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Abstract: This study explores the application of the
photochemiluminescence assay in two distinct extracts, hydrophilic and
lipophilic, alongside the DPPH method to evaluate the antioxidant potential
of three grape varietis (Chasselas, Romanian Muscat, and Muscat
Hamburg). The results revealed significant phenolic compound
concentrations, ranging from 21.68 to 43.44 mg gallic acid equivalent per
100 g of fresh weight. Flavonoid content was between 4.26 and 8.86 mg
rutin equivalent per 100 g of fresh weight, while anthocyanin content varied
from 0.16 to 7.02 mg cyanidin-3-glucoside equivalent per 100 g of fresh
weight. Among the tested grapes, Muscat Hamburg demonstrated the
highest antioxidant activity using DPPH method. In terms of antioxidant
capacity, Chasselas exhibited the highest value in the hydrophilic system,
while Muscat Hamburg showed the greatest antioxidant capacity in the
lipophilic system.
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INTRODUCTION

Grapes (Vitis species), belonging to the family Vitaceae, are among the most popular,
widely cultivated, and commonly consumed fruits worldwide [1]. According to the
FAO [2] statistical database, global grape production reached almost 75 million tons in

2022 (Figure 1).
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Figure 1. Production of top global grape producers in 2022

The top 10 grape-producing countries are China (12.6 million tons), Italy (12.6 million
tons), France (12.6 million tons), Spain (11.25 million tons), the United States (10.24
million tons), Turkey (7.95 million tons), India (6.48 million tons), Chile (4.58 million
tons), South Africa (3.95 million tons), and Argentina (3.7 million tons). Romania was
ranked 22" in grape production [2].

Grapes are an excellent source of bioactive compounds, though the concentration of
these antioxidants is influenced by various factors. These include grape variety,
maturity, post-harvest storage, and environmental conditions such as location, light
exposure, temperature, nutrition, water availability, microbial activity, and viticulture
practices [4 — 7].

The primary bioactive compounds found in grapes are phenolics, flavonoids,
anthocyanins, stilbenes, proanthocyanidins and vitamin E [8]. Most of these compounds
may possess antioxidant properties, which are crucial for human health as they may help
reduce the oxidation of low-density lipoproteins, thereby lowering the risk of heart
disease and contributing to cancer prevention [9].

In the present study, the antioxidant activiy of 3 grapes varieties (Chasselas, Romanian
Muscat, and Muscat Hamburg) cultivated in Romania were measured, and their total
phenolic contents, total flavonoid contents and total antochyanin content were
evaluated. In addition, the antioxidant capacity in hidrophilic and lipophilic system were
quantified using Photochem device.
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MATERIALS AND METHODS
Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH), (+)-rutin, gallic acid, and Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) were purchased from Sigma Chemical
Co. (Switzerland). Folin—Ciocalteu’s phenol reagent was purchased from Merck
(Germany). The kits for photochemiluminescence in hidrophilic and lipophilic system
were from Analytik Jena, Germany. All chemicals used were of analytical grade.
Standard solutions were prepared with distilled water.

Fruit material

The selected fruits consisted in three grape varieties: two white grapes (Chasselas and
Romanian Muscat) and one dark purple variety, Muscat Hamburg. The samples were
cultivated in Romania and were purchased from a local market in Bucharest, in 2021.
The edible portions of the fruits (20 - 30 g) were homogenized using a laboratory mixer.

Extraction procedure

For the determination of bioactive compounds, antioxidant activity through DPPH
assay, and antioxidant capacity (using photochemiluminescence), 1.0 g of fresh grapes
(skin and pulp) was weighed and combined with 30 mL of 50 % aqueous methanol. The
mixtures were subjected to vigorous agitation at 2,000 rpm for one hour using a vortex
mixer (Heidolph Instruments Multi Reax) to facilitate compound extraction.
Subsequently, the extracts were centrifuged at 10,000 rpm for 10 minutes at 4 °C,
following the protocol described by Multescu and Susman [10]. The resulting
supernatant was stored at -20 °C until further analysis.

Determination of bioactive compounds

Determination of Total Phenolic Content (TPC)

The determination of TPC was performed using the Folin-Ciocalteu method with slight
modifications as outlined by Multescu et al. [10]. Briefly, 500 pL of the grape extracts
was mixed with 5 mL Folin-Ciocalteu reagent and 500 pL of saturated sodium
carbonate solution. The reaction mixtures were incubated in darkness for 20 minutes to
facilitate color development. Absorbance was measured at 765 nm using a Specord 210
UV-VIS spectrophotometer (Analytic Jena, Germany). A calibration curve was
constructed using gallic acid at concentrations ranging from 10 to 50 pg-mL™ under
identical experimental conditions (r* = 0.999). The total phenolic content was expressed
as mg of gallic acid equivalent per 1 g of fresh weight (mg GAE/ g f.w.).

Determination of Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was determined using the aluminum chloride (AICl3)
method as described by Multescu et al. [10]. In brief, 0.1 mL of extract was mixed with
0.1 mL 10 % sodium acetate and 0.12 mL 2.5 % AICI; solution. The final volume was
adjusted to 1 mL with ethanol 70 %. The mixtures were vortexed and incubated in the
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dark for 45 minutes to ensure reaction completion. The absorbance was measured at 510
nm. A standard curve was plotted using different concentrations (10 - 60 pg-mL™) of
rutin (> = 0.999). Total flavonoid content was expressed as mg rutin equivalent-g™' of
fresh weight (mg RE/g f.w.).

Determination of Anthocyanins Content (TAC)

The total anthocyanin content was measured using the pH differential method,
following the AOAC (2005) procedure [11] with minor changes. Briefly, 2 mL of
extract were mixed with 8 mL of a pH 1.0 buffer (potassium chloride, 0.025 M), and
another 2 mL was mixed with 8 mL of a pH 4.5 buffer (sodium acetate, 0.4 M). The
absorbance of these mixtures was measured at 520 nm and 700 nm using a Specord 210
UV-VIS spectrophotometer (Analytic Jena, Germany). TAC was calculated using the
AOAC formula (1), and the results were expressed as mg cyanidin-3-glucoside
equivalents C3G per 100 g f.w.

cyanidin-3-glucoside (mg/100g f.w.) = A-M-FD-103/ €-1 )
where A = (A520-A700)xpH1-(A520-A700)xpH4.5; M = 449.2 g-mol (molecular

weight of cyanidin-3-glucoside); FD = dilution factor; € = molar extinction coefficient
of cyanidin-3-glucoside, 26900; I = length of the measuring cuvette.

Determination of Antioxidant Activity through DPPH

The DPPH radical scavenging activity was assessed by measuring the reduction of the
DPPH radical, following the method of Horszwald and Andlauer [12] with minor
modifications. The reaction mixture consisted of 1 mL of the methanolic extract and 6
mL of a DPPH radical solution. The mixture was incubated in the dark for 20 minutes to
ensure reaction completion. Subsequently, the absorbance was recorded at 517 nm using
a UV-VIS spectrophotometer. Antioxidant activity was quantified using a calibration
curve prepared with Trolox at concentrations ranging from 0.0156 to 0.0625 pg-mL™!
(r2=10.999). The results were expressed as micromoles of Trolox equivalents per gram
of fresh weight (umol TE-g™! f.w.).

Photochemiluminescence Assay — hydrophilic system (PCL-ACW)

The reactions were carried out using kits for the determination of antioxidant capacity
of water-soluble substances (Analytik Jena, Jena, Germany), mixing 1500 puL of water
(reagent 1), 1000 pL of buffer solution (reagent 2), 25 pL of luminol (reagent 3), and
10 pL of extract. Measurement was performed on a Photochem device with PCL soft
(Analytik Jena). Vitamin C was used to prepare the calibration curve. The results are
expressed as pmol of vitamin C equivalents per g of fresh weight.

Photochemiluminescence Assay — lipophilic system (PCL-ACL)

The reactions were carried out using kits for the determination of antioxidant capacity
of lipid-soluble substances (Analytik Jena, Jena, Germany), mixing 2300 plL of
methanol (reagent 1), 200 puL of buffer solution (reagent 2), 25 puL of luminol
(reagent 3), and 10 pL of extract. Measurement was performed on a Photochem device
with PCL soft (Analytik Jena). Trolox was used to prepare the calibration curve. The
results are expressed as pmol of TE per g of fresh weight.

158 St. Cerc. St. CICBIA 2025 26 (2)



ANTIOXIDANT PROPERTIES OF ROMANIAN GRAPE VARIETIES

Statistical analysis

All methods were applied for sample characterization with a minimum of three
replicates. The results are expressed as means + standard deviation (SD). Statistical
analysis was conducted using one-way analysis of variance (ANOVA), followed by
Tukey's test to evaluate differences between means (Minitab software, Minitab Inc.,
Coventry, UK). Differences were considered to be significant at p < 0.05.

RESULTS AND DISCUSSION
Antioxidant compounds content of Vitis species

In Table 1 the TPC, TFC and TAC of the analyzed grape varieties from the Vitis genus
are presented. The TPC ranged between 21.68 - 43.44 mg GAE/g f.w. Among the three
grape varieties studied, Muscat Hamburg exhibited the highest TPC value of 43.44 mg
GAE/g f.w., whereas Romanian Muscat showed lower TPCs, measuring 21.68 mg
GAE/g f.w. The concentration of polyphenols was significantly different (p < 0.05)
among the grape samples.

Table 1. Bioactive content in the analyzed Romanian grape varieties

TPC TFC TAC
Sample [mg GAE-g' fw.] | [mgRE-g' fw.] [ [mg C3G/100 g f.w.|
Chasselas 39.06+0.52° 7.96+0.25% 0.16+0.04¢
Romanian Muscat 21.68+0.73¢ 4.26+0.05°¢ 0.41+0.01°
Muscat Hamburg 43.44+0.41? 8.86+0.02° 7.02+0.01*

The values are expressed as means + standard deviations (n = 3)
Values followed by different letters in the same column are significantly different (p < 0.05)

In a prior investigation, Xu et al. [13] determined phenolic content in seeds and skins
among 18 grape cultivars belonging to seven species and interspecific hybrids. The
results ranged between 15.79 - 99.28 mg GAE-g"' in seeds and 12.11 - 41.21 mg
GAE-g! in skins. Panteli¢ et al. [14] quantified phenolic compounds in the skins, pulp,
and seeds of 13 grape varieties, including 7 red and 6 white grape cultivars, grown in
Serbia. The study has underlined that in red grape seeds, the total phenolic content
ranged from 38.02 to 102.98 mg GAE-g"!, while in white grape seeds, it varied between
47.55 and 96.89 mg GAE-g'. For the skins, the TPC ranged from 7.43 to 12.32 mg
GAE-g! in red grapes and from 0.39 to 3.71 mg GAE-g"! in white grapes. In the pulp,
the values were much lower, ranging from 0.07 to 0.20 mg GAE g™ in red grapes and
0.07 to 0.15 mg GAE-g! in white grapes. These results underscore the significant
variability of phenolic content across different grape cultivars. Phenolic compounds in
skins and seeds of five wild grapes and two hybrids native to Japan were between 1.2 -
13.8 mg GAE g, and 3.6 - 54.9 mg GAE-g"!, respectively [15]. The total phenolic
contents of the 7 grape samples from Turkey harvasted in 2015 were found to be
between 44.063 and 199.063 mg GAE/100 g [9]. These measurements were lower than
those in our previous study. Total phenolic contents of 50 different grape seeds
growning in Turkey were between 1,120.83 mg GAE/100 g f.w. and 3,485.24 mg
GAE/100 g f.w. [16]. Thirteen grape samples were analysed in order to determine total
phenolic content. The results ranged between 0.44 -7.94 mg GAE-g"! [17]. This data
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indicates lower levels compared to our earlier analysis. Vieira da Mota et al. [18]
analysed 5 grape cultivars from Brazil and they reported that TPC ranged from 110.70
to 356.10 mg GAE/100g. Two grape cultivars in Taiwan, Kyoho (Vitis labruscana) and
American wild bunch (Vitis aestivalis) were analysed in term of TPC. The results were
between 0.27 - 0.36 mg GAE-g! in Kyoho grape cultivars while for American cultivars
ranged from 0.30 to 0.466 mg GAE-g™! [19]. This data indicates lower levels compared
to our earlier analysis.

The flavonoid content in romanian grape samples analysed ranged between 4.26 - 8.86
mg RE-g!' fw. with higher values observed for Muscat Hamburg followed by
Chasselas. The concentration of flavonoids was significantly different (p < 0.05) among
the grape samples. Other studies reported that TFC varied between 9.11 - 61.70 mg
RE-g! d.m. in grape seeds and 6.46 - 31.84 mg RE-g"! d.m. in grape skins [13], 0.70 -
5.50 mg quercetin equivalent QE-g! f.w. in seeds and 0.30 - 3.40 mg QE-g! fw. in
skins [15]. Ozcan et al. [9] determined TFC in 7 grape varieties from Turkey. The
results ranged from 0.491 to 6.810 mg-g™! in pulp+skin and between 90.595 - 145.595
mg-g! in seeds. In a study conducted by Ghafoor et al. [16] the flavonoid content of
different grape seeds grown in Turkey were investigated. The results varied from
10,087.13 mg catechin equivalent (CA)/100 g f.w. to 47,013.06 mg CA/100 g f.w.
Sridhar et al. [20] determined TFC in Kyoho and American wild bunch grape cultivars
of Taiwan. The flavonoid content was between 2.94 - 4.63 mg QE-g! for Kyoho grape
cultivars, and 2.04 - 2.94 mg QE-g"! for American grape cultivars, respectively. These
findings are lower than those in our study. In a study conducted by Xia ef al. [21] thirty-
one grape cultivars were investigated in terms of flavonoid content. The samples
consisted of 7 cultivars of American group, 5 of Euro-American hybrids, 3 of
V. Vinifera L, 3 of Euro-Asian hybrids, 8 of Oriental group, and 5 of Muscadine grapes.
The results showed a TFC ranging between 10.94 - 93.09 mg RE-g™! d.m. in seeds and
1.58 - 35.13 mg RE-g"! d.m. in skins. TFC values of 30 grape varieties ranged from
0.176 mg QE-g! fw. to 3.957 mg QE-g! fw. [22]. These measurements are lower
compared to our data.

The variations in TPC and TFC were probably due to the results of plant variety and
environmental conditions [20].

Total anthocyanins content found out in Chasselas, Romanan Muscat and Muscat
Hamburg were between 0.16 - 7.02 mg C3G/100 g f.w. Muscat Hamburg presented the
highest concentration in anthocyanins due to its black color, while Chasselas variety
showed the lowest TAC (0.16 mg C3G/100 g fw.). Other studies reported TAC
between 26.70 - 190.00 mg malvidin-3-glucoside/100 g [18], 4.09 - 300.37 mg
malvidin-3-glucoside/100 g d.m. [19].

Antioxidant activities of grapes cultivars

The values of antioxidant activity using DPPH method of investigated cultivars are
presented in Figure 2. The results ranged from 117.06 umol TE-g! f.w. to 257.68 pmol
TE-g! f.w. Muscat Hamburg grapes showed the highest value of DPPH, while the
lowest DPPH activity was found in Romanian Muscat variety.
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Figure 2. Antioxidant capacity through DPPH of the grape cultivars

Bars with different letters represent a significant difference between samples (p < 0.05)

Antioxidant activity was significantly different (p < 0.05) among the grape samples.
The average value of antioxidant activity using the DPPH method for individual vine
varieties was 9432 ng-g”! GAE in 2015; 10,828 pg-g! GAE in 2016, and 11,624 pg-g™!
GAE in 2017 [23]. Pantelic et al. [14] determined DPPH activity in skin, pulp, and
seeds in 13 grapevine varieties grown in Serbia. The DPPH values ranged between
406.59 - 1039.92 umol TE-g! in seeds, 26.25 - 132.59 umol TE-g"! in skins, and 12.13 -
18.15 umol TE-g™! in pulp. In a study conducted by Poudel et al. [15] five wild grapes
and two hybrids native to Japan were analysed in term of antioxidant activity. The
results ranged between 15.70 - 113.30 mmol TE-g™! in skin, and 16.80 - 92.20 mmol
TE-g! in seeds. Costa et al. [24] determined antioxidant activity from 24 grape varieties
cultivated in two portuguese wine regions. The results obtained by the DPPH method
showed that DPPH values were between 1.78 - 299.99 pmol TE-g! in skin, 0.18 - 3.13
umol TE-g™! in pulp, and 75.52 - 363.47 umol TE-g"! in seeds.

A significant correlation was observed between TPC and DPPH, with a Pearson
correlation coefficient of r = 0.9988. This correlation explained 99.76 % of the variation
in antioxidant activity (r* = 0.9976), indicating a significant association between total
phenolic content and antioxidant activity. Similarly, a high correlation was found
between TFC and DPPH activity, with a Pearson correlation coefficient of r = 0.9985,
accounting for 99.70 % of the variation in antioxidant activity (r> = 0.9970).

In contrast, a moderate correlation was observed between TAC and DPPH activity, with
a Pearson correlation coefficient of r = 0.6681, explaining 44.6 % of the variation in
antioxidant activity (> = 0.446). However, this correlation was not statistically
significant (p = 0.534), suggesting that the relationship may not be robust or reliable.

Table 2. The correlation coefficients between total phenolic (TPC), flavonoid (TFC)
and anthocyanins (TAC) content with antioxidanta acitvity (DPPH)

TPC TFC TAC

DPPH 0.9988 0.9985 0.6681
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Antioxidant Capacity of Water Soluble Compounds (ACW) and Lipid Soluble
Compounds (ACL)

The results of ACW and ACL antioxidant capacity, determined by the PCL method, are
presented in Table 3. The ACW values ranged from 33.80 pmol AA-g! f.w. to 70.67
umol AA-g! f.w. Chasselas grapes exhibited the highest ACW value, reaching 70.67
pmol AA/100 g f.w. Romanian Muscat had the lowest antioxidant capacity in ACW
system.

Table 3. Values of antioxidant capacity of the water soluble (ACW) and
lipid soluble compounds (ACL)

Sample ACW ACL
[umol AA-g”! f.w.] [umol TE-g™! f.w.]
Chasselas 70.67+1.032 312.95+1.62°
Romanian Muscat 33.80+0.42° 250.96+0.96°¢
Muscat Hamburg 53.50+0.97° 396.80+1.86°

The values are expressed as means + standard deviations (n =3)
Values followed by different letters in the same column are significantly different (p <0.05)

Lipid soluble antioxidant capacity data of the 3 grapes samples were between
250.96 - 396.80 umol TE-g! f.w. (Table 3). Muscat Hamburg showed the highest value
of 396.80 umol TE/100 g f.w. followed by Chasselas (312.95 pmol TE-g”! f.w.) and
Romanian Muscat (250.96 umol TE-g™! fw.).

A strong correlation was observed between TPC and TFC with PCL-ACW and PCL-
ACL methods. The correlation coefficients (r) for these relationships were presented in
Table 4.

Table 4. The correlation coefficients between TPC, TFC and TAC
with PCL-ACW and PCL-ACL

TPC TFC TAC
PCL-ACW 0.7804 0.7840 0.0075
PCL-ACL 0.9137 09113 0.8918

Calculation of the Relative Antioxidant Capacity Index (RACI)

As outlined by Sun and Tanumihardjo [25], RACI was computed as a statistical
measure by combining antioxidant capacity data derived from multiple analytical
methods. The RACI of each sample was calculated as the mean of the standard scores
transformed from the raw data generated with different chemical methods. This process
ensures that differences in units and data variability do not affect the results. RACI is a
simple way to combine results from different methods, making it easy to compare
antioxidant capacities across samples [25]. The ranking of the samples based on their
antioxidant capacities using RACI is shown in Figure 3.
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Figure 3. Relative antioxidant capacity index in the grape varieties

In terms of RACI values, Muscat Hamburg presented the highest value followed by
Chasselas. Romanian Muscat showed the lowest value of RACI. Furthermore, the RACI
value was correlated with the antioxidant capacity assays.

The RACI value was highly correlated with DPPH (r = 0.9938; p < 0.05), ACL
(r=0.8863; p <0.05), and ACW (r = 0.8183; p < 0.05). This procedure is a simple and
effective way to measure food antioxidant capacity, as it covers different chemical
methods.

CONCLUSIONS

Grapes are valuable dietary sources of bioactive compounds, contributing significantly
to human health. The present study evaluated the phenolic, flavonoid, and anthocyanin
content, along with the antioxidant activity by DPPH method and antioxidant capacity
in both hydrophilic and lipophilic systems, for three Romanian grape varieties. The
results showed that the analysed grapes are particularly rich in phenolic compounds,
which play a crucial role in their antioxidant properties. The strong correlation between
antioxidant activity, photochemiluminescence analysis, and total phenolic, flavonoid,
and anthocyanin content underscores the significant presence of bioactive compounds in
these fruits. Additionally, the observed variation in bioactive composition and
antioxidant capacity among the analyzed varieties highlights the influence of genetic
factors. Notably, Muscat Hamburg exhibited the highest antioxidant capacity. Future
research will focus on assessing the total antioxidant capacity of widely consumed fruits
in Romania and establishing a comprehensive database of these findings.

REFERENCES

1. Das, R., Bhattacharjee, C.: Chapter 43 in: Nutritional Composition and Antioxidant Properties of
Fruits and Vegetables, 2020, 695-708;

2. FAO, 2023 https://www.fao.org/faostat/en/#data/QCL/visualize (accessed on 31.10.2024);

3. https://insse.ro/cms/sites/default/files/field/publicatii/potentialul _productiv_al_plantatiilor_pomico
le_si_viticole in_anul 2017.pdf (accessed on 31.10.2024);

St. Cerc. St. CICBIA 2025 26 (2) 163



MULTESCU and SUSMAN

4. Chen, H., Yang, J., Deng, X., Lei, Y., Xie, S., Guo, S., Xu, T.: Foliar-sprayed manganese sulfate
improves flavonoid content in grape berry skin of Cabernet Sauvignon (Vitis vinifera L.) growing
on alkaline soil and wine chromatic characteristics, Food Chemistry, 2020, 314, 126182;

5. Colombo, R.C., Roberto, S.R., Nixdorf, S.L., Perez-Navarro, J., Gomez-Alonso, S., MenaMorales,
A., Hermosin-Gutierrez, I.: Analysis of the phenolic composition and yield of ‘BRS
Vitoria’seedless table grape under different bunch densities using HPLC-DAD-ESI-MS/MS,
Food Research International, 2020, 130, 108955; https://doi.org/10.1016/j.foodres.2019.108955

6. Perestrelo, R., Lu, Y., Santos, S.A.O., Silvestre, A.J.D., Neto, C.P., Camara, Jose S., Rocha, S.M.
Phenolic profile of Sercial and Tinta Negra Vitis vinifera L. grape skins by HPLC-DAD-ESI-
MSn: Novel phenolic compounds in Vitis vinifera L. grape, Food Chemistry, 2020, 135 (1),
94-104;

7. Yang, B., He, S., Liu, Y., Liu, B., Ju, Y., Kang, D., Xiangyu, S., Fang, Y: Transcriptomics
integrated with metabolomics reveals the effect of regulated deficit irrigation on anthocyanin
biosynthesis in Cabernet Sauvignon grape berries, Food Chemistry, 2020, 314, 126170;
https://doi.org/10.1016/j.foodchem.2020.126170

8. Gouot, J.C., Smith, J.P., Holzapfel, B.P., Walker, A.R., Barril, C: Grape berry flavonoids: A
review of their biochemical responses to high and extreme high temperatures, Journal of
Experimental Botany, 2019, 70 (2), 397-423;

0. Yilmaz, Y., Goksel, Z., Erdogan, S.S., Oztiirk, A., Atak, A. & Ozer, C. Antioxidant activity and
phenolic content of seed, skin and pulp partsof 22 grape (Vitis vinifera L.) cultivars (4 common
and 18 registered orcandidate for registration), Journal of Food Processing Preservation, 2015,
39, 1682-1691; https://doi.org/10.1111/jfpp.12399

10.  Multescu, M., Susman, LE., Culetu, A.: Investigation on the antioxidant compounds and
antioxidant capacity of romanian Prunus species, The Annals of the University Dunarea de Jos of
Galati Fascicle Vi - Food Technology, 2024, 48 D), 44-61;
https://doi.org/10.35219/foodtechnology.2024.1.03

11.  AOAC Official Method 2005.02 Total monomeric anthocyanin pigment content of fruit juices,
beverages, natural colorants and wines;

12. Horszwald, A., Andlauer,W.: Characterisation of bioactive compounds in berry juices by
traditional photometric and modern microplate methods, Journal of Berry Research, 2011, 1 (4),
189-199; https://doi.org/10.3233/JBR-2011-020

13. Xu, C., Zhang, Y., Cao, L., Lu, J.: Phenolic compounds and antioxidant properties of different
grape cultivars grown in China, Food Chemistry, 2010, 119, 1557-1565;

14.  Pantelic’, M.M., Dabic Zagorac, D.C., Davidovic S.M., Todic, S.R., Beslic’, Z.R., Gasic’, U.M.,
Tesic’, Z.L., Natic’, M.M.: Identification and quantification of phenolic compounds in berry skin,
pulp, and seeds in 13 grapevine varieties grown in Serbia, Food Chemistry, 2016, 211, 243-252;

15. Poudel, P.R., Tamura, H., Kataoka, 1., Mochioka, R.: Phenolic compounds and antioxidant
activities of skins and seeds of five wildgrapes and two hybrids native to Japan, Journal of Food
Composition and Analysis, 2008, 21 (8), 622-625; https://doi.org/10.1016/].jfca.2008.07.003

16.  Ghafoor, K., Uslu, N., Musa Ozcan, M., Al Juhaimi, F., Babiker, E.E., Mohamed Ahmed, LA.,
Ulil Azmi, L.: Influence of grape variety on bioactive compounds, antioxidant activity, and
phenolic compounds of some grape seeds grown in Turkey, Food Process Preservation, 2020, 44,
14980; https://doi.org/10.1111/jfpp.14980

17.  Di Lorenzo, C., Colombo, F., Biella, S., Orgiu, F., Frigerio, G., Regazzoni, L., de Sousa, L.P.,
Bavaresco, L., Bosso, A., Aldini, G., Restani, P.: 413 World Congress of Vine and Wine, Punta del
Este, Uruguay, 2019, 1-7;

18.  Vieira da Mota, R., Abreu Gloria, M.B., de Souza, B.S., Peregrino, 1., de Azevedo Pimentel,
Frederico Alcantara Novelli Dias, R.M., de Souza, L.C., de Souza, A.L., de Albuquerque Regina,
M.: Bioactive compounds and juice quality from selected grape cultivars, Bragantia, Campinas,
2018, 77 (1), 62-73;

19.  Ishmael, S.M., Soltan, S.S.A., Selim, K.A., Ahmed, H.M.H.: Phenolic Compounds and
Antioxidant Activity of White, Red, Black Grape Skin and White Grape Seeds, Life Science
Journal, 2012, 9 (4), 3464-3474;

20.  Sridhar, K., Charles, A.L.: Application of multivariate statistical techniques to assess the phenolic
compounds and the in vitro antioxidant activity of commercial grape cultivars, Journal of
Chemometrics, 2018, 32, 3073; https://doi.org/10.1002/cem.3073

164 St. Cerc. St. CICBIA 2025 26 (2)



ANTIOXIDANT PROPERTIES OF ROMANIAN GRAPE VARIETIES

21.

22.

23.

24.

25.

Xia, L., Xu, C., Huang, K., Lu, J., Zhang, Y.: Evaluation of phenolic compounds, antioxidant and
antiproliferative activities of 31 grape cultivars with different genotypes, Journal of Food
Biochemistry, 2019, 43, 12626; https://doi.org/10.1111/jfbc.12626

Tang, G.Y., Zhao, C.N., Liu, Q., Feng, X.L., Xu, X.Y., Cao, S.Y., Meng, X., Li, S., Gan, R.Y., Li,
H.B.: Potential of Grape Wastes as a Natural Source of Bioactive Compounds, Molecules, 2018,
23, 2598; https://doi.org/10.3390/molecules23102598

Sochorova, L., Prusova, B., Jurikova, T., Mlcek, J., Adamkova, A., Baron, M., Sochor, J.: The
Study of Antioxidant Components in Grape Seeds, Molecules, 2020, 25, 3736;
https://doi.org/10.3390/molecules25163736

Costa, E., Cosme, F., Jorddo, A.M., Mendes-Faia, A.: Anthocyanin profile and antioxidant activity
from 24 grape varieties cultivated in two portuguese wine regions, Journal international des
sciences de la vigne et du vin, 2014, 48 (1), 51-62;

Sun, T., Tanumihardjo, S.A.: An integral approach to evaluate food antioxidant capacity, Journal
of Food Science, 2007, 72, 159-165; https://doi.org/10.1111/j.1750-3841.2007.00552.x

St. Cerc. St. CICBIA 2025 26 (2) 165



