsault, Merlot, Syrah), red grapes (Cardinal and Red Globe) and white grapes (Muscat and Italia) (Figure 1). These samples have been harves...
	Figure 1. Color appearance of the grape varieties examined in this study (Original).
	Sample preparation
	To prepare whole grape juice, an equal portion of fresh grapes from each variety was washed manually with a tap water. After removing the seeds, a blender (Retsch GM 200) composed of a cylindrical basket and an abrasive disc in the center was used to ...
	Determination of vitamin C (Vit C) content
	The back titration method was used to determine the amount of vitamin C according to Pourmaghi-Azar and Ojani (1997). A known excess of diiodine in grape juice will react with the ascorbic acid until it is all consumed. The excess diiodine, which did ...
	Determination of total carotenoid content (TCC)
	The TCC was determined spectrophotometrically using the method described by Sass-Kiss et al. (2005). Briefly, 20 mL of mixed extraction solvents (hexane/acetone/ethanol, 2:1:1) was added to 10 g of fresh crushed grapes. After stirring for 30 min the u...
	Methanolic extracts preparation
	Each crushed sample (10 g) was extracted by stirring with 20 mL of methanol into conical flasks until uniform consistency. The samples were then shaken for 24 h at 4 C, and achieved extracts were filtered through a filter paper, and evaporated under v...
	Determination of phenolic compounds
	Total polyphenol index (TPI). The used method consist on measuring absorbance at 280 nm of grape juice treated with ethanol and hydrochloric acid and then diluted 100 times in distilled water (Delso et al., 2022) . A volume of 50 g of grape juice was ...
	TPI(%) = DO280 ×100 × [(crusher weight + 100) / (crusher weight]
	Where 100 represent the volume of the solution added to the crusher
	Total phenolic content (TPC). The TPC of methanolic extracts was determined calorimetrically using the Folin Denis method (Singleton et al., 1999; Teow et al., 2007). 0.5 mL of the methanolic extracts was diluted with 5 mL of distilled water, and then...
	Total flavonoid content (TFC). The TFC was quantified applying the colorimetric method reported by Djeridane et al. (2006). 1 mL of the extract solution from each sample was added to 1 ml of 2% aluminum chloride solution (prepared in methanol). After ...
	Total flavonol content (FLC). The content of these compounds was quantified using the colorimetric method reported by Djeridane et al. (2006). A volume of 500 µL of extract was added to 500 µL of distilled water, 500 µL of aluminum chloride (2%) and 5...
	Total hydrolysable tannin content (THTC). The determination of total tannins was assayed using the spectrophotometric method according to Cayla et al. (2002). In an acidic medium, tannins were transformed to anthocyannins that after heating give a red...
	Total condensed tannin content (TCTC). The analysis of TCTC was carried out using the spectrophotometric method according to Škerget et al. (2005). In the presence of the "butanol + iron sulphate" reagent, the tannins precipitate more or less quickly,...
	Total anthocyanin content (TAC) and total anthocyanin potential (TAP). The method was investigated according to the procedure described by Delso et al. (2022). A volume of 50 g of grape juice was mixed with 15 mL of ethanol (95%) and 85 mL of HCl solu...
	TAC (mg/L) = DO520 x 22.75 x 20
	Where: 22.75 is slope of the calibration line obtained from cyanidin -3-glucoside.
	TAP = Anthocyanins (mg/L) x 100 x [(grape juice weight +100)/ grape juice weight].
	The results were expressed as mg cyanidin-3-glucoside equivalent per 1Kg of extract.
	Determination of the antioxidant activity
	DPPH assay. The 2,2-diphenyl radical 1-picrylhydrazyl (DPPH) assay was determined by the method described previously (Molyneux, 2004). The DPPH scavenger effect assay based on the existence of natural phenolic compounds and their activity to donate a ...
	% inhibition of DPPH•= (Absblank – Abssample / Absblank) x 100
	Reductive power (RP).  The reducing power was performed according to the method of Oyaizu (1986), reported by Kumar et al. (2005). The reductive ability of methanolic extracts of grape juices was based on their ability to reduce ferric chloride/ferric...
	Statistical analysis
	All the experiments were repeated tree times and the results were expressed as means ± SD. The obtained results were analyzed by ANOVA. Multiple group comparison was undertaken by ANOVA and Tukey’s test using XLSTAT 1.1.1089 2021 software (P < 0.05). ...
	RESULTS
	Ascorbic acid and total carotenoid contents
	The results obtained for the vitamin C and carotenoid total contents of the analyzed juices were recorded in Figure 2. The vitamin C and carotenoid total contents were significantly different (P < 0.05) amongst the various extracts investigated in the...
	Figure 2. Vitamin C and total carotenoids contents of grape juices extracts. Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically significant differences  (P < 0.05).
	Phenolic compounds content
	The TPI and TPC of grape juice extracts are presented in Figures 3 and 4. For the black grape extracts, the TPI was higher and near in all extracts, especially for Merlot and Cinsault extracts (145 ± 14 and 146 ± 21%, respectively). Concerning red gra...
	Figure 3.  Total polyphenols index of grape juices extracts. Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically significant differences (P < 0.05). Basic concept of Raman spectroscopy
	Furthermore, TPC of grape extracts varied between varieties and ranged from 347 ± 5.84 (Red glob) to 1406.7 ± 10.7 mg100g (Gros noir). Among varieties, black grape extracts had the higher phenolic amount (>900 mg/100g) than white one (Muscat and Itali...
	Figure 4. Total polyphenols contents of grape juices extracts. Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically significant differences (P < 0.05).
	The results obtained for TFC, FLC, THTC and TCTC are presented in  Figure 5. We noted that the total flavonoid content of the analyzed extracts varied with the cultivar and ranged from 49.58 ± 5.72 (Italia) and 393.22 ± 30.36 mg/100g (Gros Noir). Howe...
	Figure 5. Total flavonoid, total flavonol, and total hydrolysable and condensed tannin contents of grape juices extracts. Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically signifi...
	By considering the results contained in Figure 5, THTC and TCTC were concentrated differently according to variety (P < 0.05). THTC ranged from 15.48 ± 0.77 for Red glob variety to 209.28 ± 7.9 mg/100g for Gros noir variety and TCTC from 11.07 ± 0.51 ...
	The total anthocyanin potential and anthocyanin content of the grape extracts obtained are presented in Figure 6. As can be seen, the TAP and TAC varied widely among the grape varieties, ranging from 54.30 ± 1.31 (Italia) to 1455.9 ± 4.13 mg/Kg (Syrah...
	Figure 6. The total anthocyanic potential and anthocyanins contents of the grape juices extracts. Values are expressed as Mean ± SD (n=3). The data shown in different characters in the same column indicate statistically significant differences (P < 0....
	Antioxidant activity
	The results of the antioxidant activity using DPPH and reducing power assays are given in Table 1. The inhibition percentage of the radical DPPH and the IC50 values of the analyzed extracts ranged between 11.67 ± 1.60 (Italia) and 65.39 ± 3.76% (Gros ...
	Table 1. Antioxidant activity of the different studied extracts.
	Chemometric analysis
	Figure 7. The distribution and correlation between the studied variables (a). Plot of the principal component analysis (b) performed on all varieties based on different phytochemical compounds analyzed in juices extracts of five Algerian grape varieti...
	The PCA based on all the traits evaluated showed a high variation among varieties. As indicated in the loading plot (Figure 7b), the plot according to axes 1 and 2 (66% of the total variation) revealed three groups of grape variety aggregates. The Gro...
	Table 2. Correlation coefficients between the studied variables on studied grape juices extracts.
	Note: Values in bold are different from 0 at a significant level alpha =0.05
	To evaluate the likely similarities and relationships among and within the grape extracts studied, HCA was performed based on the antioxidant contents. The HCA results are presented in the form of a dendrogram in Figure 8. This analysis provided a bet...
	Figure 8. The hierarchical cluster analysis dendrogram of the grape extracts by the total bioactive contents.
	DISCUSSION
	Grapes are known as a source of vitamin C in the dietary intake (Derradji-Benmeziane et al., 2014). The results obtained for the vitamin C content of the analyzed juices were quite different from the reported literature of identical and different geog...
	Carotenoids are one of the main groups of plant-based pigments present in nature. These compounds are widely distributed in fruits and vegetables with colors ranging from yellow to intense red (Aguirre-Joya et al., 2020). They have commercial value be...
	Phenolic compounds are of particular interest since they define organoleptic characteristics such as flavor, color, and astringency of fruits and vegetables. Phenolic compounds are mainly divided into phenolic acids and polyphenols (Aguirre-Joya et al...
	The TFC of the analyzed extracts varied with cultivar. These findings were consistent with previous work (Tounsi et al., 2009; Derradji-Benmeziane et al., 2014) which noted that the TFC varied by variety. However, these authors showed that the TFC of ...
	Considering the results of anthocyanins, the same observation was shown with Italian grape varieties (Bordiga et al., 2011) where black grapes were reported to have higher amounts of total anthocyanin than white ones. Instead, the anthocyanin content ...
	In term of DPPH-scavenging potential, the methanolic extracts of black varieties exhibited the highest activity in comparison with the other extracts and closer activity to that of rutin and tannic acid. This finding was observed by Beara et al. (2017...
	Considering results of antioxidant activity, the presence of phenolic and flavonoid compounds in grape extracts showed good linear correlations with the antioxidant power. This is confirmed by the findings of Derradji Benmeziane et al. (2014). These a...
	CONCLUSION
	In this study, a great number of data have been obtained both on bioactive metabolites associated with health and compounds related to the organoleptic quality of table and wine grapes varieties. It is obvious that due to their black color and, conseq...
	ACKNOWLEDGEMENTS
	The authors gratefully acknowledge the Ministry of Higher Education and Scientific research of Algeria
	AUTHOR CONTRIBUTIONS
	Yacine Meziane assisted in performing the experiments, performed the statistical analysis and data visualization and wrote the manuscript. Rima Yakoubi assisted in writing- reviewing and editing the manuscript. Smain Megateli and Cherifa Chaouia condu...
	CONFLICT OF INTEREST
	The authors declare that they hold no competing interests.
	REFERENCES

