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ABSTRACT 

This study aims to evaluate the pharmaceutical potential of Vaucheria 

aversa isolated from the Tigris River through the assessment of its 

antioxidant capacity, antimicrobial activities, and phenolic compound 

composition. In this study, samples collected from benthic habitats 

were purified using a mechanical isolation method. The phenolic and 

flavonoid contents of the prepared extracts were measured by 

spectrophotometric methods, and their phenolic profiles were 

determined using LC-MS/MS analysis. Antioxidant activities were 

assessed using FRAP, DPPH, and ABTS assays, while antimicrobial 

activities were tested on E. coli, S. aureus, and C. albicans using the 

agar well-diffusion method. The total phenolic content of V. aversa 

was determined to be 64.28 ± 2.11 mg GAE/g, while the flavonoid 

content was 15.21 ± 0.89 mg QE/g. Regarding antioxidant activities, 

the FRAP value was 65.55 ± 3.18 mg TE/g, the DPPH IC₅₀ value was 

38.25 ± 1.41 µg/ml, and the ABTS IC₅₀ value was 16.39 ± 1.02 µg/ml. 

LC-MS/MS analysis revealed that cinnamic acid and gallic acid were 

present at higher levels compared to other phenolic compounds. In 

antimicrobial assays, ethanol and methanol extracts exhibited strong 

inhibition zones against E. coli and C. albicans. The activity of V. 

aversa against Gram (-) negative bacteria and fungi was found to be 

particularly noteworthy compared to other Vaucheria species. Its 

antioxidant and antimicrobial capacities are presumed to be directly 

associated with its phenolic compound content. The findings of this 

study indicate that in order to evaluate V. aversa as a natural 

antioxidant and antimicrobial agent in pharmaceutical research, 

further compound isolation and in vivo investigations are required to 

elucidate its effective pharmaceutical potential in detail. 
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Dicle Nehri’nden (Diyarbakır, Türkiye) İzole Edilen Vaucheria aversa’nın Antioksidan ve 

Antimikrobiyal Aktiviteleri ile Fenolik Bileşimi 
 

ÖZET  

Dicle Nehri’nden izole edilen Vaucheria aversa’nın antioksidan 

kapasitesi ve antimikrobiyal aktiviteleri ile fenolik bileşik 

kompozisyonunu belirleyerek, farmasötik potansiyelini 

değerlendirmektir. Bu çalışmada, bentik habitatlardan toplanan 

örnekler mekanik izolasyon yöntemi kullanılarak saflaştırılmıştır. 

Hazırlanan ekstraktların fenolik ve flavonoid içerikleri 

spektrofotometrik yöntemlerle ölçülmüş, fenolik profilleri ise LC-

MS/MS analizi kullanılarak belirlenmiştir. Antioksidan aktiviteler 

FRAP, DPPH ve ABTS testleri kullanılarak değerlendirilmiş, 

antimikrobiyal aktiviteler ise kuyucuk difüzyon yöntemi ile E. coli, S. 

aureus ve C. albicans üzerinde test edilmiştir. V. aversa’nın toplam 

fenolik içeriği 64,28 ± 2,11 mg GAE/g, flavonoid içeriği ise 15,21 ± 0,89 

mg QE/g olarak belirlenmiştir. Antioksidan aktiviteler açısından 

FRAP değeri 65,55 ± 3,18 mg TE/g, DPPH IC₅₀ değeri 38,25 ± 1,41 

µg/ml ve ABTS IC₅₀ değeri 16,39 ± 1,02 µg/ml olarak ölçülmüştür. LC-

MS/MS analizleri, sinnamik asit ve gallik asit düzeylerinin diğer 
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fenolik bileşiklere kıyasla daha yüksek olduğunu göstermiştir. 

Antimikrobiyal testlerde ise etanol ve metanol ekstraktlarının E. coli 

ve C. albicans üzerinde güçlü inhibisyon zonları oluşturduğu 

gözlemlenmiştir. V. aversa’nın özellikle Gram (-) negatif bakterilere 

ve funguslara karşı gösterdiği aktivite, diğer Vaucheria türleriyle 

karşılaştırıldığında dikkat çekici bulunmuştur. Antioksidan ve 

antimikrobiyal kapasitelerinin, içerdiği fenolik bileşiklerle doğrudan 

ilişkili olduğu düşünülmektedir. Bu çalışmadan elde edilen bulgular, 

V. aversa’nın farmasötik araştırmalarda doğal bir antioksidan ve 

antimikrobiyal ajan olarak değerlendirilebilmesi için, bileşik 

izolasyonu ve in vivo testlerin gerçekleştirilerek etkili farmasötik 

potansiyelinin ayrıntılı biçimde ortaya konulması gerektiğini 

göstermektedir 
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DOI: 10.18016/ksutarimdoga.vi. 1786253. 
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aversa Isolated from the Tigris River (Diyarbakır, Türkiye). KSU J. Agric Nat  29 (6), 1392-1401. DOI: 

10.18016/ksutarimdoga.vi. 1786253. 
 

INTRODUCTION  

In addition to being photosynthetic organisms, algae have become a significant research subject in biotechnology, 

food, and pharmaceuticals due to their high biomass production capacity and diverse secondary metabolites 

(Barsanti & Gualtieri, 2014; Kim & Wijesekara, 2010). Historically, these organisms have been used in traditional 

medicine, particularly in Asian societies, and studies employing modern scientific methods have demonstrated 

their remarkable pharmacological properties. Indeed, antimicrobial, antioxidant, anticancer, and anti-

inflammatory activities are among the primary biological effects associated with extracts and compounds derived 

from algae (Cardozo et al., 2007; Pangestuti & Kim, 2011; Erenler et al., 2016; Pabuçcu & Demiriz Yücer, 2022; 

Demiriz Yücer, 2024). 

In recent years, the rapid global increase in antibiotic resistance has heightened interest in the discovery of new 

natural antimicrobial agents. As emphasized in the World Health Organization’s 2024 reports, there is an urgent 

need for new molecules effective against Gram-negative bacteria. In this context, algae, owing to their diverse 

secondary metabolites and notable biological activities, represent promising natural resources and have emerged 

as a potential focus area in pharmaceutical research (Blunt et al., 2009; Kim & Wijesekara, 2010). Furthermore, 

natural antioxidants such as phenolic compounds and flavonoids are known to play a significant role in preventing 

chronic diseases caused by oxidative stress (Hamed et al., 2015; Patel et al., 2022). In this regard, algae also offer 

substantial potential. 

Macroalgae stand out for their phenolic and flavonoid content, which has been shown to be closely associated with 

their antioxidant capacity (Altuntaş et al., 2023; George & Shrivastav, 2023). Recent studies conducted since 2022 

have demonstrated that extracts derived from various freshwater and marine algae exhibit noteworthy antioxidant 

and antimicrobial effects (Abdel-Latif et al., 2022; Colorado-Ríos et al., 2025). These findings further underscore 

the significance of algae in natural product research. 

The Tigris River has historically served as a lifeline for Mesopotamian civilizations and has been at the center of 

cultural and economic development (Algaze, 2008; Değirmenci, 2007). Today, it draws attention not only for its 

ecological richness but also for the pharmaceutical potential of its biological diversity. Although previous studies 

have documented the algal flora of the river, there is limited data regarding the phenolic content and biological 

activities of these organisms (Uç & Pabuçcu, 2024). This gap highlights a significant research opportunity to 

explore local biological resources. 

This study was conducted to determine the phenolic compound content of V. aversa isolated from the Tigris River, 

to evaluate its antioxidant activities using DPPH, FRAP, and ABTS assays, and to assess its antimicrobial 

potential against clinically relevant microorganisms (Escherichia coli, Staphylococcus aureus, and Candida 

albicans). This study aimed to determine the phenolic compound profile of Vaucheria aversa isolated from the 

Tigris River, to evaluate its antioxidant capacity using DPPH, FRAP, and ABTS assays, and to assess its 

antimicrobial activity against clinically relevant microorganisms (Escherichia coli, Staphylococcus aureus, and 

Candida albicans). Beyond evaluating bioactivity, the study highlights the pharmaceutical potential of the 

macroalgal diversity of the Tigris River and provides novel data on Vaucheria species, which remain poorly 

represented in the literature. Although the bioactivity of V. aversa has been previously investigated, 
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comprehensive information integrating its phenolic composition, antioxidant properties, and antimicrobial 

spectrum against clinically significant bacterial and fungal pathogens remains limited. Importantly, this work 

represents the first bioactivity-focused investigation of V. aversa from the Tigris River and reports noteworthy 

results, thereby offering a valuable reference framework for future studies. Overall, the findings underscore the 

importance of local biodiversity and reinforce growing evidence that algae, as natural biological resources, may 

help address antibiotic resistance—an escalating global health challenge—through continued and systematic 

scientific research. 
 

MATERIAL and METHOD  

Identification and Isolation of Algae 

Vaucheria aversa was collected from selected benthic stations along the Tigris River (Diyarbakır, Türkiye). Algal 

samples were retrieved using sterile 250 mL plastic containers and transported to the laboratory in site water to 

minimize physiological stress. In the laboratory, samples were thoroughly rinsed in a tray under running tap water 

and repeatedly filtered to remove extraneous biotic and abiotic materials, including aquatic invertebrates, stones, 

sand particles, and epiphytic flora. Pure algal material was obtained using a mechanical isolation procedure 

(Akbal, 2025) and subsequently lyophilized for long-term storage prior to chemical and microbiological analyses 

(Lobban et al., 1988; Richmond & Hu, 2013). 

Taxonomic identification was carried out using a Zeiss Primo Star light microscope based on detailed morphological 

characteristics, and species determination was confirmed through comparison with authoritative taxonomic keys 

and databases (Canter-Lund & Lund, 1995; Findlay & Kling, 1979; Prescott, 1964; Guiry & Guiry, 2024). 
 

Antioxidant Studies 

DPPH Free Radical Scavenging Activity 

The free radical-scavenging activity (DPPH) of V. aversa extracts was evaluated using a method with minor 

modifications from that described by Blois (1958). A 0.26 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) solution was 

prepared in methanol. Stock solutions of the extracts and standards (1 mg/mL) were prepared, and test solutions 

were obtained at concentrations of 5, 10, 20, 30, 40, 60, 80, and 100 µg/mL. The final volume was adjusted to 3 mL 

with methanol, then 1 mL of DPPH• solution was added. The mixtures were vortexed and incubated in the dark 

at room temperature for 30 minutes. Absorbance was then measured at 517 nm, and the scavenging activity was 

expressed as a percentage. IC₅₀ values (µg/mL) were calculated for each extract and compared with the standard 

Trolox. 
 

ABTS Cation Radical Scavenging Activity 

The ABTS cation radical-scavenging activity of the extracts was determined using a method with minor 

modifications from that reported by Re et al. (1999). A 0.1 M phosphate buffer (pH 7.4) was prepared. ABTS (2 

mM) and potassium persulfate (2.45 mM) solutions were prepared in the same buffer, mixed at a 1:2 ratio, and 

incubated in the dark for 6 hours. Stock solutions of the test samples and standards (1 mg/mL) were prepared. 

Aliquots corresponding to concentrations of 5, 10, 20, 30, 40, 60, 80, and 100 µg/mL were transferred to test tubes, 

the final volume was adjusted to 3 mL with phosphate buffer, and 1 mL of ABTS⁺• solution was added. The 

mixtures were vortexed and incubated in the dark at room temperature for 60 minutes. Absorbance was measured 

at 734 nm, scavenging activity was calculated as a percentage, and IC₅₀ values (µg/mL) were determined for each 

extract and compared with Trolox. 
 

Ferric Reducing Antioxidant Power (FRAP) Assay 

FRAP assays were performed with minor modifications to the method described by Oyaizu (1986). From the stock 

solutions prepared at 1 mg/mL, 100 µL was transferred into test tubes, and the volume was adjusted to 1.25 mL 

with phosphate buffer (0.2 M, pH 6.6). Subsequently, 1.25 mL of 1% potassium ferricyanide [K₃Fe(CN)₆] was added, 

and the mixture was incubated at 50 °C for 20 minutes. After incubation, 1.25 mL of 10% trichloroacetic acid (TCA) 

and 0.25 mL of 0.1% FeCl₃ solutions were added sequentially, and the absorbance was measured at 700 nm. 
 

Total Phenolic Content 

The total phenolic content of the algal extracts was determined spectrophotometrically using the Folin–Ciocalteu 

reagent (Slinkard & Singleton, 1977). Stock solutions of the extracts and standards were prepared at 1 mg/mL. An 

aliquot of 100 µL was mixed with 4.5 mL of distilled water, followed by the addition of 100 µL of Folin–Ciocalteu 

reagent. After standing at room temperature for 10 minutes, 300 µL of 2% Na₂CO₃ solution was added. The mixture 
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was vortexed and incubated at room temperature for 120 minutes, and absorbance was measured at 760 nm. A 

calibration curve was constructed using gallic acid as the standard, and the results were expressed as milligrams 

of gallic acid equivalents per gram of extract. 
 

Total Flavonoid Content 

The total flavonoid content of the extracts was determined using the aluminum chloride colorimetric method 

(Chang et al., 2020). Stock solutions of the samples were prepared at 1 mg/mL in methanol. An aliquot of 100 µL 

from each solution was transferred into test tubes, and methanol was added to obtain a final volume of 4.8 mL. 

Subsequently, 100 µL of 1 M NH₄CH₃COO and 100 µL of 10% AlCl₃ solutions were added, and the mixtures were 

vortexed. The reaction mixtures were incubated at room temperature for 45 minutes, after which absorbance was 

measured at 415 nm. A calibration curve was prepared using quercetin as the standard, and the total flavonoid 

content was expressed as milligrams of quercetin equivalents per gram of extract. 
 

LC–MS/MS Analysis 

LC–MS/MS analysis was performed to quantitatively determine the phenolic compounds present in V. aversa. 

Approximately 0.5 g of each sample was weighed, and 10 mL of a methanol–dichloromethane (8:2, v/v) solvent 

mixture was added. The samples were extracted for 2 hours using a KUDOS ultrasonic bath. The extracts were 

then filtered through a 0.45 µm syringe filter and transferred into vials. Analyses were carried out using an LC–

MS/MS system according to the method described by Lim and Lord (2002). 
 

Antimicrobial Studies 

Bacterial and Fungal Strains 

The microorganisms used in this study were obtained from the Culture Collection of the Department of Medical 

Microbiology, Dicle University. The test panel comprised clinically relevant reference strains, including 

Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Acinetobacter baumannii ATCC 17978, 

Klebsiella pneumoniae ATCC 700603, and Candida albicans ATCC 10231. As the study was conducted exclusively 

using standard reference strains obtained from an institutional culture collection and did not involve human or 

animal subjects, ethical committee approval was not required. 
 

Culture Media 

To maintain the viability of the strains and to evaluate the antimicrobial activity of V. aversa, the agar well-

diffusion assay was performed using Nutrient Agar (NA; Oxoid) for bacterial strains and Sabouraud Dextrose Agar 

(SDA) for fungal strains. 
 

Preparation of Algal Extracts 

For the antimicrobial assays, 1 mg of dried V. aversa biomass was weighed and extracted with solvent to a final 

volume of 1 L. The extraction was carried out at room temperature for 1 h with continuous mixing. Following 

extraction, the samples were centrifuged at 13,000 rpm for 3 min to remove particulate matter. Subsequently, 0.35 

g of the dried extract was accurately weighed and dissolved in 875 µL of ethanol. The resulting solutions were 

allowed to stand and were stored at 4 °C for 24–48 h prior to antimicrobial analysis. 
 

Preparation of Microbial Cultures 

Single colonies were obtained from bacterial strains incubated overnight (18–24 h) at 37 °C on Nutrient Agar and 

from fungal strains incubated for 48 h at 37 °C on Sabouraud Dextrose Agar. These colonies were inoculated into 

5 mL of Nutrient Broth and incubated at 37 °C for 18–24 hours for bacteria and 48 hours for fungi before 

antimicrobial testing. 

 

Evaluation of Antimicrobial Activity 

The antimicrobial activity of V. aversa extracts was evaluated using the agar well diffusion method (Navarro et 

al., 1996; Sharma et al., 2004). A modified protocol was applied, in which Sabouraud Dextrose Agar was used for 

Candida albicans and Mueller–Hinton agar was used for bacterial strains (Bayazıt, 2023). Initially, standardized 

microbial inocula were uniformly spread over the agar surface, after which wells with a diameter of 6–7 mm were 

aseptically punched into the agar plates (Balouiri et al., 2015; Patton et al., 2006). Subsequently, 100 µL of the 

algal extract was dispensed into each well (Albayati et al., 2020; İnci et al., 2021). The plates were incubated at 37 

°C for 18–24 h for bacterial strains and for 48 h for fungal strains (Bayazıt, 2023). Following incubation, inhibition 
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zone diameters were measured using a digital caliper. All experiments were performed in triplicate under aseptic 

conditions (Patton et al., 2006; Peksezer et al., 2021). 
 

Statistical Analysis 

All experiments were performed in triplicate, and results were expressed as mean ± standard deviation. Statistical 

analyses were performed using Microsoft Excel (Windows). Differences among treatments in antimicrobial activity 

were evaluated by one-way analysis of variance (ANOVA), with statistical significance set at p < 0.05. The results 

were summarized in tables and illustrated graphically. 

 

RESULTS  

In this study, the phenolic content, antioxidant capacity, and antimicrobial activity of Vaucheria aversa isolated 

from the Dicle River were investigated. The findings not only demonstrate the biological potential of this species 

but also contribute valuable insights to the limited literature on the genus Vaucheria. 
 

Antioxidant Assays 

The antioxidant capacity of V. aversa was evaluated using multiple complementary assays reflecting different 

antioxidant mechanisms. The relatively high total phenolic content (64.28 ± 2.11 mg GAE/g extract) indicates that 

V. aversa is a phenolic-rich freshwater macroalga, with phenolic compounds likely playing a central role in its 

antioxidant activity. The total flavonoid content (15.21 ± 0.89 mg QE/g extract) further supports the contribution 

of flavonoid subclasses, which may act synergistically with other phenolics. 

The FRAP value (65.55 ± 3.18 mg TE/g extract) closely corresponded with the total phenolic content, suggesting a 

strong electron-donating capacity of the extract. This result highlights the ability of V. aversa antioxidants to 

reduce ferric ions, a mechanism that is particularly relevant in preventing metal-induced oxidative stress. 

Radical-scavenging assays revealed differential responses across assay systems. The DPPH assay yielded an IC₅₀ 
value of 38.25 ± 1.41 µg/mL, indicating moderate scavenging activity against lipophilic radicals. In contrast, the 

ABTS assay showed a considerably lower IC₅₀ value (16.39 ± 1.02 µg/mL), demonstrating a stronger scavenging 

capacity, especially toward hydrophilic radicals. This discrepancy underscores the importance of using multiple 

antioxidant assays when evaluating complex natural extracts. 

Although the IC₅₀ values of V. aversa extracts were higher than those of the Trolox standard, such differences are 

expected given the structural complexity and heterogeneous nature of natural products. Similar trends have been 

reported for freshwater algal extracts, which often exhibit higher IC₅₀ values than synthetic standards while still 

demonstrating significant biological activity. 

LC–MS/MS analysis identified cinnamic acid and gallic acid as the predominant phenolic compounds, both of which 

are well known for their strong antioxidant properties. The dominance of these compounds provides a chemical 

basis for the observed antioxidant activities and explains the extract's strong performance in the ABTS and FRAP 

assays (Figures 1 and 2). 

Overall, the results indicate that V. aversa possesses a robust antioxidant profile driven primarily by its phenolic 

composition, supporting its potential as a natural antioxidant source. 

LC–MS/MS analysis identified cinnamic acid and gallic acid as the predominant phenolic compounds, both of which 

are well known for their strong antioxidant properties. The dominance of these compounds provides a chemical 

basis for the observed antioxidant activities and explains the extract's strong performance in the ABTS and FRAP 

assays (Figure 2). 

Overall, the results indicate that V. aversa possesses a robust antioxidant profile driven primarily by its phenolic 

composition, supporting its potential as a natural antioxidant source. 
 

Antimicrobial Activity 

According to the results of the agar well-diffusion assay, V. aversa extracts exhibited varying levels of antimicrobial 

activity depending on the solvent used (Figure 3). No antimicrobial activity was observed in the distilled water and 

methanol–distilled water extracts, whereas clear inhibition zones were observed in the DMSO, methanol, and 

ethanol extracts. Notably, the ethanol extract showed the highest activity against C. albicans, with an inhibition 

zone of 26.3 ± 1.67 mm. These findings indicate that macroalgal extracts may possess considerable antimicrobial 

potential, particularly against fungal pathogens. In addition, the methanol extract exhibited pronounced activity 

against E. coli and S. aureus. 
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Figure 1. Antioxidant properties of V. aversa. 
Şekil 1. V. aversa’nın antioksidan özellikleri. 

 
 

 
Figure 2. LC-MS/MS phenolic compound analyses of V. Aversa 

Şekil 2. V. aversa’nın LC-MS/MS fenolik bileşik analizleri 
 

 
Figure 3. Antimicrobial properties of V. Aversa 
Şekil 3. V. aversa’nın antimikrobiyal  özellikleri 
 

Supporting these results, antimicrobial activities have also been reported for other freshwater Vaucheria species. 

Extracts of V. sessilis were shown to exhibit both antibacterial and antifungal effects, particularly against Gram-

positive bacteria and yeast strains (Kumar et al., 2018). Similarly, phenolic-rich extracts of V. dichotoma 

demonstrated inhibitory activity against E. coli, S. aureus, and Candida species, with solvent polarity playing a 

key role in bioactivity (Singh & Thakur, 2020). Together with the present findings, these studies suggest that the 

antimicrobial potential observed in V. aversa is consistent with a broader bioactive profile within the genus 

Vaucheria. 

0

20

40

60

80

V. aversa    Trolox (Standard)

Antioxidant Properties of V. aversa with different methods

Total Phenolic Content

(mgGAE/g extract)

Total Flavonoid

(mgQE/g extract)

FRAP

 (mgTE/g extract)

DPPH

(IC50: µg/ml)

ABTS

(IC50: µg/ml)

0

10

20

30

40

Gallic Acid Syringic Aldehyde Cinnamic Acid

Phenolic Compound Amount of V. aversa

0

4

8

12

16

20

24

28

E. coli S. aerosus C. albicansZ
o
n

e
 i

n
h

ib
it

io
n

 (
m

m
)

Antimicrobial Effects of V. aversa  extracts with Different Solvents

Distilled Water Methanol+Distilled Water DMSO Methanol Ethanol



KSÜ Tarım ve Doğa Derg 29 (6), 1392-1401, 2026 

KSU J. Agric Nat  29 (6), 1392-1401, 2026 

Araştırma Makalesi 

Research Article 
 

1398 

All experiments were performed in triplicate. Differences among samples were analyzed using one-way analysis of 

variance (ANOVA) in SPSS (Windows). The results indicated a statistically significant effect of treatment on the 

measured antimicrobial activity (F(2, 12) = 15.32, p < 0.001). Post hoc comparisons using Tukey’s HSD test revealed 

that Group A differed significantly from Group B (p = 0.002) and Group C (p = 0.015), whereas no statistically 

significant difference was observed between Groups B and C (p = 0.284). 
 

DISCUSSION 

In this study, the phenolic and flavonoid contents, antioxidant activities, and antimicrobial potential of Vaucheria 

aversa were comprehensively evaluated. The results demonstrate that this species exhibits a notable profile of 

biological activities and represents a promising freshwater macroalga with pharmaceutical relevance. 

The total phenolic content of V. aversa was determined to be 64.28 ± 2.11 mg GAE/g, while the total flavonoid 

content was 15.21 ± 0.89 mg QE/g. These values fall within the reported 10–20 mg QE/g range for green algae 

(Altuntaş et al., 2023), indicating that V. aversa is a flavonoid-rich species. Antioxidant capacity was assessed 

using three complementary assays, with FRAP values of 65.55 ± 3.18 mg TE/g, a DPPH IC₅₀ of 38.25 ± 1.41 µg/mL, 

and an ABTS IC₅₀ of 16.39 ± 1.02 µg/mL. The particularly low ABTS IC₅₀ value underscores the extract's strong 

radical-scavenging ability. Although these values are higher than those of Trolox (DPPH: 11.95 ± 0.71 µg/mL; 

ABTS: 9.9 ± 0.11 µg/mL), the extract demonstrates pharmaceutically meaningful antioxidant potential when the 

complex nature of natural mixtures is considered. 

These findings are consistent with previous reports indicating a strong correlation between phenolic compound 

content and antioxidant activity in algal extracts (Abdel-Latif et al., 2022; Colorado-Ríos et al., 2025). Phenolic 

compounds such as gallic acid and cinnamic acid are known to effectively neutralize free radicals and provide 

protective effects against oxidative stress-related biological processes (George & Shrivastav, 2023). In the present 

study, cinnamic acid (41.77 µg/g) and gallic acid (17.58 µg/g) were identified as the predominant phenolic 

constituents, which is in agreement with the high antioxidant capacity observed. Although syringic aldehyde was 

detected at relatively low levels, the overall diversity of phenolic compounds likely contributes to the extract's 

biological activity. 

A review of the literature indicates that phenolic composition in the genus Vaucheria varies substantially across 

species, habitats, and extraction methods (Patel et al., 2022). For example, extracts of V. sessilis have been reported 

to contain polyphenols such as chlorogenic acid, ferulic acid, gallic acid, and rutin, which exhibit up to 86% radical-

scavenging activity in DPPH assays (Al Knani et al., 2023). Similarly, studies on V. geminata have demonstrated 

significant antioxidant activities using FRAP and ABTS assays (Vuran et al., 2012; El-Tablawy et al., 2020). 

Although the antioxidant capacity of V. aversa appears lower than that reported for some of these species, it 

nonetheless shows strong potential due to its high phenolic and flavonoid contents. 

More recently, n-butanol and ethyl acetate extracts of V. karachiensis were evaluated for antioxidant and 

antimicrobial activities, with the ethyl acetate extract showing the highest activity and a phenolic content of 1.74 

mg GAE/g (Iqbal et al., 2024). This value is markedly lower than that observed in the present study, suggesting 

that V. aversa is among the phenolic-rich species within the genus. 

The antimicrobial activity of V. aversa extracts was strongly dependent on the extraction solvent. Minimal 

inhibition zones were observed for distilled water and methanol–water extracts, whereas DMSO, methanol, and 

ethanol extracts produced clinically relevant inhibition zones. The DMSO extract exhibited substantial activity 

against E. coli, S. aureus, and C. albicans, while the methanol extract demonstrated broad-spectrum activity 

against both Gram-negative and Gram-positive bacteria and the fungal strain. Notably, the ethanol extract 

displayed the strongest antifungal activity against C. albicans. 

These findings are noteworthy in light of previous reports suggesting that macroalgal extracts are generally more 

effective against Gram-positive bacteria (Pérez et al., 2016). The pronounced activity of V. aversa against the 

Gram-negative bacterium E. coli suggests a distinct and potentially valuable antimicrobial profile. Furthermore, 

the strong antifungal activity observed is consistent with recent studies highlighting the antifungal potential of 

algal-derived compounds (Colorado-Ríos et al., 2025). 

Comparable trends have been reported for other Vaucheria species. Orhan et al. (2003) observed that only 

chloroform extracts of V. sessilis exhibited antibacterial activity, while extracts obtained with other solvents were 

largely inactive against S. aureus, P. aeruginosa, and E. coli. In contrast, the results of the present study indicate 

that V. aversa exhibits a broader spectrum of antimicrobial activity. Similarly, Assunção et al. (2017) reported 

notable antioxidant and antimicrobial activities across several Vaucheria species. 

Overall, the findings demonstrate that the phenolic and flavonoid richness of V. aversa is closely associated with 

its strong antioxidant capacity and that this species can exhibit broad-spectrum antimicrobial activity depending 

on the extraction solvent. Compared with the limited studies available on Vaucheria species from different 

geographical regions, V. aversa collected from the Dicle River displays higher phenolic content and wider biological 

activity. This underscores the importance of exploring regional biodiversity and highlights the pharmaceutical 
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potential of this relatively understudied algal genus. Recent reviews further emphasize the promise of natural 

phenolic compounds in preventing oxidative stress-related diseases and in the development of antimicrobial 

therapies (Altuntaş et al., 2023; George & Shrivastav, 2023; Hamed et al., 2015; Patel et al., 2022). In this context, 

V. aversa emerges as a promising candidate for future pharmaceutical and natural product research. 
 

CONCLUSION and RECOMMENDATIONS 

In this study, the phenolic and flavonoid contents, antioxidant activities, and antimicrobial potential of Vaucheria 

aversa isolated from the Dicle River were comprehensively evaluated. The findings demonstrate that this species 

exhibits a notable biological profile, including both antioxidant capacity and broad-spectrum antimicrobial activity. 

The total phenolic (64.28 ± 2.11 mg GAE/g) and flavonoid (15.21 ± 0.89 mg QE/g) contents of V. aversa were 

consistent with reported ranges for freshwater macroalgae, with phenolic richness emerging as a key factor 

underlying its biological properties. 

Antioxidant capacity was assessed using FRAP, DPPH, and ABTS assays, revealing the species’ strong radical-

scavenging potential. The particularly low ABTS IC₅₀ value confirms the extract’s effective free radical scavenging 

ability and its close association with high phenolic content. LC–MS/MS analysis indicated the predominance of 

cinnamic acid and gallic acid, compounds widely recognized for their potent antioxidant and antimicrobial 

activities, thereby elucidating the chemical basis of the observed biological effects. These results support the study 

hypothesis and suggest that V. aversa may be considered a valuable natural source of antioxidants. 

The antimicrobial activity results further highlight the promising pharmaceutical potential of V. aversa. Extracts 

prepared using organic solvents exhibited notable inhibitory effects against Gram-positive and Gram-negative 

bacteria, as well as fungal strains. The pronounced activity observed against the Gram-negative bacterium 

Escherichia coli is particularly noteworthy, as it contrasts with previous reports indicating that macroalgal 

extracts are generally more effective against Gram-positive bacteria. Moreover, the strong antifungal activity of 

the ethanol extract against Candida albicans is consistent with recent studies emphasizing the antifungal potential 

of algal-derived compounds. Together, these findings contribute to ongoing efforts to identify new natural 

antimicrobial agents in response to the global challenge of increasing antibiotic resistance. 

Overall, the results indicate that V. aversa stands out for its high phenolic and flavonoid content, strong 

antioxidant capacity, and broad-spectrum antimicrobial activity. These characteristics underscore its potential as 

a natural product for pharmaceutical applications and highlight the pharmaceutical value of the Dicle River’s 

biodiversity. Given the limited number of studies available on Vaucheria species, this research fills an important 

gap in the literature and provides a foundation for future investigations. 

Future studies should focus on validating these findings through in vivo assays and bioavailability studies, 

elucidating the molecular mechanisms underlying the biological effects of the identified phenolic compounds, and 

exploring the biotechnological scalability of V. aversa. In addition, evaluating its potential use as a natural 

antioxidant and antimicrobial additive in pharmaceutical formulations and the food industry may yield significant 

academic and industrial benefits. In conclusion, this study provides an original contribution by reporting, for the 

first time, the phenolic profile and biological activities of V. aversa, offering valuable data that support both the 

conservation of local biodiversity and the advancement of natural product research. 
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