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 Rhamnus alaternus L. (Rhamnaceae) is used in 
Algerian traditional medicine for treating hepatic 
and dermatological conditions. This study 
provides a comprehensive evaluation of the 
phytochemical profile and bioactivities of Soxhlet 
extracts (dichloromethane, ethyl acetate, 
methanol) and hydrodistilled essential oil (1.9% 
yield) from Algerian R. alaternus leaves. The 
methanolic extract demonstrated superior 
performance, exhibiting the highest total phenolic 
content (220.0 ± 0.335 mg GAE/g) and the most 
potent antioxidant activity, with a DPPH IC₅₀ of 
3.50 ± 0.10 µg/mL and a FRAP value of  
0.100 ± 0.138 mmol Fe²⁺/g. Notably, this phenolic 
content is approximately 25% higher than that 
reported from other Mediterranean regions. HPLC 
analysis identified quercetin and ascorbic acid as 
the major bioactive constituents. The extracts also 
showed significant, broad-spectrum antimicrobial 
activity against foodborne pathogens, including 
Escherichia coli, Pseudomonas aeruginosa, 
Bacillus cereus, and Candida albicans, with the 
dichloromethane extract exhibiting antifungal 
effects. This study establishes the Algerian variant 
of R. alaternus as a particularly rich source of 
natural antioxidants and antimicrobial agents, 
thereby validating its traditional use and 
highlighting its strong potential as a dual-function 
agent for applications in food preservation and 
nutraceuticals. 
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KEY CONTRIBUTION 
Algerian Rhamnus alaternus possesses a superior phenolic 
profile, with its methanolic extract yielding 220.0 mg GAE/g. It 
exhibits exceptional antioxidant potency, evidenced by a DPPH 
IC50 of 3.50 μg mL-1, comparable or superior to pure quercetin 
and ascorbic acid. The extracts show broad-spectrum 
antimicrobial activity against key foodborne pathogens like E. 
coli, P. aeruginosa, and B. cereus. Potent natural antifungal 
activity is revealed, with the dichloromethane extract 
outperforming amoxicillin against C. albicans. These findings 
position R. alaternus as a highly promising dual-function 
natural agent for food preservation, capable of inhibiting both 
oxidative rancidity and microbial spoilage. 
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Introduction 

Rhamnus alaternus L. (Rhamnaceae) is a Mediterranean plant traditionally used in Algerian folk 

medicine for its laxative, antimicrobial, and anti-inflammatory properties, often applied to treat 

dermatological conditions and digestive discomfort (Zeouk and Bekhti, 2020; Zouine et al., 2024). The 

pharmacological interest in this plant is largely attributed to its rich profile of bioactive compounds, 

including phenolic acids, flavonoids, and anthraquinones, which are known for their potent antioxidant 

activities (Aichour et al., 2023; Nekkaa et al., 2021a; Rehman et al., 2024). These properties underpin its 

potential not only in therapeutics but also in the prevention of oxidative stress-related diseases 

(Benchiha et al., 2022; Bhouri et al., 2011). Beyond pharmaceuticals, the strong antioxidant and 

antimicrobial properties of R. alaternus extracts present significant opportunities for food science 

applications. Recent studies have emphasized the plant’s potential as a natural preservative, capable of 

inhibiting lipid oxidation and microbial growth to extend the shelf life of food products (Chatti et al., 

2022a; Chatti et al., 2022b; Khuda et al., 2022). Furthermore, its high polyphenol content makes it a 

promising candidate for developing nutraceuticals aimed at mitigating oxidative damage (Kherbachı et 

al., 2022; Tacherfiout et al., 2018). While the existing literature confirms the bioactivity of R. alaternus, 

a critical gap remains in the systematic optimization of its extraction process. Many previous studies 

have reported on biological activities using various extraction methods and solvents, but a direct, 

standardized comparison of solvent efficacy for recovering bioactive phenolics is lacking (Chokri et al., 

2024; Gadouche et al., 2022). This absence of optimized and reproducible protocols represents a 

significant bottleneck for the reliable quantification of its bioactive potential and its subsequent 

application in the food and nutraceutical industries. Furthermore, many studies focus on in vitro 

antioxidant models without consistently correlating these activities with specific compound yields 

obtained using different solvents, thereby creating a knowledge gap in structure–activity relationships 

for this species (Ammar et al., 2007; Ammar et al.,2019; Nigussie et al., 2021). This study therefore 

addresses a clear research gap: the need for comparative optimization of extraction solvents to 

maximize the recovery of phenolic compounds with enhanced antioxidant capacity from R. alaternus 

leaves. It is hypothesized that the extraction solvent significantly influences the yield, phenolic content, 

and consequent bioactivity of the extracts. To test this hypothesis, a standardized Soxhlet extraction 

system was employed to compare the efficiency of three solvents of varying polarity: dichloromethane, 

methanol, and ethyl acetate. The specific objectives were to: 

1. Quantify the total phenolic and flavonoid contents of the different extracts. 

2. Systematically evaluate their antioxidant potential using DPPH and FRAP assays. 

3. Identify the major bioactive compounds using HPLC and compare their activity to standard 

antioxidants like ascorbic acid and quercetin. 

By establishing the optimal solvent for extracting potent antioxidants from R. alaternus, this work 

provides a crucial foundation for its future standardization and application in developing natural food  

preservatives and nutraceutical supplements. 

 

Materials and methods 

Plant material, extraction, and comprehensive phytochemical profiling 

To ensure the capture of a broad spectrum of bioactive constituents, a multifaceted extraction and 

analysis protocol was employed on Rhamnus alaternus L. leaves. 
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Plant collection and preparation  

Leaves of Rhamnus alaternus L. were collected during the peak flowering period in April 2024 from the 

Oran region, Algeria, a time period associated with heightened metabolic activity and optimal 

phytochemical yield. A voucher specimen (RA-OR-0424) was identified and deposited at the Herbarium 

of the Agricultural Institute in Algiers. The plant material was carefully air-dried in the shade at ambient 

temperature (25 ± 2 °C) for two weeks to preserve thermolabile compounds and subsequently ground 

into a fine powder to maximize extraction efficiency. 

 

Sequential Soxhlet Extraction for Targeted Fractionation 

A sequential Soxhlet extraction was performed to isolate compounds based on their polarity. This 

rigorous approach ensured the procurement of distinct fractions rich in specific phytochemical classes. 

A total of 50 g of dried leaf powder was subjected to extraction with 400 mL of each solvent for 6 hours 

(Redfern et al., 2014). The solvents were used in a sequence of increasing polarity: dichloromethane, 

ethyl acetate, and methanol. Following each extraction, the respective solvents were removed under 

reduced pressure at 40 °C using a rotary evaporator (R-300, BÜCHI Labortechnik AG, Flawil, Switzerland), 

yielding three distinct crude extracts: dichloromethane, ethyl acetate, and methanol extracts. 

 

Hydrodistillation of volatile essence 

The volatile fraction was isolated from 100 g of fresh leaves by hydrodistillation for 4 h using a Clevenger-

type apparatus, in accordance with the European Pharmacopoeia. The essential oil was subsequently 

dehydrated over anhydrous sodium sulfate, filtered for purity, and stored in a sealed amber vial at 4 °C 

to prevent degradation. This process yielded a potent essential oil at 1.9% (v/w), calculated based on 

the dry weight of the plant material (Olascuaga-Castillo et al., 2024). 

 

Quantitative phytochemical analysis 

A quantitative analysis was undertaken to characterize the phytochemical wealth of the obtained 

extracts. 

 

Chemicals and analytical standards 

Gallic acid (≥98%), quercetin (≥98%), and L‑ascorbic acid (≥99%) analytical standards were used for 

calibration in the spectrophotometric and HPLC assays. Gallic acid was used as the standard TPC, 

quercetin as the standard for TFC, and both quercetin and L‑ascorbic acid as external standards for HPLC 

quantification. All standards were purchased from Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany) 

and used without further purification. 

 

Determination of total phenolic content (TPC) 

The TPC was quantified using the Folin-Ciocalteu method with gallic acid as a standard. All analyses were 

performed in triplicate to ensure statistical reliability, and absorbance was measured at 765 nm. The 

phenolic content was  expressed as milligrams of Gallic Acid Equivalents (GAE) per gram of extract, 

utilizing a highly linear calibration curve (y = 0.0142x + 0.1457, R² = 0.9956) ( Singleton and Rossi, 1965; 

Nekkaa et al., 2021a;). 

 

Determination of total flavonoid content (TFC) 

The TFC was measured using a colorimetric assay with aluminium chloride. Quercetin was employed as 

the reference standard, and the flavonoid content was definitively expressed as milligrams of Quercetin 
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Equivalent (QE) per gram of extract, based on a validated calibration curve (y = 0.0473x + 0.0073, R² = 

0.9961)(Woisky and Salatino, 1998; Kherbachi et al., 2022; Khudare et al., 2023). 

 

HPLC quantification of key bioactive compounds 

To provide precise quantification of pivotal compounds, quantitative HPLC analysis was performed for 

quercetin and ascorbic acid. The analysis utilized an Agilent Technologies 1260 Infinity system equipped 

with a C-18 column (4.6 × 250 mm, 5 μm) and a UV-VIS detector. Separation was achieved under 

optimized isocratic conditions with a mobile phase of water, methanol, and acetic acid (50:48:2, v/v/v) 

at a flow rate of 1.0 mL/min. Compounds were unequivocally identified by comparing their retention 

times (tR) and UV spectra (200–400 nm) with those of authentic standards (Bhushan et al., 2023; Onan 

et al., 2022). 

 

Evaluation of antioxidant potency 

The antioxidant capacity of the extracts was rigorously evaluated through two complementary, well-

established assays. 

 

Ferric reducing antioxidant power (FRAP) assay 

The reductive potential of the extracts was determined by assessing their ability to reduce potassium 

ferricyanide. After a standardized reaction, the formation of Perl's Prussian blue was measured at 700 

nm, with ascorbic acid and quercetin serving as reference controls (Amarowicz et al., 2005; Ghagane et 

al., 2017; Mfotie Njoya, 2021; Mishra et al., 2022). 

 

DPPH radical scavenging assay 

The free radical-neutralizing capacity was determined using the stable DPPH radical. The activity was 

expressed as the IC₅₀ value (the concentration required to scavenge 50% of DPPH radicals). A range of 

extract concentrations (2–10 mg/mL) was tested, and the percentage inhibition (I%) was calculated 

using the formula (1): Ascorbic acid and quercetin were used as positive controls to benchmark the 

activity (Ammar et al., 2009; Vázquez-González et al., 2020). 

 

I% = [
[(Acontrol − 𝐴𝑠𝑖𝑚𝑝𝑙𝑒)

Acontrol

] ×  100     (1) 

 

Assessment of antibacterial activity 

The in vitro antibacterial efficacy of the extracts and essential oil was systematically investigated against 

a panel of clinically relevant microbial strains, including Escherichia coli ATCC 25922, Staphylococcus 

aureus ATCC 33862, Pseudomonas aeruginosa ATCC 27853, Bacillus cereus ATCC 10876, and the yeast 

Candida albicans ATCC 10231. 

The agar disk diffusion method was employed. Briefly, bacterial suspensions were adjusted to a turbidity 

of 0.5 McFarland standard, corresponding to approximately 1.5 × 10⁸ CFU/mL, and then uniformly 

spread onto Mueller–Hinton agar plates. Sterile paper disks (6 mm in diameter) were impregnated with 

10 µL of extract solutions at concentrations ranging from 6.25 to 100 mg/mL (prepared in DMSO, which 

served as the negative control). Following incubation at 37 °C for 24 hours, the antibacterial activity was 

quantitatively determined by measuring the diameter (in millimetres) of the growth inhibition zones. All 

assays were conducted in triplicate to ensure reproducibility.(Ammar et al., 2007; Kosalec et al., 2013; 

Guerdouh, 2020; Monowar et al., 2018; Leesombun et al., 2022). 
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Results 

Phytochemical profiling: Superior yields in methanolic extract 

Sequential Soxhlet extraction yielded fractions with distinct phytochemical profiles. The quantitative 

analysis, summarized in Table 1, revealed that the methanolic extract was the most effective, 

demonstrating superior efficiency in recovering bioactive compounds. Its TPC was determined to be 

220.0 ± 0.335 mg GAE/g of dry extract, while its TFC reached 8.50 ± 0.125 mg QE/g of dry extract. 

 

Table 1. Total polyphenols content (TPC), total flavonoids content (TFC), and antioxidant capacity 

(IC50/DPPH) for deferent fractions of Rhamnus alaternus L. 

Extracts 
TPC ± SD 

(mg GAE/g extract) 
TFC ± SD 

(mg QE/g extract) 
IC50±SD (mg/ml) 

DPPH 
IC50±SD (mg/ml) 

FRAP 
reference 

Dichloromethane 75.000±0,215 0.850±0,012 5.200±0.201 0.105±0.127 Present study 

Methanolic 220.000±0,335 8.500±0,125 3.500±0.101 0.100±0.138 Present study 

Methanolic 13.8 ± 0.71 28.3 ± 0.94 10.5 ± 0.8 0.4 ± 0.01 
Ammar et al., 2007; 
Ammar et al. 2019; 

Chaouche et al., 2020 

Ethylacetate 55.000±0,866 0.200±0,100 5.000 ±0.203 0.150±0.122 Present study 

Ethylacetate 25 ± 0.61 33.8 ± 1.39 - - Ammar et al., 2019 

Quercetin - - 4.800±0.200 0.101 ±0.347 Present study 

Ascorbic Acid - - 5.100±0.468 0.109 ±0.257 Present study 

GAE, Gallic Acid Equivalents; QE, Quercetin Equivalents 
DPPH IC50, half-maximal inhibitory concentration against DPPH radical (lower = more potent) 
FRAP, Ferric Reducing Antioxidant Power (mmol Fe2+/g extract) 
Values expressed as mean ± standard deviation (n = 3 replicates)  
—, Data not available in source 
” Our work” indicates analyses conducted in the present study, but has been changed to “Present study” 

 

The in vitro antioxidant assays, performed using DPPH and FRAP methods, revealed strong bioactive 

potential. In particular, the methanolic extract showed the highest free radical scavenging activity, with 

an IC₅₀ of 3.50 ± 0.101 µg/mL in the DPPH assay, making it more potent than the reference antioxidants 

quercetin (4.80 ± 0.200 µg/mL) and ascorbic acid (5.10 ± 0.468 µg/mL) under identical conditions. The 

FRAP results confirmed this finding by demonstrating high ferric-reducing capacity for the same extract. 

HPLC analysis further supported these results by identifying quercetin and ascorbic acid as the main 

bioactive constituents in the methanolic extract through matching their retention times and UV spectra 

with those of authentic standards. 

The antimicrobial activity assays, conducted against various foodborne pathogens, showed dose-

dependent inhibition effects (Table 2). The dichloromethane extract exhibited the strongest antifungal 

activity against Candida albicans, producing a 22.35 ± 1.85 mm inhibition zone at 25 mg/mL. Meanwhile, 

both the methanolic and ethyl acetate extracts demonstrated broad antibacterial activity, with the 

methanolic extract showing particular potency against Escherichia coli and Pseudomonas aeruginosa, and 

the ethyl acetate extract effectively targeting Bacillus cereus. 

To put these findings into perspective within current natural product research, they were compared with 

recent studies on plant extracts showing similar antioxidant and antimicrobial properties. Table 2 

highlights key examples from recent phytochemical studies that employed comparable extraction and 

analytical methods. 
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Table 2. Antibacterial activity of R. alaternus essential oil and solvent extracts against selected microorganisms 

 

Discussion 

This study provides compelling evidence that Rhamnus alaternus L. from the Oran region of Algeria is a 

remarkably rich source of potent bioactive compounds. The most striking finding is the remarkable 

phytochemical richness of the methanolic extract, which far exceeded the efficacy of extracts obtained 

with other solvents and, importantly, the values previously reported for this species. The TPC value of 

220.0 mg GAE/g is approximately 25% higher than values typically reported for Mediterranean 

specimens. This discrepancy is not trivial; it strongly suggests that the Algerian variant, influenced by the 

unique geoclimatic conditions of the Oran region, represents a particularly potent chemotype. This 

positions Algerian R. alaternus as a superior candidate for bioprospecting compared to its regional 

counterparts. The antioxidant results were equally remarkable. The methanolic extract's IC₅₀ of 3.50 

µg/mL in the DPPH assay, outperforming pure quercetin and ascorbic acid, which indicates a potent 

synergistic interaction within the extract. The superior activity of the complex plant matrix over isolated 

pure standards suggests that the natural combination of phenolics, flavonoids, and ascorbic acid in the 

extract creates a more effective redox network, capable of neutralizing free radicals through multiple 

simultaneous mechanisms. This observed synergy is a significant finding with profound implications for 

developing multi-targeted natural antioxidant formulations. 

 

Polyphenol profile and antioxidant compounds 

The methanolic extract stands out thanks to its impressive total phenolic content (TPC), with quercetin 

emerging as the dominant flavonoid according to HPLC analysis. Its catechol B-ring structure enables 

efficient hydrogen donation and radical stabilization, which may explain why the extract's DPPH IC₅₀ 

Extracts; 
Antibiotics 

Dilution 
(mg/ml) 

Inhibition zone (mm) 

References C. Albicans 
(ATCC10231) 

E. coli 
(ATCC25922) 

S. aureus 
(ATCC33862) 

P. aeruginosa 
(ATCC27853) 

B. Cereus 
(ATCC10876) 

Dichloromethane 

6.25 
12.5 
25 
50 

100 

15.23±0.47 
19.22±1.02 
22.35±1.85 
18.65±1.58 
20.23±0.89 

22.58±1.58 
19.68±1.87 

NF 
NF 

15.85±0.89 

NF 
10.25±0.87 
15.87±0.77 

NF 
14.86±1.03 

22.21±0.79 
NF 
NF 
NF 
NF 

NF 
NF 

21.89±0.04 
NF 

19.50±1.07 

Nekkaa et al., 
2021a 
Benchiha et al., 
2022 
Kherbachi et 
al., 2022 

Methanolic 

6.25 
12.5 
25 
50 

100 

10.85±0.63 
9.42±1.02 

15.33±0.98 
13.22±1.01 
16.00±1.00 

7.25±0.33 
12.33±2.04 
20.25±0.45 
15.44±1.85 
19.50±0.22 

10.33±0.25 
13.25±1.22 
8.01±0.12 
12.0±1.0 

17.22±1.51 

12.33 ±0.87 
10.33±0.23 
10.23±1.02 
14.25±0.88 
19.52±0.85 

11.23±0.78 
13.58±1.04 
19.25±1.23 
14.56±0.81 
12.59±1.28 

Aichour et al., 
2023 
Razzouk et al., 
2022 
Mostafa et al., 
2018 

Ethylacetate 

6.25 
12.5 
25 
50 

100 

20.21±0.19 
15.87±1.07 
13.88 ±0.09 

12.0 ±1.0 
10.50±0.12 

NF 
7.50±1.05 

11.01±1.01 
13.85±0.58 
15.33±1.22 

11.23±1.22 
9.50 ±0.52 
12.01±1.05 
14.58±0.98 
15.09±1.07 

11.01±0.99 
12.04±1.07 
14.11±1.12 
15.23±0.54 
19.08±1.09 

NF 
20.11±1.08 
19.63±2.01 
17.45±0.64 

NF 

Bouhazama et 
al., 2024 
Chokri et al., 
2024 
Hou and 
Huang, 2024 

Essential Oil 

6.25 
12.5 
25 
50 

100 

10.55±0.12 
11.25±0.44 
11.5±0.27 

12.87±0.98 
13.87±0.11 

10.22±1.14 
8.42 ±0.75 
15.33±2.25 
13.45±1.88 
19.10±2.15 

NF 
10.98±0.07 
11.28±0.64 
13.09±1.07 
15.44±0.67 

20.29±0.18 
NF 

11.85±0.18 
12.87±1.09 
13.08±0.98 

15.22±0.23 
NF 

13.85±0.99 
20.33±0.19 

NF 

Imran et al., 
2021 
Ban and 
Ibrahim, 2024 
Rahman 
Neamah et al., 
2021 

Data shown for a representative concentration (25 mg/mL). NF: Not Found. Values are inhibition zone diameters in mm (mean ± SD, n=3). 
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value surpassed that of pure quercetin. Ascorbic acid also plays a crucial supporting role by acting 

synergistically to regenerate oxidized quercetin in a redox cycle, thereby enhancing free radical 

scavenging beyond the capacity of either compound alone. This type of polyphenol–vitamin C 

interaction is commonly observed in Mediterranean plants. Together, this powerful duo not only 

combats oxidative stress effectively but also aligns perfectly with Rhamnus alaternus's traditional use 

for treating inflammation-related conditions (Boussahel et al., 2015). 

 

Antimicrobial mechanisms by polyphenol class 

Regarding antimicrobial activity, the dichloromethane extract exhibited potent activity against Candida 

albicans. This effect is likely attributed to lipophilic anthraquinones, such as chrysophanol, which 

penetrate fungal membranes and induce oxidative stress via ROS production. Furthermore, the extract 

demonstrated efficacy against pathogenic strains, including E. coli and P. aeruginosa. The influence of 

quercetin’s polarity was evident in the methanolic and ethyl acetate extracts, where it disrupted 

bacterial efflux pumps and biofilms, specifically targeting Gram-positive bacteria such as Bacillus cereus. 

This distinct split in activity based on polarity is consistent with observations across Rhamnaceae species 

(Kosalec et al., 2013). 

 

Extraction choices and solvent polarity logic 

Sequential Soxhlet extraction using solvents of increasing polarity—dichloromethane for non-polar 

anthraquinones, ethyl acetate for moderately polar flavonoids, and methanol for polar phenolics—was 

selected because the “like dissolves like” principle maximizes the yield of specific bioactive compounds 

while minimizing losses associated with unsuitable solvents. Methanol yielded the highest TPC value 

(220 mg GAE/g TPC, about 25% higher than other regional studies), likely reflecting the Oran 

chemotype's stress-adapted polyphenol boost. This multi-solvent approach clearly outperforms single-

solvent extractions for revealing the plant's full antioxidant and antimicrobial potential, paving the way 

for practical uses like food preservation (Boeing et al., 2014). 

 

Regulatory considerations for DCM-extracted fractions in nutraceutical development 

The results obtained in this study raise questions regarding the practicality of using dichloromethane 

(DCM) as an extraction solvent for nutraceutical or food applications. This is particularly relevant given 

the significant antimicrobial activity of the DCM fraction against Candida albicans (22.35 ± 1.85 mm 

inhibition zone at 25 mg/mL). Although DCM is effective for the selective extraction of lipophilic 

bioactive compounds, such as anthraquinones and specific volatile terpenoids, its regulatory status 

requires careful evaluation. 

DCM's regulatory standing (FDA/ICH): The FDA and ICH classify DCM as a Class 3 residual solvent DCM 

is FDA-approved for limited food applications, such as the extraction of caffeine from coffee or tea under 

tightly controlled conditions with solvent recovery, but it is not approved for all botanical extraction 

processes. Finished products must stay below 5 ppm residual DCM to meet FDA limits for food and 

nutraceuticals (Chawla et al., 2020; Sherwood, 2025; Yogesh et al., 2023). 

Solvent removal and compliance validation in our method: Solvents were removed using rotary 

evaporation at 40 °C under reduced pressure (0.1 bar) to ensure complete elimination. This temperature 

was carefully chosen to protect heat-sensitive compounds while efficiently vaporizing the solvent. 

Importantly, this process achieved virtually complete DCM removal, reducing residual levels well below 

the FDA's 5 ppm limit. 
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Mechanistic basis for enhanced antioxidant synergy in the complex extract 

The exceptional antioxidant potency of the methanolic extract (DPPH IC50 = 3.50 ± 0.10 μg/mL), which 

exceeds the potency of pure quercetin (4.80 ± 0.20 μg/mL) and ascorbic acid (5.10 ± 0.47 μg/mL), 

represents a compelling demonstration of phytochemical synergy—a phenomenon wherein the 

complex natural mixture exerts greater bioactivity than the sum of its isolated components 

(D’Alessandro et al., 2025). In the present study, several complementary mechanisms account for this 

enhanced activity. 

Polyphenolic network and structural diversity: The methanolic extract is not merely a solution of 

quercetin and ascorbic acid but a complex phytochemical matrix containing multiple classes of phenolic 

compounds, including diverse flavonoids, phenolic acids, and anthraquinones. Each chemical class 

possesses distinct electron-donating capabilities and operates through complementary free- radical 

neutralization pathways. Flavonoids function through both hydrogen-atom abstraction and single-

electron transfer mechanisms, while phenolic acids contribute mainly through their phenolic hydroxyl 

groups, while the carboxyl group modulates acidity and metal chelation (Hartman and Goldstein, 1989; 

Rice-Evans et al., 1996; Leopoldini et al., 2011; Zhao and Zheng, 2023). 

This structural diversity enables simultaneous neutralization of multiple reactive oxygen species (ROS) 

types superoxide radicals (O2˙), hydroxyl radicals (˙OH), and lipid peroxyl radicals (ROO˙)—through 

mechanisms that isolated standards cannot replicate ( Urquiaga and Leighton, 2000; Pérez-Jiménez and 

Saura-Calixto, 2015; Ben Mrid et al., 2022) 

Sacrificial regeneration system: Within the extract matrix, ascorbic acid may function as a “sacrificial 

antioxidant,” donating electrons to regenerate oxidized quercetin (quinone form) back to its reduced 

form. This cyclical redox system, known to occur in complex plant matrices (Bors and Michel, 1999; 

Nijveldt et al., 2001), amplifies the effective antioxidant capacity. The superior IC₅₀ observed in this study 

(3.50 μg/mL) compared with pure quercetin (4.80 μg/mL) supports the existence of such a regeneration 

mechanism, which is absent when compounds are tested in isolation. 

Chelation of pro-oxidant metal ions: The polyphenols identified in this study possess functional groups 

capable of chelating trace metals (Fe2+, Cu2+) that catalyze free-radical generation via Fenton chemistry 

(Perron and Brumaghim, 2009). By creating a metal-chelating microenvironment, the extract prevents 

catalytic cycles more effectively than individual standards. 

Matrix effects and bioavailability: The complex matrix may enhance the reactivity of individual 

compounds through altered pKa values or hydrogen-bonding networks that stabilize reduced 

antioxidants (D’Alessandro et al., 2025). These matrix-dependent effects, combined with the presence 

of minor constituents not fully resolved by the current HPLC method, likely contribute to the 10–15% 

potency advantage observed for the crude extract relative to the reference standards. 

Additional unidentified bioactive constituents: While HPLC analysis identified quercetin and ascorbic 

acid as major bioactive compounds, the extraordinary potency of the extract suggests the contribution 

of other as-yet-unidentified minor constituents not resolved by the current analytical method. These 

constituents may include glycosylated flavonoid derivatives, condensed tannins, or trace anthraquinone 

species that, although present at lower concentrations, contribute disproportionately to antioxidant 

activity because of their high intrinsic potency or synergistic interactions with major compounds. 

Synthesis and implications: The methanolic extract's clear edge in total phenolic (TPC) and flavonoid 

(TFC) content, as well as its antioxidant performance, stems from its richness in highly hydroxylated, 

conjugated polyphenols like quercetin—paired with L-ascorbic acid—both pinpointed as key players by 

HPLC analysis. Earlier studies on R. alaternus from the Mediterranean region have similarly highlighted 

quercetin and its glycosides, alongside other flavonols, as the main phenolics in polar extracts, while less 
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polar fractions tend to yield anthraquinones (Zeouk and Bekhti, 2020). Quercetin's catechol group on 

the B-ring, combined with its 2,3-double bond and 4-oxo functionality in the C-ring, gives it standout 

hydrogen-donating and radical-stabilizing abilities—which is why it often outshines simpler flavonoids 

in DPPH and FRAP tests (Boussahel et al., 2013). 

In this study, the methanolic extract exhibited antioxidant activity comparable toor exceeding that of 

pure quercetin and ascorbic acid under identical conditions, suggesting synergistic effects among the 

co-extracted phenolic compounds. In contrast, the dichloromethane fraction's pronounced antifungal 

and antibacterial activity, particularly against Candida albicans, aligns with its higher levels of lipophilic 

anthraquinones and related aglycones. These compounds, commonly found in Rhamnus barks, are 

known to disrupt microbial membranes and interfere enzymatic systems, exerting potent antimicrobial 

action (Nekkaa et al., 2021a; Nekkaa et al., 2021b; Zeouk and Bekhti, 2020). 

This pattern of activity indicates a complementary functional relationship: the polar methanolic extract 

contributes the majority of antioxidant capacity, while the less polar fractions exhibit stronger 

antimicrobial potency. These results are consistent with the concept of phytochemical synergy, where 

crude plant extracts often outperform isolated compounds due to complementary interactions among 

their diverse constituents. Consequently, standardized crude extracts or minimally processed fractions 

represent promising candidates for therapeutic applications (Ait Atmane et al., 2025). 

In the realm of antimicrobial activity, the results extend the potential applications of this plant beyond 

antioxidants. The notable efficacy of the dichloromethane fraction against C. albicans and the broad-

spectrum activity of the polar extracts against challenging Gram-negative pathogens such as E. coli and 

P. aeruginosa are highly relevant. The significant inhibition of key food spoilage organisms, including 

spore-forming B. cereus, directly highlights the extract's potential as a natural, plant-based preservative 

to enhance food safety and shelf-life. However, the determination of minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC) values is a crucial next step to quantitatively 

benchmark this activity and facilitate the development of applied formulations. 

Collectively, these findings do more than just validate the traditional use of R. alaternus; they elevate its 

status to that of a promising, multifunctional natural resource. The convergence of exceptional 

antioxidant power linked to a unique phytochemical profile with significant antimicrobial activity opens 

dual avenues for its application in nutraceuticals aimed at oxidative stress mitigation and in natural food 

preservation strategies. 

To better position these findings within the current landscape of phytochemical research, it is essential 

to compare the Algerian R. alaternus chemotype with other recently reported bioactive plant extracts 

(Nekkaa et al., 2021a; Devarajan et al., 2026; Toul and Djendar, 2023)  

 

Comparative analysis: Rhamnus alaternus in the context of recent phytochemical research 

To contextualize the exceptional bioactivity of our findings within the contemporary landscape of 

natural product research, we compiled a comprehensive comparison of recently published studies 

investigating plant extracts with similar antioxidant and antimicrobial activities. The following Table 3 

presents a curated selection of state-of-the-art phytochemical studies employing comparable extraction 

and assessment methodologies. 

Table 3 demonstrates that the methanolic extract from Algerian R. alaternus ranks among the top 

performers in recent studies, exhibiting significant antioxidant capacity (DPPH IC50 = 3.50 μg/mL) and 

high phenolic content (220.0 mg GAE/g). 

While Punica granatum peel extract shows comparable antioxidant power (IC50 = 3.80 μg/mL), the R. 

alaternus extract possesses superior phenolic levels. This profile—obtained through sequential Soxhlet 
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extraction with solvents of varying polarity—supports the hypothesis that strategic solvent selection can 

elucidate latent bioactivity in Mediterranean flora. Combined with its broad antimicrobial effects (see 

Table 2), Algerian R. alaternus demonstrates high potential for application in natural preservatives and 

the nutraceutical market. 

 

Table 3. Comparative phytochemical analysis of plant extracts: DPPH antioxidant potency and phenolic content 

Plant Species Extract Type 

TPC 

(mg GAE/g) 

DPPH IC₅₀ 

(µg/mL) 
Primary 
Application Ref. 

Rhamnus 
alaternus L.  

Methanolic 220.0±0.34 3.50 ± 0.10 Antioxidant/ 

Antimicrobial 

Present study 

Rhamnus 
alaternus L.  

Methanolic 13.8 ± 0.71 10.5 ± 0.8 Food preservation (Ammar et al., 2009; Moussi et al., 2015; 
Chaouche et al., 2020; Nekkaa et al., 2021b; 
Chatti et al., 2022b; Kherbachı et al., 2022; 
Aichour et al., 2023; Bouhazama et al., 2024) 

Rhamnus 
purpurea  

Methanolic 95.3 ± 2.1 7.2 ± 0.5 Antimicrobial/ 

Antioxidant 

(Khuda et al., 2022) 

Crataegus 
aronia  

Ethanolic 180.5 ± 3.2 4.1 ± 0.2 Cardiovascular 
protection 

(Ljubuncic et al., 2005; Bahri-Sahloul et al., 
2014; Omairi et al., 2020; Al Mobideen et al., 
2022) 

Origanum 
vulgare L. 

Hydroethanolic 156.2 ± 2.8 5.8 ± 0.3 Food additive/ 

Nutraceutical 

(Zhang et al., 2014; Koldaş et al., 2015; Oniga 
et al., 2018; Moghrovyan et al., 2019; Pandey 
et al., 2019; Lombrea et al., 2020; Simirgiotis 
et al., 2020; Parra et al., 2021; Bora et al., 
2022; Khorsand et al., 2022; Benkaddour et 
al., 2025; Mrabet et al., 2025; Nurzyńska-
Wierdak and Walasek-Janusz, 2025; Wahab 
et al., 2025; Zakarya et al., 2025) 

Sambucus nigra 
L. 

Methanolic 142.0 ± 1.9 6.5 ± 0.4 Antioxidant/ 

Immunomodulation 

(Viapiana and Wesolowski, 2017; Domínguez 
et al., 2021; Ferreira-Santos et al., 2021; 
Ferreira et al., 2022; Liu et al., 2022; Haș et 
al., 2023; Milkova-Tomova et al., 2023; 
Floares (Oarga) et al., 2025; Vardapetyan et 
al., 2025) 

Rosmarinus 
officinalis L. 

Ethanolic 128.7 ± 2.1 8.3 ± 0.6 Food preservation/ 

Antioxidant 

(Kasparavičienė et al., 2013; Nieto et al., 
2018; Amaral et al., 2019; de Oliveira et al., 
2019; de Macedo et al., 2020; Yu et al., 2021; 
Bejenaru et al., 2024; Boubker et al., 2025) 

Hypericum 
perforatum L. 

Aqueous 89.5 ± 1.5 9.4 ± 0.7 Anti-inflammatory/ 

Antioxidant 

(Silva et al., 2005; Öztürk et al., 2009; Barnes 
et al., 2019; Makarova et al., 2021; Nazari et 
al., 2022; Brankiewicz et al., 2023; Kakouri et 
al., 2023) 

Punica 
granatum L.  

Methanolic 198.3 ± 3.1 3.8 ± 0.2 Antioxidant/ 

Polyphenol source 

(Bekir et al., 2013a; Bekir et al., 2013b; 
Belkacem et al., 2014; Peršurić et al., 2020; 
Yassin et al., 2021; Yu et al., 2021; Leesombun 
et al., 2022; Maphetu et al., 2022; Sweidan et 
al., 2023; Zhao et al., 2024; Bourroubey et al., 
2025; Duysak et al., 2025) 

Thymus 
serpyllum L. 

Ethanolic 112.4 ± 1.8 6.9 ± 0.5 Antimicrobial/Food 
additive 

(Mihailovic-Stanojevic et al., 2013; Jarić et al., 
2015; Vergun et al., 2022; Jalil et al., 2024; Al-
Mijalli et al., 2025) 

TPC: expressed as mg Gallic Acid Equivalents per gram dry extract, DPPH IC50, half-maximal inhibitory concentration against DPPH radical (lower 
values indicate greater antioxidant potency), Values presented as mean ± standard deviation where available, Extraction methods and assay 
conditions standardized to allow meaningful comparison, Bold highlighting indicates the present study’s findings, demonstrating superior 
performance relative to contemporary alternatives. 
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The methanolic extract’s remarkable antioxidant strength (IC₅₀ = 3.50 µg/mL), which exceeds that of pure 

quercetin (4.80 µg/mL) and ascorbic acid (5.10 µg/mL), is attributed to synergistic interactions among its 

phytochemicals. Quercetin and ascorbic acid are the major contributors, but the mixture also includes 

various phenolic acids, other flavonoids, and anthraquinones that neutralize free radicals through 

different mechanisms such as hydrogen transfer, electron donation, and metal chelation, providing 

broader and more effective protection than any single compound alone. In addition, ascorbic acid likely 

regenerates oxidized quercetin in a recycling loop that is absent in pure standards. This kind of synergistic 

redox system is a big reason why whole plant extracts often outperform isolated ingredients, opening 

doors for powerful natural antioxidant products. 

 

Conclusion 

The results of this study demonstrate that Rhamnus alaternus L. from the Oran region of Algeria contains 

significant bioactive compounds. The methanolic extract exhibits potent antioxidant effects, primarily 

attributed to polyphenols such as quercetin and ascorbic acid. In contrast, the dichloromethane extract 

demonstrates high antimicrobial efficacy, particularly against Candida albicans and key foodborne 

pathogens. These results support the plant's longstanding role in Algerian traditional medicine and point 

to real-world potential for food preservation and natural supplements. They also demonstrate how 

selecting the appropriate solvent optimizes the extraction of compounds from polar versus non-polar 

fractions. Future research will focus on the isolation of the primary bioactive constituents through 

bioactivity-guided fractionation, alongside the precise determination of minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) values. Furthermore, the efficacy 

of these extracts will be evaluated in complex food matrices, such as oils or meat products. These 

investigations are essential to establish the feasibility of practical applications within the food industry. 

 

Author Contributions: AH: Conceptualization, Methodology, Investigation, Formal Analysis, Writing – Original 

Draft Preparation. SB: Validation, Data Curation, Writing – Review & Editing, Visualization. NH: Investigation, 

Methodology, Formal Analysis. NK: Conceptualization, Resources, Supervision, Project Administration, Writing 

– Review & Editing. 

Funding: None. 

Acknowledgements: The authors would like to thank the Ministry of Higher Education and Scientific Research 

of Algeria for support. 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

Aichour, S., Mouffouk, C., Benkhaled, M., Haba, H. (2023): Phytochemical composition, 

antioxidant, cytotoxic, haemolytic and antibacterial activities of aerial parts of Rhamnus 

alaternus. Herba Polonica 69(3), 15‒28. https://doi.org/10.5604/01.3001.0053.8860 

Ait Atmane, S., Tacherfiout, M., Tighilet, K., Benabderrahmane, C., Belayel, S., Bessai, I., Bouich, 

A., Mattonai, M., Degano, I., Ribechini, E., Khettal, B. (2025): Pharmacological potentials of 

Rhamnus alaternus L. stem bark extract in vivo: antioxidant, analgesic, anti-inflammatory and 

wound healing effects. Journal of Ethnopharmacology 351, 120076. 

https://doi.org/10.1016/j.jep.2025.120076Al-Mijalli, S. H., Mrabti, H. N. Elbouzidi, A., 

Ashmawy, N. S., Batbat, A., Abdallah, E. M., Laaboudi, W., Aladhadh, M., Alshabrmi, F. M., 

https://doi.org/10.5604/01.3001.0053.8860
https://doi.org/10.1016/j.jep.2025.120076


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 

124 
 

Alnasser, S. M., Addi, M., El Hachlafi, N. (2025): Thymus serpyllum L. essential oil: 

Phytochemistry and in vitro and in silico screening of its antimicrobial, antioxidant and 

anti-inflammatory properties. Phyton-International Journal of Experimental Botany 94(1), 

209‒227. https://doi.org/10.32604/phyton.2025.060438 

Amaral, G. P., Mizdal, C. R., Stefanello, S. T., Mendez, A. S. L., Puntel, R. L., De Campos, M. M. A., 

Soares, F. A. A., Fachinetto, R. (2019): Antibacterial and antioxidant effects of Rosmarinus 

officinalis L. extract and its fractions. Journal of Traditional and Complementary Medicine 9(4), 

383‒392. https://doi.org/10.1016/j.jtcme.2017.10.006 

Amarowicz, R., Troszyńska, A., Shahidi, F. (2005): Antioxidant activity of almond seed extract and 

its fractions. Journal of Food Lipids 12(4), 344‒358. https://doi.org/10.1111/j.1745-

4522.2005.00029.x 

Ammar, R. B., Bhouri, W., Sghaier, M. B., Boubaker, J., Skandrani, I., Neffati, A., Bouhlel, I., Kilani, 

S., Mariotte, A.-M., Chekir-Ghedira, L., Dijoux-Franca, M.-G., Ghedira, K. (2009): Antioxidant 

and free radical-scavenging properties of three flavonoids isolated from the leaves of Rhamnus 

alaternus L. (Rhamnaceae): a structure-activity relationship study. Food Chemistry 116(1), 

258‒264. https://doi.org/10.1016/j.foodchem.2009.02.043 

Ammar, R. B., Kilani, S., Bouhlel, I., Skandrani, I., Naffeti, A., Boubaker, J., Sghaier, M. B., Bhouri, 

W., Mahmoud, A., Chekir-Ghedira, L., Ghedira, K. (2007): Antibacterial and cytotoxic activities 

of extracts from (Tunisian) Rhamnus alaternus (Rhamnaceae). Annals of Microbiology 57(3), 

453‒460. https://doi.org/10.1007/BF03175089 

Ammar, R. B., Miyamoto, T., Chekir-Ghedira, L., Ghedira, K., Lacaille-Dubois, M.-A. (2019): 

Isolation and identification of new anthraquinones from Rhamnus alaternus L. and evaluation 

of their free radical scavenging activity. Natural Product Research 33(2), 280‒286. 

https://doi.org/10.1080/14786419.2018.1446135 

Bahri-Sahloul, R., Fredj, R. B., Boughalleb, N., Shriaa, J., Saguem, S., Hilbert, J.-L., Trotin, F., Ammar, 

S., Bouzid, S., Harzallah-Skhiri, F. (2014): Phenolic composition and antioxidant and 

antimicrobial activities of extracts obtained from Crataegus azarolus L. var. aronia (Willd.) Batt. 

Ovaries Calli. Journal of Botany 2014(1), 623651. https://doi.org/10.1155/2014/623651 

Ban, M. A. and Ibrahim, O. M. S. (2024): Effect of Syzygium aromaticum L. essential oil extract 

against pathogenic Candida albicans in vitro. Iraqi Journal of Agricultural Sciences 55(6), 2177‒

2185. https://doi.org/10.36103/4984kw67 

Barnes, J., Arnason, J. T., Roufogalis, B. D. (2019): St John’s wort (Hypericum perforatum L.): 

botanical, chemical, pharmacological and clinical advances. Journal of Pharmacy and 

Pharmacology 71(1), 1‒3. https://doi.org/10.1111/jphp.13053 

Bejenaru, L. E., Biţă, A., Mogoşanu, G. D., Segneanu, A.-E., Radu, A., Ciocîlteu, M. V., Bejenaru, C. 

(2024): Polyphenols investigation and antioxidant and anticholinesterase activities of 

Rosmarinus officinalis L. species from southwest Romania flora. Molecules 29(18), 4438. 

https://doi.org/10.3390/molecules29184438 

Ben Mrid, R., Bouchmaa, N., Ouedrhiri, W., Ennoury, A., ZouaouI, Z., Kabach, I., Nhiri, M., El Fatimy, 

R. (2022) Synergistic antioxidant effects of natural compounds on H2O2-induced cytotoxicity of 

human monocytes. Frontiers in Pharmacology 13, 830323. 

https://doi.org/10.3389/fphar.2022.830323 

Bekir, J., Mars, M., Souchard, J. P., Bouajila, J. (2013a): Assessment of antioxidant, 

anti-inflammatory, anti-cholinesterase and cytotoxic activities of pomegranate (Punica 

https://doi.org/10.32604/phyton.2025.060438
https://doi.org/10.1016/j.jtcme.2017.10.006
https://doi.org/10.1016/j.foodchem.2009.02.043
https://doi.org/10.1007/BF03175089
https://doi.org/10.1080/14786419.2018.1446135
https://doi.org/10.1155/2014/623651
https://doi.org/10.36103/4984kw67
https://doi.org/10.1111/jphp.13053
https://doi.org/10.3390/molecules29184438
https://doi.org/10.3389/fphar.2022.830323


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 
 

125 
 

granatum) leaves. Food and Chemical Toxicology 55, 470‒475. 

https://doi.org/10.1016/j.fct.2013.01.036 

Bekir, J., Mars, M., Vicendo, P., Fterrich, A., Bouajila, J. (2013b): Chemical composition and 

antioxidant, anti-inflammatory, and antiproliferation activities of pomegranate (Punica 

granatum) flowers. Journal of Medicinal Food 16(6), 544‒550. 

https://doi.org/10.1089/jmf.2012.0275 

Belkacem, N., Djaziri, R., Lahfa, F., El-Haci, I. A., Boucherit, Z. (2014): Phytochemical screening and 

in vitro antioxidant activity of various Punica granatum L. peel extracts from Algeria: A 

comparative study. Phytothérapie 12(6), 372‒379. https://doi.org/10.1007/s10298-014-0850-

x 

Benchiha, W., Mahroug, S., Bouterfas, K., Moulessehoul, Y. I. (2022): In vitro antifungal activity of 

the flavonoid extracts from Rhamnus alaternus L. (Rhamnaceae). Egyptian Academic Journal 

of Biological Sciences. C, Physiology and Molecular Biology 14(2), 43‒52. 

https://doi.org/10.21608/eajbsc.2022.256738 

Benkaddour, R., Asraoui, F., Ben Ali, N., El Ansari, Z. N., El Yakoubi, N., Bounab, L., El Bouzdoudi, 

B., Daştan, S. D., Roussi, Z., L’bachir El Kbiach, M. (2025): Antioxidant activities and 

phytochemical constituents of vitro-plants of common oregano (Origanum vulgare L. subsp. 

vulgare) and compact oregano (Origanum compactum Benth.). Pharmacological Research – 

Natural Products 9, 100398. https://doi.org/10.1016/j.prenap.2025.100398 

Bhouri, W., Sghaier, M. B., Kilani, S., Bouhlel, I., Dijoux-Franca, M. G., Ghedira, K., Chekir Ghedira, 

L. (2011): Evaluation of antioxidant and antigenotoxic activity of two flavonoids from Rhamnus 

alaternus L. (Rhamnaceae): Kaempferol 3-O-β-isorhamninoside and rhamnocitrin 3-O-β-

isorhamninoside. Food and Chemical Toxicology 49(5), 1167‒1173. 

https://doi.org/10.1016/j.fct.2011.02.011 

Bhushan, A., Rani, D., Tabassum, M., Kumar, S., Gupta, P. N., Gairola, S., Gupta, A. P., Gupta, P. 

(2023): HPLC-PDA method for quantification of bioactive compounds in crude extract and 

fractions of Aucklandia costus Falc. and cytotoxicity studies against cancer cells. Molecules 

28(12), 4815. https://doi.org/10.3390/molecules28124815 

Boeing, J. S., Barizão, E. O., Silva, B. C. E., Montanher, P. F., Almeida, V. C., Visentainer, J. V. (2014): 

Evaluation of solvent effect on the extraction of phenolic compounds and antioxidant 

capacities from the berries: application of principal component analysis. Chemistry Central 

Journal 8(1), 48. https://doi.org/10.1186/s13065-014-0048-1 

Bora, L., Avram, S., Pavel, I. Z., Muntean, D., Liga, S., Buda, V., Gurgus, D., Danciu, C. (2022): An 

up-to-date review regarding cutaneous benefits of Origanum vulgare L. essential oil. 

Antibiotics 11(5), 549. https://doi.org/10.3390/antibiotics11050549 

Bors, W. and Michel, C. (1999) Antioxidant capacity of flavanols and gallate esters: Pulse radiolysis 

studies. Free Radical Biology and Medicine 27(11‒12), 1413‒1426. 

https://doi.org/10.1016/S0891-5849(99)00187-2 

Boubker, A., El Ouardi, A., El Kamli, T., El Hamidi, A., Kaicer, M., Kichou, F., Ameur, N., Errafii, K., 

Ben Aakame, R., Sifou, A. (2025): Phytochemical analysis, antioxidant and antibacterial 

activities, minerals element profiling, and identification of bioactive compounds by 

UPLC-HRMS Orbitrap in four aromatic and medicinal plants. Molecules 30(6), 1279. 

https://doi.org/10.3390/molecules30061279 

https://doi.org/10.1016/j.fct.2013.01.036
https://doi.org/10.1089/jmf.2012.0275
https://doi.org/10.21608/eajbsc.2022.256738
https://doi.org/10.1016/j.prenap.2025.100398
https://doi.org/10.1016/j.fct.2011.02.011
https://doi.org/10.3390/molecules28124815
https://doi.org/10.1186/s13065-014-0048-1
https://doi.org/10.3390/antibiotics11050549
https://doi.org/10.1016/S0891-5849(99)00187-2
https://doi.org/10.3390/molecules30061279


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 

126 
 

Bouhazama, H., Lamchouri, F., Toufik, H. (2024): Phytochemical investigation and quantification 

of bioactive compounds of Rhamnus alaternus (L.). Tropical Journal of Drug Research 1(1), 19‒

29. https://doi.org/10.26538/tjdr/v1i1.3 

Bourroubey, B., Bendjebbar, K., Bettouati, A., Mennad, B. (2025): In vitro evaluation of antioxidant 

activity and phytochemical screening of methanolic extracts from Punica granatum fruit peels 

collected in northwestern Algeria. Acta Biologica Slovenica 68(2), 28‒43. 

https://doi.org/10.14720/abs.68.2.20650 

Boussahel, S., Dahamna, S., Ruberto, G., Siracusa, L., Harzallah, D. (2013): Phytochemical study 

and antioxidant activities of leaves extracts from Rhamnus alaternus L. Pharmacognosy 

Communications 3(1), 46‒53. https://doi.org/10.5530/pc.2013.1.10 

Boussahel, S., Speciale, A., Dahamna, S., Amar, Y., Bonaccorsi, I., Cacciola, F., Cimino, F., Donato, 

P., Ferlazzo, G., Harzallah, D., Cristani, M. (2015): Flavonoid profile, antioxidant and cytotoxic 

activity of different extracts from Algerian Rhamnus alaternus L. bark. Pharmacognosy 

Magazine 11(Suppl. 1), S102‒S109. https://doi.org/10.4103/0973-1296.157707 

Brankiewicz, A., Trzos, S., Mrożek, M., Opydo, M., Szostak, E., Dziurka, M., Tuleja, M., Łoboda, A., 

Pocheć, E. (2023): Cytotoxic and antioxidant activity of Hypericum perforatum L. extracts 

against human melanoma cells from different stages of cancer progression, cultured under 

normoxia and hypoxia. Molecules 28(3), 1509. https://doi.org/10.3390/molecules28031509 

Chaouche, T. M., Haddouchi, F., Boudjemai, O., Ghellai, I. (2020): Antioxidant and hemolytic 

activity of Ziziphus jujuba Mill. and Rhamnus alaternus L. (Rhamnaceae) extracts from Algeria. 

Bulletin de la Société Royale des Sciences de Liège 89, 1‒14. https://doi.org/10.25518/0037-

9565.9386 

Chatti, I. B., Krichen, Y., Maatouk, M., Lahmar, A., Mazgar, S. G., Kammoun, R., Skhiri, S. S., 

Ghedira, L. C., Krifa, M. (2022a): Evaluation of anticancer potential of flavones from Rhamnus 

alaternus against B16F10 melanoma cells. Nutrition and Cancer 74(6), 2265‒2275. 

https://doi.org/10.1080/01635581.2021.2004171 

Chatti, I. B., Toumia, I. B., Krichen, Y., Maatouk, M., Ghedira, L. C., Krifa, M. (2022b): Assessment 

of Rhamnus alaternus leaves extract: phytochemical characterization and antimelanoma 

activity. Journal of Medicinal Food 25(9), 910‒917. https://doi.org/10.1089/jmf.2020.0170 

Chawla, R. K., Koteswara Rao, G. S. N., Kulandaivelu, U., Panda, S. P., Alavala, R. R. (2020): 

Development and validation of a headspace gas chromatographic (HS-GC) method for 

determination of residual solvents in nitazoxanide API. International Journal of Research in 

Pharmaceutical Sciences 11(4), 1719–1727. https://doi.org/10.26452/ijrps.v11ispl4.4362 

Chokri, S., Younes, S. B., Ellafi, A., Mnif, S., López-Maldonado, E. A., Masmoudi, A. S. (2024): 

Exploring Rhamnus alaternus polysaccharides: extraction, characterization, and analysis of 

antioxidant and antimicrobial properties. Polymers 16(22), 3180. 

https://doi.org/10.3390/polym16223180 

D'Alessandro, A. G., Di Luca, A., Desantis, S., Martemucci, G. (2025) Antioxidant synergy in a 

mixture of powder plant leaves and effects on metabolic profile, oxidative status and intestinal 

morpho-histochemical features of laying hens. Animals 15(3), 308. 

https://doi.org/10.3390/ani15030308 

de Macedo, L. M., dos Santos, É. M., Militão, L., Tundisi, L. L., Ataide, J. A., Souto, E. B., Mazzola, 

P. G. (2020): Rosemary (Rosmarinus officinalis L., syn Salvia rosmarinus Spenn.) and its topical 

applications: a review. Plants 9(5), 651. https://doi.org/10.3390/plants9050651 

https://doi.org/10.26538/tjdr/v1i1.3
https://doi.org/10.14720/abs.68.2.20650
https://doi.org/10.3390/molecules28031509
https://doi.org/10.1080/01635581.2021.2004171
https://doi.org/10.1089/jmf.2020.0170
https://doi.org/10.3390/polym16223180
https://doi.org/10.3390/ani15030308
https://doi.org/10.3390/plants9050651


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 
 

127 
 

de Oliveira, J. R., Camargo, S. E. A., de Oliveira, L. D. (2019): Rosmarinus officinalis L. (rosemary) 

as therapeutic and prophylactic agent. Journal of Biomedical Science 26(1), 5. 

https://doi.org/10.1186/s12929-019-0499-8 

Devarajan, Y., Raja, T., Kalidhas, A. M., Patel, P., Ramachandra, C. G., Acharya, S. K., Meena, M., 

Mehar, K., Jayabal, R. (2026): Plant-derived nano-bioactive systems from industrial crops: 

scalable pathways toward sustainable high-value industrial products. Industrial Crops and 

Products 241, 122727. https://doi.org/10.1016/j.indcrop.2026.122727 

Domínguez, R., Pateiro, M., Munekata, P. E. S., Santos López, E. M., Rodríguez, J. A., Barros, L., 

Lorenzo, J. M. (2021): Potential use of elderberry (Sambucus nigra L.) as natural colorant and 

antioxidant in the food industry: a review. Foods 10(11), 2713. 

https://doi.org/10.3390/foods10112713 

Duysak, L., Ertürk, A., Becit-Kızılkaya, M., Aksoy, B., Gülçin, İ. (2025): Comparative analysis of 

chemical composition and biological activities of Punica granatum L. extracts: UPLC-MS/MS 

profiling, antioxidant capacity, enzyme inhibition, and molecular docking. Food Research 

International 220, 117139. https://doi.org/10.1016/j.foodres.2025.117139 

Ferreira, S. S., Martins-Gomes, C., Nunes, F. M., Silva, A. M. (2022): Elderberry (Sambucus nigra 

L.) extracts promote anti-inflammatory and cellular antioxidant activity. Food Chemistry: X 15, 

100437. https://doi.org/10.1016/j.fochx.2022.100437 

Ferreira-Santos, P., Badim, H., Salvador, Â. C., Silvestre, A. J. D., Santos, S. A. O., Rocha, S. M., 

Sousa, A. M., Pereira, M. O., Wilson, C. P., Rocha, C. M. R., Teixeira, J. A., Botelho, C. M. (2021): 

Chemical characterization of Sambucus nigra L. flowers aqueous extract and its biological 

implications. Biomolecules 11(8), 1222. https://doi.org/10.3390/biom11081222 

Floares (Oarga), D., Obistioiu, D., Hulea, A., Suleiman, M. A., Popescu, I., Berbecea, A., Samfira, I., 

Radulov, I. (2025): Antimicrobial and antioxidant properties of Sambucus nigra L. (elderflower) 

oil: a molecular docking and biochemical study. Agronomy 15(2), 310. 

https://doi.org/10.3390/agronomy15020310 

Ghagane, S. C., Puranik, S. I., Kumbar, V. M., Nerli, R. B., Jalalpure, S. S., Hiremath, M. B., 

Neelagund, S., Aladakatti, R. (2017): In vitro antioxidant and anticancer activity of Leea indica 

leaf extracts on human prostate cancer cell lines. Integrative Medicine Research 6(1), 79‒87. 

https://doi.org/10.1016/j.imr.2017.01.004 

Guerdouh, S. (2020) : Etude phytochimique et activité antibactérienne de Schinus molle L.: master 

thesis. Université de Jijel, Algérie. http://dspace.univ 

jijel.dz:8080/xmlui/handle/123456789/7654, Accessed May 21, 2026. 

Hartman, P. E. and Goldstein, M. A. (1989) Superoxide generation by photomediated redox cycling 

of anthraquinones. Environmental and Molecular Mutagenesis 14(1), 42‒47. 

https://doi.org/10.1002/em.2850140108 

Gadouche, L., Zerrouki, K., Zidane, A., Ababou, A., Bachir Elazaar I., Merabet, D., Henniche, W., 

Ikhlef, S. (2022): Genoprotective, antimutagenic, and antioxidant effect of methanolic leaf 

extract of Rhamnus alaternus L. from the Bissa mountains in Algeria. Foods and Raw Materials 

10(2), 530‒539. https://doi.org/10.21603/2308-4057-2022-2-530 

Haș, I. M., Teleky, B.-E., Szabo, K., Simon, E., Ranga, F., Diaconeasa, Z. M., Purza, A. L., Vodnar, 

D.-C., Tit, D. M., Nițescu, M. (2023): Bioactive potential of elderberry (Sambucus nigra L.): 

antioxidant, antimicrobial activity, bioaccessibility and prebiotic potential. Molecules 28(7), 

3099. https://doi.org/10.3390/molecules28073099 

https://doi.org/10.1186/s12929%E2%80%91019%E2%80%910499%E2%80%918
https://doi.org/10.3390/foods10112713
https://doi.org/10.1016/j.foodres.2025.117139
https://doi.org/10.1016/j.fochx.2022.100437
https://doi.org/10.3390/biom11081222
https://doi.org/10.3390/agronomy15020310
https://doi.org/10.1016/j.imr.2017.01.004
https://doi.org/10.1002/em.2850140108
https://doi.org/10.21603/2308-4057-2022-2-530
https://doi.org/10.3390/molecules28073099


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 

128 
 

Hou, G. and Huang, T. (2024): Essential oils as promising treatments for Candida albicans 

infections: research progress, mechanisms, and clinical applications. Frontiers in Pharmacology 

15, 1400105. https://doi.org/10.3389/fphar.2024.1400105 

Imran, M., Khan, A. S., Khan, M. A., Saeed, M. U., Noor, N., Warsi, M. H., Qadir, A. (2021): 

Antimicrobial activity of different plants extracts against Staphylococcus aureus and 

Escherichia coli. Polymers in Medicine 51(2), 69‒75. https://doi.org/10.17219/pim/143424 

Jalil, B., Pischel, I., Feistel, B., Suarez, C., Blainski, A., Spreemann, R., Roth-Ehrang, R., Heinrich, M. 

(2024): Wild thyme (Thymus serpyllum L.): a review of the current evidence of nutritional and 

preventive health benefits. Frontiers in Nutrition 11, 1380962. 

https://doi.org/10.3389/fnut.2024.1380962 

Jarić, S., Mitrović, M., Pavlović, P. (2015): Review of ethnobotanical, phytochemical, and 

pharmacological study of Thymus serpyllum L. Evidence-Based Complementary and Alternative 

Medicine 2015(1),101978. https://doi.org/10.1155/2015/101978 

Kakouri, E., Trigas, P., Daferera, D., Skotti, E., Tarantilis, P. A., Kanakis, C. (2023): Chemical 

characterization and antioxidant activity of nine Hypericum species from Greece. Antioxidants 

12(4), 899. https://doi.org/10.3390/antiox12040899 

Kasparavičienė, G., Ramanauskienė, K., Savickas, A., Velžienė, S., Kalvėnienė, Z., Kazlauskienė, D., 

Ragažinskienė, O., Ivanauskas, K. (2013): Evaluation of total phenolic content and antioxidant 

activity of different Rosmarinus officinalis L. ethanolic extracts. Biologija 59(1), 39–44. 

https://doi.org/10.6001/biologija.v59i1.2650 

Kherbachi, S., Kheniche, M., Tacherfiout, M. (2022): Antihemolytic activity of hydroalcoholic 

leaves and bark extracts from Rhamnus alaternus against AAPH-induced hemolysis on human 

erythrocytes. International Journal of Plant Based Pharmaceuticals 2(2), 210‒219. 

https://doi.org/10.29228/ijpbp.3 

Khorsand, G. J., Morshedloo, M. R., Mumivand, H., Bistgani, Z. E., Maggi, F., Khademi, A. (2022): 

Natural diversity in phenolic components and antioxidant properties of oregano (Origanum 

vulgare L.) accessions, grown under the same conditions. Scientific Reports 12(1), 5813. 

https://doi.org/10.1038/s41598-022-09742-4 

Khuda, F., Alam, N., Khalil, A. A. K., Jan, A., Naureen, F., Ullah, Z., Alotaibi, A., Ullah, R., Ullah, S., 

Shah, Y., Shah, S. I., Büyüker, S. M. (2022): Screening of Rhamnus purpurea (Edgew.) leaves for 

antimicrobial, antioxidant, and cytotoxic potential. ACS Omega 7(26), 22977‒22985. 

https://doi.org/10.1021/acsomega.2c03094 

Koldaş, S., Demirtas, I., Ozen, T., Demirci, M. A., Behçet, L. (2015): Phytochemical screening, 

anticancer and antioxidant activities of Origanum vulgare L. ssp. viride (Boiss.) Hayek, a plant 

of traditional usage. Journal of the Science of Food and Agriculture 95(4), 786‒798. 

https://doi.org/10.1002/jsfa.6903 

Kosalec, I., Kremer, D., Locatelli, M., Epifano, F., Genovese, S., Carlucci, G., Randić, M., Zovko 

Končić, M. (2013): Anthraquinone profile, antioxidant and antimicrobial activity of bark 

extracts of Rhamnus alaternus, R. fallax, R. intermedia and R. pumila. Food Chemistry 136(2), 

335‒341. https://doi.org/10.1016/j.foodchem.2012.08.026 

Khudare, S. G., Yende, S. R., Sapkal, N. P. (2023): Determination of total phenolic and total 

flavonoid contents of Jasminum grandiflorum Linn. GSC Advanced Research and Reviews 17(1), 

88‒95. https://doi.org/10.30574/gscarr.2023.17.1.0392 

Leesombun, A., Sariya, L., Taowan, J., Nakthong, C., Thongjuy, O., Boonmasawai, S. (2022): Natural 

antioxidant, antibacterial, and antiproliferative activities of ethanolic extracts from Punica 

https://doi.org/10.3389/fphar.2024.1400105
https://doi.org/10.17219/pim/143424
https://doi.org/10.3389/fnut.2024.1380962
https://doi.org/10.1155/2015/101978
https://doi.org/10.3390/antiox12040899
https://doi.org/10.6001/biologija.v59i1.2650
https://doi.org/10.29228/ijpbp.3
https://doi.org/10.1038/s41598%E2%80%91022%E2%80%9109742%E2%80%914
https://doi.org/10.1021/acsomega.2c03094
https://doi.org/10.1002/jsfa.6903
https://doi.org/10.1016/j.foodchem.2012.08.026
https://doi.org/10.30574/gscarr.2023.17.1.0392


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 
 

129 
 

granatum L. tree barks mediated by extracellular signal-regulated kinase. Plants 11(17), 2258. 

https://doi.org/10.3390/plants11172258 

Leopoldini, M., Russo, N., Toscano, M. (2011) The molecular basis of working mechanism of 

natural polyphenolic antioxidants. Food Chemistry 125(2), 288‒306. 

https://doi.org/10.1016/j.foodchem.2010.08.012 

Liu, D., He, X.-Q., Wu, D.-T., Li, H.-B., Feng, Y.-B., Zou, L., Gan, R.-Y. (2022): Elderberry (Sambucus 

nigra L.): bioactive compounds, health functions, and applications. Journal of Agricultural and 

Food Chemistry 70(14), 4202‒4220. https://doi.org/10.1021/acs.jafc.2c00010 

Ljubuncic, P., Portnaya, I., Cogan, U., Azaizeh, H., Bomzon, A. (2005): Antioxidant activity of 

Crataegus aronia aqueous extract used in traditional Arab medicine in Israel. Journal of 

Ethnopharmacology 101(1‒3), 153‒161. https://doi.org/10.1016/j.jep.2005.04.024 

Lombrea, A., Antal, D., Ardelean, F., Avram, S., Pavel, I. Z., Vlaia, L., Mut, A.-M., Diaconeasa, Z., 

Dehelean, C. A., Soica, C., Danciu, C. (2020): A recent insight regarding the phytochemistry and 

bioactivity of Origanum vulgare L. essential oil. International Journal of Molecular Sciences 

21(24), 9653. https://doi.org/10.3390/ijms21249653 

Makarova, K., Sajkowska-Kozielewicz, J. J., Zawada, K., Olchowik-Grabarek, E., Ciach, M. A., 

Gogolewski, K., Dobros, N., Ciechowicz, P., Freichels, H., Gambin, A. (2021): Harvest time 

affects antioxidant capacity, total polyphenol and flavonoid content of Polish St John’s wort 

(Hypericum perforatum L.) flowers. Scientific Reports 11(1), 3989. 

https://doi.org/10.1038/s41598-021-83409-4 

Maphetu, N., Unuofin, J. O., Masuku, N. P., Olisah, C., Lebelo, S. L. (2022): Medicinal uses, 

pharmacological activities, phytochemistry, and the molecular mechanisms of Punica 

granatum L. (pomegranate) plant extracts: a review. Biomedicine and Pharmacotherapy 153, 

113256. https://doi.org/10.1016/j.biopha.2022.113256 

Mfotie Njoya, E. (2021): Medicinal plants, antioxidant potential, and cancer. In: Cancer: Oxidative 

Stress and Dietary Antioxidants, Preedy, V. R. and Patel, V. B. (ed.). London: Academic Press, 

pp. 349‒357. https://doi.org/10.1016/B978-0-12-819547-5.00031-6 

Mihailovic-Stanojevic, N., Belščak-Cvitanović, A., Grujić-Milanović, J., Ivanov, M., Jovović, Dj., 

Bugarski, D., Miloradović, Z. (2013): Antioxidant and antihypertensive activity of extract from 

Thymus serpyllum L. in experimental hypertension. Plant Foods for Human Nutrition 68(3), 

235‒240. https://doi.org/10.1007/s11130-013-0368-7 

Milkova-Tomova, I., Kazakova, Z., Buhalova, D., Gentscheva, G., Nikolova, K., Minkova, S. (2023): 

Antioxidant properties and antibacterial activity of water extracts from Sambucus nigra L. 

under different conditions. Folia Medica 65(2), 295‒300. 

https://doi.org/10.3897/folmed.65.e79094 

Mishra, Y., Amin, H. I. M., Mishra, V., Vyas, M., Prabhakar, P. K., Gupta, M., Kanday, R., Sudhakar, 

K., Saini, S., Hromić-Jahjefendić, A., Aljabali, A. A. A., El-Tanani, M., Serrano-Aroca, Á., Bakshi, 

H., Tambuwala, M. M. (2022): Application of nanotechnology to herbal antioxidants as 

improved phytomedicine: An expanding horizon. Biomedicine and Pharmacotherapy 153, 

113413. https://doi.org/10.1016/j.biopha.2022.113413 

Mobideen, O. K., Alqudah, A. A., Al‑Mustafa, A., Alhawarat, F., Mizher, H. (2022): Effect of 

Crataegus aronia on the biochemical parameters in induced diabetic rats. Pharmacognosy 

Journal 14(5), 587‒595. https://doi.org/10.5530/pj.2022.14.140 

Moghrovyan, A., Sahakyan, N., Babayan, A., Chichoyan, N., Petrosyan, M., Trchounian, A. (2019): 

Essential oil and ethanol extract of oregano (Origanum vulgare L.) from Armenian flora as a 

https://doi.org/10.3390/plants11172258
https://doi.org/10.1016/j.foodchem.2010.08.012
https://doi.org/10.1021/acs.jafc.2c00010
https://doi.org/10.1016/j.jep.2005.04.024
https://doi.org/10.3390/ijms21249653
https://doi.org/10.1038/s41598%E2%80%91021%E2%80%9183409%E2%80%914
https://doi.org/10.1016/j.biopha.2022.113256
https://doi.org/10.1016/B978%E2%80%910%E2%80%9112%E2%80%91819547%E2%80%915.00031%E2%80%916
https://doi.org/10.1007/s11130%E2%80%91013%E2%80%910368%E2%80%917
https://doi.org/10.3897/folmed.65.e79094
https://doi.org/10.1016/j.biopha.2022.113413


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 

130 
 

natural source of terpenes, flavonoids and other phytochemicals with antiradical, antioxidant, 

metal chelating, tyrosinase inhibitory and antibacterial activity. Current Pharmaceutical Design 

25(16), 1809‒1816. https://doi.org/10.2174/1381612825666190702095612 

Monowar, T., Rahman, M. S., Bhore, S. J., Raju, G., Sathasivam, K. V. (2018): Silver nanoparticles 

synthesized by using the endophytic bacterium Pantoea ananatis are promising antimicrobial 

agents against multidrug resistant bacteria. Molecules, 23(12), 3220. https://doi.org/ 

10.3390/molecules23123220Mostafa, A. A., Al-Askar, A. A., Almaary, K. S., Dawoud, T. M., 

Sholkamy, E. N., Bakri, M. M. (2018): Antimicrobial activity of some plant extracts against 

bacterial strains causing food poisoning diseases. Saudi Journal of Biological Sciences 25(2), 

361‒366. https://doi.org/10.1016/j.sjbs.2017.02.004 

Moussi, K., Nayak, B., Perkins, L. B., Dahmoune, F., Madani, K., Chibane, M. (2015): HPLC-DAD 

profile of phenolic compounds and antioxidant activity of leaves extract of Rhamnus alaternus 

L. Industrial Crops and Products 74, 858‒866. https://doi.org/10.1016/j.indcrop.2015.06.015 

Mrabet, A., Annaz, H., Abdelfattah, B., Ouabou, M., Kounnoun, A., Cacciola, F., Simou, A., 

Bouayad, N., Rharrabe, K., Khaddor, M. (2025): Antioxidant, insecticidal, antifeedant, and 

repellent activities of oregano (Origanum vulgare). International Journal of Environmental 

Health Research 35(2), 382‒397. https://doi.org/10.1080/09603123.2024.2355292 

Nazari, M. R., Abdossi, V., Hargalani, F. Z., Larijani, K. (2022): Antioxidant potential and essential 

oil properties of Hypericum perforatum L. assessed by application of selenite and 

nano-selenium. Scientific Reports 12(1), 6156. https://doi.org/10.1038/s41598-022-10109-y 

Nekkaa, A., Benaissa, A., Lalaouna, A. E. D., Mutelet, F., Canabady-Rochelle, L. (2021a): 

Optimization of the extraction process of bioactive compounds from Rhamnus alaternus leaves 

using Box–Behnken experimental design. Journal of Applied Research on Medicinal and 

Aromatic Plants 25, 100345. https://doi.org/10.1016/j.jarmap.2021.100345 

Nekkaa, A., Benaissa, A., Mutelet, F., Canabady-Rochelle, L. (2021b): Rhamnus alaternus plant: 

Extraction of bioactive fractions and evaluation of their pharmacological and phytochemical 

properties. Antioxidants 10(2), 300. https://doi.org/10.3390/antiox10020300 

Nieto, G., Ros, G., Castillo, J. (2018): Antioxidant and antimicrobial properties of rosemary 

(Rosmarinus officinalis L.): a review. Medicines 5(3), 98. 

https://doi.org/10.3390/medicines5030098 

Nigussie, G., Melak, H., Annisa, M. E. (2021): Traditional medicinal uses, phytochemicals, and 

pharmacological activities of genus Rhamnus: a review. Journal of the Turkish Chemical Society 

Section A: Chemistry 8(3), 899‒932. https://doi.org/10.18596/jotcsa.929188 

Nijveldt, R. J., van Nood, E., van Hoorn, D. E. C., Boelens, P. G., van Norren, K., van Leeuwen, P. A. 

M. (2001) Flavonoids: a review of probable mechanisms of action and potential applications. 

The American Journal of Clinical Nutrition 74(4), 418‒425. 

https://doi.org/10.1093/ajcn/74.4.418 

Nurzyńska-Wierdak, R. and Walasek-Janusz, M. (2025): Chemical composition, biological activity, 

and potential uses of oregano (Origanum vulgare L.) and oregano essential oil. 

Pharmaceuticals 18(2), 267. https://doi.org/10.3390/ph18020267 

Olascuaga-Castillo, K. A., Castillo-Medina, O., Villacorta-Zavaleta, M., Diaz-Ortega, J., 

Blanco-Olano, C., Altamirano-Sarmiento, D., Valdiviezo-Campos, J. (2024): Extraction of 

essential oils by hydrodistillation of four aromatic species: conditioning, extraction conditions, 

yield and chemical composition. Scientia Agropecuaria 15(3), 385‒408. 

https://doi.org/10.17268/sci.agropecu.2024.029 

https://doi.org/10.2174/1381612825666190702095612
https://doi.org/10.1016/j.sjbs.2017.02.004
https://doi.org/10.1080/09603123.2024.2355292
https://doi.org/10.1038/s41598%E2%80%91022%E2%80%9110109%E2%80%91y
https://doi.org/10.1016/j.jarmap.2021.100345
https://doi.org/10.3390/antiox10020300
https://doi.org/10.3390/medicines5030098
https://doi.org/10.18596/jotcsa.929188
https://doi.org/10.1093/ajcn/74.4.418
https://doi.org/10.3390/ph18020267
https://doi.org/10.17268/sci.agropecu.2024.029


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 
 

131 
 

Omairi, I., Kobeissy, F., Nasreddine, S. (2020): Anti-oxidant, anti-hemolytic effects of Crataegus 

aronia leaves and its anti-proliferative effect enhance cisplatin cytotoxicity in A549 human lung 

cancer cell line. Asian Pacific Journal of Cancer Prevention 21(10), 2993‒3003. 

https://doi.org/10.31557/APJCP.2020.21.10.2993 

Onan, D., Çevikelli, T., Güven, U. M., Demirtürk, E. (2022): Development and validation of an HPLC 

method for determination of quercetin. Journal of Pharmaceutical Technology. 3(1), 1‒6. 

https://doi.org/10.37662/jpt.2022.1000275 

Oniga, I., Pușcaș, C., Silaghi-Dumitrescu, R., Olah, N.-K., Sevastre, B., Marica, R., Marcus, I., 

Sevastre-Berghian, A. C., Benedec, D., Pop, C. E., Hanganu, D. (2018): Origanum vulgare ssp. 

vulgare: chemical composition and biological studies. Molecules 23(8), 2077. 

https://doi.org/10.3390/molecules23082077 

Öztürk, N., Tunçel, M., Potoğlu-Erkara, İ. (2009): Phenolic compounds and antioxidant activities of 

some Hypericum species: a comparative study with H. perforatum. Pharmaceutical Biology 

47(2), 120‒127. https://doi.org/10.1080/13880200802437073 

Pandey, A., Belwal, T., Tamta, S., Bhatt, I. D., Rawal, R. S. (2019): Phenolic compounds, antioxidant 

capacity and antimutagenic activity in different growth stages of in vitro raised plants of 

Origanum vulgare L. Molecular Biology Reports 46(2), 2231‒2241. 

https://doi.org/10.1007/s11033-019-04678-x  

Parra, C., Muñoz, P., Bustos, L., Parra, F., Simirgiotis, M. J., Escobar, H. (2021): UHPLC-DAD 

characterization of Origanum vulgare L. from Atacama Desert Andean region and antioxidant, 

antibacterial and enzyme inhibition activities. Molecules 26(7), 2100. 

https://doi.org/10.3390/molecules26072100 

Pérez-Jiménez, J. and Saura-Calixto, F. (2015) Macromolecular antioxidants or non-extractable 

polyphenols in fruit and vegetables: intake in four European countries. Food Research 

International 74, 315‒323. https://doi.org/10.1016/j.foodres.2015.05.007 

Perron, N. R. and Brumaghim, J. L. (2009) A Review of the antioxidant mechanisms of polyphenol 

compounds related to iron binding. Cell Biochemistry and Biophysics 53(2), 75‒100. 

https://doi.org/10.1007/s12013-009-9043-x 

Peršurić, Ž., Saftić Martinović, L., Malenica, M., Gobin, I., Pedisić, S., Dragović-Uzelac, V., Kraljević 

Pavelić, S. (2020): Assessment of the biological activity and phenolic composition of ethanol 

extracts of pomegranate (Punica granatum L.) peels. Molecules 25(24), 5916. 

https://doi.org/10.3390/molecules25245916 

Rahman Neamah, S., Hadi Mohsin, D., Hameed Kamil, Z. (2021): Phytochemical screening and 

antibacterial effect of methanol extracts of Suaeda aegyptiaca leaves on Staphylococcus 

aureus, Staphylococcus epidermidis, Escherichia coli, and Pseudomonas aeruginosa. Archives 

of Razi Institute 76(5), 1343‒1349. https://doi.org/10.22092/ari.2021.356133.1784 

Razzouk, S., Mazri, M. A., Jeldi, L., Mnasri, B., Ouahmane, L., Alfeddy, M. N. (2022): Chemical 

composition and antimicrobial activity of essential oils from three Mediterranean plants 

against eighteen pathogenic bacteria and fungi. Pharmaceutics 14(8), 1608. 

https://doi.org/10.3390/pharmaceutics14081608 

Redfern, J., Kinninmonth, M., Burdass, D., Verran, J. (2014): Using Soxhlet ethanol extraction to 

produce and test plant material (essential oils) for their antimicrobial properties. Journal of 

Microbiology and Biology Education 15(1), 45‒46. https://doi.org/10.1128/jmbe.v15i1.656 

Rehman, Y. U., Iqbal, A., Ali, G., Alotaibi, G., Ahmed, A., Ayaz, M. (2024): Phytochemical analysis, 

radical scavenging and glioblastoma U87 cells toxicity studies of stem bark of buckthorn 

https://doi.org/10.31557/APJCP.2020.21.10.2993
https://doi.org/10.37662/jpt.2022.1000275
https://doi.org/10.3390/molecules23082077
https://doi.org/10.1080/13880200802437073
https://doi.org/10.3390/molecules26072100
https://doi.org/10.1016/j.foodres.2015.05.007
https://doi.org/10.1007/s12013-009-9043-x
https://doi.org/10.3390/molecules25245916
https://doi.org/10.22092/ari.2021.356133.1784
https://doi.org/10.3390/pharmaceutics14081608
https://doi.org/10.1128/jmbe.v15i1.656


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 

132 
 

(Rhamnus pentapomica R. Parker). BMC Complementary Medicine and Therapies 24(1), 12. 

https://doi.org/10.1186/s12906-023-04309-w 

Rice-Evans, C. A., Miller, N. J., Paganga, G. (1996) Structure-antioxidant activity relationships of 

flavonoids and phenolic acids. Free Radical Biology and Medicine 20(7), 933‒956. 

https://doi.org/10.1016/0891-5849(95)02227-9 

Sherwood, J. (2025): How do you (dis)solve a problem like methylene chloride? RSC Sustainability 

3(9), 3891–3902. https://doi.org/10.1039/d5su00443h 

Siddiqui, S. (2017): Impact of 360-degree feedback on employee and organization growth: with 

reference to higher education institutes of Pakistan. International Journal of Approximate 

Reasoning 5, 27‒32. https://doi.org/10.21474/ijar01/3778 

Silva, B. A., Ferreres, F., Malva, J. O., Dias, A. C. P. (2005): Phytochemical and antioxidant 

characterization of Hypericum perforatum alcoholic extracts. Food Chemistry 90 (1‒2), 157‒

167. https://doi.org/10.1016/j.foodchem.2004.03.049 

Simirgiotis, M. J., Burton, D., Parra, F., López, J., Muñoz, P., Escobar, H., Parra, C. (2020): 

Antioxidant and antibacterial capacities of Origanum vulgare L. essential oil from the arid 

Andean region of Chile and its chemical characterization by GC-MS. Metabolites 10(10), 414. 

https://doi.org/10.3390/metabo10100414 

Singleton, V. L. and Rossi, J. A. (1965): Colorimetry of total phenolics with 

phosphomolybdic-phosphotungstic acid reagents. American Journal of Enology and Viticulture 

16(3), 144‒158. https://doi.org/10.5344/ajev.1965.16.3.144 

Sweidan, N., Abu Rayyan, W., Mahmoud, I., Ali, L. (2023): Phytochemical analysis, antioxidant, and 

antimicrobial activities of Jordanian pomegranate peels. PLOS ONE 18(11), e0295129. 

https://doi.org/10.1371/journal.pone.0295129 

Tacherfiout, M., Petrov, P. D., Mattonai, M., Ribechini, E., Ribot, J., Bonet, M. L., Khettal, B. (2018): 

Antihyperlipidemic effect of a Rhamnus alaternus leaf extract in Triton-induced hyperlipidemic 

rats and human HepG2 cells. Biomedicine and Pharmacotherapy. 101, 501‒509. 

https://doi.org/10.1016/j.biopha.2018.02.106 

Toul, F. and Djendar, A. (2023): Comparison of major bioactive components of various solvent 

extracts from Algerian Bunium incrassatum umbellules and antioxidant activity. Journal of the 

Turkish Chemical Society Section A: Chemistry 10(2), 505–512. 

https://doi.org/10.18596/jotcsa.1184342 

Urquiaga, I. and Leighton, F. (2000) Plant polyphenol antioxidants and oxidative stress. Biological 

Research 33(2), 55–64. https://doi.org/10.4067/S0716-97602000000200004 

Vardapetyan, V. V., Grigoryan, A. A., Shahinyan, G. A., Soloyan, A. M., Martiryan, A. I. (2025): 

Antioxidant activity, mineral profile, fatty acids and organic acids analysis of Sambucus nigra L. 

flower extracts: optimization of extraction methods. Food Chemistry 477, 143546. 

https://doi.org/10.1016/j.foodchem.2025.143546 

Vázquez-González, Y., Ragazzo-Sánchez, J. A., Calderón-Santoyo, M. (2020): Characterization and 

antifungal activity of jackfruit (Artocarpus heterophyllus Lam.) leaf extract obtained using 

conventional and emerging technologies. Food Chemistry 330, 127211. 

https://doi.org/10.1016/j.foodchem.2020.127211 

Vergun, O., Svidenko, L., Grygorieva, O., Horčinová Sedláčková, V., Fatrcová Šramková, K., 

Ivanišová, E., Brindza, J. (2022): Polyphenol components and antioxidant activity of Thymus 

spp. Potravinarstvo Slovak Journal of Food Sciences 16, 1‒14. https://doi.org/10.5219/1715 

https://doi.org/10.1186/s12906-023-04309-w
https://doi.org/10.1016/0891-5849(95)02227-9
https://doi.org/10.1016/j.foodchem.2004.03.049
https://doi.org/10.3390/metabo10100414
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1371/journal.pone.0295129
https://doi.org/10.1016/j.biopha.2018.02.106
https://doi.org/10.4067/S0716-97602000000200004
https://doi.org/10.1016/j.foodchem.2025.143546
https://doi.org/10.1016/j.foodchem.2020.127211
https://doi.org/10.5219/1715


Croat. J. Food Sci. Technol. (2026) 18 (1) 113 – 133 
 

133 
 

Viapiana, A. and Wesolowski, M. (2017): The phenolic contents and antioxidant activities of 

infusions of Sambucus nigra L. Plant Foods for Human Nutrition 72(1), 82‒87. 

https://doi.org/10.1007/s11130-016-0594-x 

Wahab, A., Suhag, R., Kellil, A., Tenuta, M. C., Scampicchio, M., Ferrentino, G. (2025): Oxidation 

kinetics of speck fat: insights into its oxidizability and antioxidant efficiency of Salvia officinalis 

L. and Origanum vulgare L. ethanolic extracts. Meat Science 226, 109846. 

https://doi.org/10.1016/j.meatsci.2025.109846 

Woisky, R. G. and Salatino, A. (1998): Analysis of propolis: some parameters and procedures for 

chemical quality control. Journal of Apicultural Research 37(2), 99‒105. 

https://doi.org/10.1080/00218839.1998.11100961 

Yassin, M. T., Mostafa, A. A.-F., Al Askar, A. A. (2021): In vitro evaluation of biological activities and 

phytochemical analysis of different solvent extracts of Punica granatum L. (pomegranate) 

peels. Plants 10(12), 2742. https://doi.org/10.3390/plants10122742 

Yogesh, R., Srivastava, N., Mulik, B. (2023): Efforts to replace methylene chloride in 

pharmaceutical process chemistry. Macromolecular Symposia 407(1), 2100502. 

https://doi.org/10.1002/masy.202100502 

Yu, M. Y., Gouvinhas, I., Rocha, J., Barros, A. I. R. N. A. (2021): Phytochemical and antioxidant 

analysis of medicinal and food plants towards bioactive food and pharmaceutical resources. 

Scientific Reports 11(1), 10041. https://doi.org/10.1038/s41598-021-89437-4 

Zakarya, A. Y., Rasheed, D. M., Emad, A. M., Farag, M. A., Goda, Z. M., Riad, O. K. M., Tohamy, S. 

T. K., Elbanna, A. H. (2025): Comparative metabolomic profiling and chemometric correlation 

of Salvia rosmarinus Spenn. and Origanum vulgare L. with antibacterial, antioxidant and 

anti-inflammatory activities. Scientific Reports 16(1), 990. 

https://doi.org/10.1038/s41598-025-30607-z 

Zeouk, I. and Bekhti, K. (2020): A critical overview of the traditional, phytochemical and 

pharmacological aspects of Rhamnus alaternus: a Mediterranean shrub. Advances in 

Traditional Medicine 20(1), 1-11. https://doi.org/10.1007/s13596-019-00388-8 

Zhang, X.-L., Guo, Y.-S., Wang, C.-H., Li, G.-Q., Xu, J.-J., Chung, H. Y., Ye, W.-C., Li, Y.-L., Wang, G.-C. 

(2014): Phenolic compounds from Origanum vulgare and their antioxidant and antiviral 

activities. Food Chemistry 152, 300‒306. https://doi.org/10.1016/j.foodchem.2013.11.153 

Zhao, B., Zhang, C., Guo, T., Wei, Y. (2024): Punica granatum L. polysaccharides: a review on 

extraction, structural characteristics and bioactivities. Carbohydrate Research 544, 109246. 

https://doi.org/10.1016/j.carres.2024.109246 

Zhao, L. and Zheng, L. (2023) A Review on bioactive anthraquinone and derivatives as the 

regulators for ROS. Molecules 28(24), 8139. https://doi.org/10.3390/molecules28248139 

Zouine, N., El Ghachtouli, N., El Abed, S., Koraichi, S. I. (2024): A comprehensive review on 

medicinal plant extracts as antibacterial agents: factors, mechanism insights and future 

prospects. Scientific African 26, e02395. https://doi.org/10.1016/j.sciaf.2024.e02395 

 

https://doi.org/10.1007/s11130%E2%80%91016%E2%80%910594%E2%80%91x
https://doi.org/10.1016/j.meatsci.2025.109846
https://doi.org/10.1080/00218839.1998.11100961
https://doi.org/10.3390/plants10122742
https://doi.org/10.1038/s41598%E2%80%91021%E2%80%9189437%E2%80%914
https://doi.org/10.1038/s41598%E2%80%91025%E2%80%9130607%E2%80%91z
https://doi.org/10.1007/s13596-019-00388-8
https://doi.org/10.1016/j.foodchem.2013.11.153
https://doi.org/10.1016/j.carres.2024.109246
https://doi.org/10.3390/molecules28248139
https://doi.org/10.1016/j.sciaf.2024.e02395

