
981 

ESTIMATING PHYTOCHEMICAL CONTENT, ANTIOXIDANT 

AND ANTIBACTERIAL EFFICACY OF WILD ADIANTUM 

CAPILLUS-VENERIS  
 

Z. Lazim 1      Z. Ahmad 1*       H. Faizy 2  

1 University of Sulaimani - College of Agricultural Engineering Sciences 
2 University of Duhok - College of Agricultural Engineering Sciences 

 

*Correspondence to: Zhala M. Ahmad, Department of Horticulture, College of Agricultural 

Engineering Sciences, University of Sulaimani, Iraq.     

Email: zhala.ahmad@univsul.edu.iq  

Article info  Abstract 

Received:      2024-03-16 

Accepted:      2024-05-08 

Published:     2024-12-31 

 

DOI-Crossref:  

10.32649/ajas.2024.184464 

  

Cite as:  

Lazim, Z., Ahmad, Z., and 

Faizy, H. (2024). Estimating 

phytochemical content, 

antioxidant and antibacterial 

efficacy of wild adiantum 

capillus-veneris. Anbar Journal 

of Agricultural Sciences, 22(2): 

981-996.          

This study evaluated some chemical compounds, and 

the antioxidant and antibacterial activities of 

Adiantum capillus-veneris. The samples were 

collected from Penjwen in Sulaymaniyah city, Iraq. 

The methanolic extract had an overall phenolic value 

of 45.89 milligrams GAE/gram, evaluated through 

the Folin-Ciocalteu reagent. The measured total 

flavonoid content was 24.58 mg RE/g, determined 

using the aluminum chloride method. Moreover, the 

methanolic extract contained total glycoside (121 mg 

securidaside/g) and total saponin (16 mg/g). The 

HPLC analysis found that the sample contained 

ferulic acid, p-coumaric acid, apigenin, catechin, and 

luteolin. Of these compounds, p-coumaric acid and 

catechin were the most abundant in concentration. 

The extract's antioxidant activity was assessed using 

the DPPH method, with the A. capillus-veneris 

extract exhibiting scavenging of DPPH radicals at an 

IC50 value of 106 µg/mL, compared to 250 µg/mL 

for ascorbic acid. The antibacterial activity of 

methanolic extract against both gram positive 

(Enterococcus faecalis and Staphylococcus aureus) 

and gram negative (Escherichia coli and 

Pseudomonas aeruginosa) bacteria was evaluated 

using the disc diffusion method. The diameters of 

inhibition zone values for all tested bacteria 

increased at higher A. capillus-veneris extract 
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concentrations, with S. aureus and E. coli being the 

most sensitive bacteria. The minimum inhibitory 

concentration of the extract was 100 µg/mL. This 

study highlights the potential of A. capillus-veneris 

as a natural source of antioxidant and antibacterial 

compounds. 

Keywords: Adiantum capillus-veneris, Chemical compound, HPLC, Antioxidant, 

antibacterial. 

تقدير المحتوى الكيميائي والفعالية المضادة للأكسدة وللبكتريا لنبات كزبرة البئر  
             Adiantum capillus-venerisالبري   

    

     2 هدار فيزي         *  1 ژالة احمد          1 زينب لازم
 جامعة السليمانية  -كلية علوم الهندسة الزراعية  1

 دهوك جامعة   - الزراعيةكلية علوم الهندسة  2

   .ة، جامعة السليمانية، السليمانية، العراقي ، كلية علوم الهندسة الزراعژالة احمد*المراسلة الى: 
 zhala.ahmad@univsul.edu.iq  البريد الالكتروني:

 الخلاصة

من بعض المركبات Adiantum capillus-veneris تهدف هذه الدراسة الى تقدير محتوى النبات كزبرة البئر  
النباتات من مايس   من    2023الكيميائية اضافة الى دراسة فعاليتها المضادة للأكسدة وللبكتيريا، تم جمع هذه 

وعلى    N"46.2'20°36منطقة بنجوين في مدينة السليمانية والتي تقع في شمال العراق وعلى خطوط عرض  
م عن مستوى سطح البحر. وقد اظهرت النتائج ان محتوى  1083وعلى ارتفاع    E"39.4'42°44خطوط الطول  

ملغم حامض   45.89تقديرها بطريقة كاشف فولن كان    والتيمن الفينولات الكلية   المستخلص الميثانولي لهذا النبات 
الكلية    في  الغاليك/غم،    24.58قدرت بطريقة لكلوريد الألمنيوم كان    والتي حين كان المحتوى من الفلافونيدات 

الكلية    ملغم الكلايكوسيدات  من  المحتوى  دراسة  تم  وقد  سيكيوريداسايد/غم    121بلغت    والتيروتين/غم.  ملغم 
على حامض الفريوليك   احتوائه  HPLCوقد وجد عند تحليل المستخلص بواسطة    ملغم/غم.  16والصابونينات الكلية  

وحامض الكوماريك والابجين والكاتكين والليتينول وكان كل من حامض الكوماريك والكاتكين هما الأكثر تركيزا  
طريقة   بواسطة  للأكسدة  المضادة  الفعالية  نتائج  اظهرت  وقد  الأخرى.  بالمركبات  قيمة  DPPHقياسا  ان   ، 

IC50  الأسكوربيك،  250ميكروغرام/مل مقارنة ب    106للمستخلص كانت لحامض  بينت   ميكروغرام/مل  كما 
 Staphylococcus aureus  Enterococcus faecalis)البكتيريا موجبة الغرام  نتائج فعالية المستخلص ضد  

and)  ( وسالبة الغرام (Escherichia coli and Pseudomonas aeruginosa    بطريقة الانتشار القرصي
 .S ان يتم منطقة التثبيط لجميع أنواع البكتيريا المدروسة ازدادت بزيادة تركيز المستخلص. وقد لوحظ ان كلا من

aureus وE. coli     .البكتريا الأخرى قيد الدراسة وقد وجد ان الحد الأدنى  هما الأكثر حساسية قياسا بأنواع 
ميكروغرام/مل. ومن خلال هذه النتائج تم التوصل الى أن هذا   100 لمستخلص هو( لهذا اMICلتركيز التثبيط )
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ممكن ان تعد مصدرًا طبيعيًا واعدا كمركبات مضادة    والتيعلى تراكيز عالية من المركبات الفعالة    يحتوي النبات  
 .للأكسدة وللبكتيريا

مفتاحية: الكيميائية،  Adiantum capillus-veneris  كلمات  المركبات   ،HPLC الأكسدة ومضادة ، مضادة 
        .البكتيريا

Introduction 

Plants are among of the most significant sources of medicines. The oldest forms of 

medicine were traditionally derived from medicinal plants. Every community has 

utilized plants throughout history, and in poor countries, most people receive their 

primary medical care from plant-based traditional medicine (24). Culture and 

philosophy impact traditional medical practices, which differ from country to country. 

According to World Health Organization (WHO) estimates, about 80% of the global 

population depend on natural products for their health as herbal medicines are 

inexpensive, readily available, and free of side effects (40). The use of medicinal plants 

to replace chemical and synthetic drugs is increasing, contrary to some people's belief 

that traditional medicine is worthless and unusable in modern science (36). 

Adiantum capillus-veneris, a fern belonging to the Pteridaceae family, is found 

worldwide, including in Iraq and neighboring countries (5), and thrives in areas 

characterized by high humidity and warm temperatures (25). Various active 

compounds such as phenylpropanoids, flavonoids, terpenoids, carotenoids, steroids, 

and other chemicals have been extracted from different Adiantum species (5). A. 

capillus-veneris has been shown to have properties that include analgesic, anti-diabetic, 

anti-thyroidal, anticonvulsant, hypocholesterolemic, antidiarrheal, antimicrobial, 

wound healing, goitrogenic, anti-inflammatory, antispasmodic, antioxidant, and anti-

asthmatic effects (14). Extracts from this fern have exhibited promising 

microbiological activities (11). The protective effects against various diseases may be 

attributed to the presence of antioxidants like phenolic and flavonoid compounds found 

in plant (21). 

The active compounds found in medicinal plants have garnered significant interest, 

since they hold promise as potential sources of new found prototype antibiotics and 

exhibit vast therapeutic possibilities against numerous contagious diseases. The 

antibacterial properties of phytochemicals are associated with fewer side effects (39).  

The prospect of developing antibacterial agents from plants is intriguing, as it could 

pave the way for the creation of phytomedicines to combat microbes. With many 

clinically active antibiotics losing effectiveness due to their increasing resistance, the 

current landscape presents significant clinical challenges in infectious disease 

treatment. Therefore, biomolecules derived from plants have emerged as viable 

alternatives in the battle against antibiotic-resistant pathogens (8). 

Although medicinal herbs, including ferns, are extensively utilized in Iraq, there is 

a scarcity of information regarding their active phytochemicals and biological 

properties (3). Therefore, this study sought to estimate the phytochemical composition 

and some biological activities of the extract in the plants under examination. 
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Materials and Methods 

Plant collection and identification: Arial parts of A. capillus-veneris were collected 

at an altitude of 1083 m in May 2023 from Penjwen in Sulaymaniyah city in the north 

of Iraq. The latitude of the sampling place was 36°20'46.2"N and the longitude is 

44°42'39.4"E. Table 1 shows meteorological data of Penjwen during March, April, and 

May. The plant was identified at the Iraqi National Herbarium by the taxonomist Ali 

Haloob Kadhim and also accepted by (20).  

Table 1: Meteorological data of Penjwen for March, April, and May 2023. 

Month Sum Average 

Rainfall 

(mm) 

Temperature 

(ᵒc) 

Humidity 

(%) 

Pressure Sun 

duration 

(hr.) 

Wind 

speed 

(m/sec.) 

Wind 

direction 

March 241 9.7 74 872.9 5.3 1.8 200 

April 136.6 12.8 63 873.5 7.1 1.8 190 

May 47 17.9 52 874.3 7.3 1.7 190 

Plant extract preparation: The plant parts were cleaned and dried at a room 

temperature of 25°C. The samples were ground well using an electric blender and then 

stored at 4°C. The extraction was carried out according to (38) with minor 

modifications. Plant powder (100 g) was soaked in 1000 mL of methanol overnight on 

an automatic shaker at 30°C. The extraction was filtered through Whatman filter paper 

No. 1. Thereafter, the methanolic extract was dehydrated until reaching a stable weight 

at 38°C, then preserved at 4°C. 

Phytochemical contents: Total phenolic content was determined in the methanolic 

extract with Folin-Ciocalteu reagent described by (1) with minor modifications. 100 μl 

of extract (1 mg/mL methanol) was mixed with 4 mL of 10% Folin-Ciocalteu reagent 

and allowed to react for 5 min. at room temperature (RT). After that, 2 mL of 20% 

sodium carbonate solution was added and left for 60 min. at  RT. Concerning blanks, 

the same steps above were repeated except for the extract. The measurement was done 

by using a spectrophotometer at 765 nm. The total amount of phenolic compounds was 

represented in milligrams of gallic acid equivalent (GAE) (Sigma-Aldrich, Germany) 

per gram of dried extract. 

Total flavonoid content was evaluated using the aluminum chloride colorimetric 

method (26) with slight modifications. Initially, 0.5 mL of extract (1 mg/mL methanol) 

was diluted to 1 mL with methanol, then mixed with 4 mL of dH2O. Subsequently, 0.3 

mL of 5% NaNO2 was added, followed by 0.3 mL of 10% AlCl3 after a 5-minute 

incubation. After standing for 6 minutes, 2 mL of 4% NaOH was added, and the final 

volume of the mixture was made up to 10 mL with double dH2O. Following a 15-

minute incubation at RT, the absorbance was measured at 510 nm. The total flavonoid 

was evaluated using a calibration curve and expressed as milligrams of rutin equivalent 

(RE) (Sigma-Aldrich, Germany) per gram of dried extract. 

For determination of glycosides, 1 mL of the extract (1 mg/mL) was mixed with 1 

mL of freshly prepared Baljet's reagent [1% picric acid (95 mL) +10% NaOH (5 mL)].  

Following an hour, the solution was diluted with 20 mL of dH2O, and the absorbance 

was measured by spectrophotometer at 495 nm. The results of the total glycoside 
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content were calculated based on a standard curve and expressed as mg of securidaside 

per gram of dried extract (22). 

The total saponin content of the plant powder was measured according to the method 

described by (18). A measured weight (5 g) of the plant powder was mixed with 50 mL 

of 20% methanol. The solution was heated at 55ºC for 90 minutes in a water bath. After 

that, it was filtered via Whatman filter paper No. 42. The residue left after filtration 

was re-extracted with 50 mL of 20% methanol and both extracts were mixed and then 

condensed to approximately 40 mL at 90ºC. The combined extract was then moved to 

a separating funnel and mixed with 40 mL of diethyl ether. This process was repeated 

multiple times until the color of the aqueous layer became transparent. Normal butanol 

(60 mL) was used to extract the saponins. In a pre-weighed dish, the combined extracts 

were evaporated to dryness after washing with a 5% aqueous NaCl. An average was 

obtained by repeating the procedure twice more. 

HPLC analysis: About 100 mL of chloroform was added to 20 grams of powder 

plant and placed on the electric vibrator for 3 hours to remove the fat from the sample. 

The chloroform layer was then removed using a separation funnel, and the sample dried 

at 38°C to ensure that no residues of chloroform remained. Then, 10 g of the dried 

sample was taken to extract using 100 mL of 70% methanol as the solvent. The 

extraction process was carried out using an Ultrasonic Bath at RT for 1 hour. The 

solvent was evaporated using rotary evaporator under vacuum, and dried at 38°C. 

Individual phenolic compounds were quantified using reversed phase HPLC analysis, 

employing a chromatographic system comprising a chemstation software, UV detector, 

binary pump, autosampler, online vacuum degasser, and a Zorbax Eclipse Plus-C18-

ODS column. The gradient elution method used methanol (eluent A) and 1% formic 

acid in water (eluent B), with a sequence of 40% B (0-4 min) and 50% B (4-10 min). 

Operating conditions included a column temperature of 30ºC, a flow-rate of 0.7 

mL/min, and an injected 100 μl volume of both samples and standards, automatically 

done via an autosampler. Spectra were acquired at 280 nm (32). 

Antioxidant activity: The DPPH assay was assessed according to the method 

described by (4) with some modifications. To analyze the ascorbic acid and the extract 

for their antioxidant activities, they were dissolved in methanol (95%) at various 

concentrations (30, 60, 120, 250, 500 ppm). Then 50 µL of these solutions were 

combined with 1950 µL of a DPPH (6 x 10-5 M). The mixture was shaken vigorously, 

then incubated at RT in the dark for 30 min. A control was prepared by mixing 50 µL 

of methanol (95%) with 1950 µL of methanolic DPPH. The absorbance of the solution 

was then measured at 515 nm. The percentage of antioxidant activity was determined 

by the following equation:  

Antioxidant activity (%) =
 Absorbance of control −  Absorbance of the sample 

 Absorbance of control 
× 100 

 

The IC 50 value of the samples, representing the concentration of samples needed 

to inhibit 50% of the DPPH free radical, was measured by the relative correlation 

between antioxidant concentration and inhibition capacity. 

    Antibacterial activity: Gram positive bacteria (Enterococcus faecalis and 

Staphylococcus aureus) and gram negative bacteria (Escherichia coli and 
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Pseudomonas aeruginosa) were used. The isolates were confirmed using the vitek2 

compact system at the microbiology lab/Central laboratory/College of Agricultural 

Engineering Science/University of Duhok. 

Disc diffusion assay was used to evaluate the antimicrobial activity. This method 

was used as it is approved by CLSI standards (12). The plant extract underwent 

dissolution of sterile distilled water before passing via a 0.25 um sterile filter. After 

that, four concentrations of the A. capillus-veneris extract (25, 50, 75, and 100 µg/mL) 

were prepared through dissolving in sterile distilled water. Fresh overnighted bacterial 

suspensions were adjusted to 0.5 McFarland turbidity standard which is equal to 

1.5×108 CFU/mL (27). Then, Nutrient Agar base was inoculated with bacteria 

suspensions (1.5×108 CFU/mL) using sterile swabs that were spread homogeneously 

on the petri dishes. Subsequently, discs (6 mm diameter) soaked with 10 μL of different 

concentrations of the plant extract were placed on the media surface. The two control 

discs included were: one with sterile distilled water as a negative control and another 

with amikacin (AK) (10 μg/disc) as a positive control. The inhibition zone was 

measured (mm) using a vernier tool after the plates were incubated at 37°C for 24 

hours, with each experiment conducted in four replicates. The diameters of the disc and 

the halo of inhibition produced for each material were used to calculate the size of the 

inhibition zones, as described below (15 and 30).  

Size of inhibition zone = diameter of halo - diameter of the disc  

Minimum Inhibitory Concentration (MIC): For the preparation of the nutrient broth, 

suspend 13.0 g in 1000 mL dH2O, heat to dissolve the medium, and sterilize using 

autoclave at 121°C for 20 min. The fresh overnight bacteria culture was adjusted to 0.5 

McFarland to determine the MIC of A. capillus-veneris extract. A bacterial culture of 

5 mL was dispensed into the tubes, followed by 10 mL of various concentrations of the 

plant extract (25, 50, 75, and 100 µg /mL). In addition, the tube containing Amikacin 

was used as negative control, while the tube that contained only bacterial culture served 

as a positive control. The tubes were left to incubate overnight at 37°C. After 24 hours, 

the tubes were visually checked for turbidity (bacterial growth). The MIC assay was 

performed in four replicates (6). 

Statistical analysis: The collected data was submitted to SPSS program (35) for 

statistical analysis. One-way ANOVA (for the effect of treatment on the bacterial 

species, separately) and Two-way ANOVA (for the effect of the interaction between 

the treatment and bacterial species, together) were applied. However, the means within 

ANOVA were separated using Duncan’s multiple range test at P ≤ 0.01 (17).  

 Results and Discussion 

Phytochemical contents: Figure 1 illustrates the concentration of total phenol, 

flavonoid, glycoside, and saponin in the dry extract of A. capillus-veneris. The total 

phenol is quantified as milligram of gallic acid per gram of dry extract (mg GAE/g). 

The results revealed that the dry plant extract displayed a moderate phenolic content, 

measuring 45.89 mg GAE/g. While (33) found lower levels (21.17 mg GAE/g) of 

phenolic compounds in the methanolic extracts of A. capillus-veneris. In contrast, a 

previous study (41) indicated a significantly higher total phenolic content of 83.62 mg 

https://endmemo.com/sconvert/microgram_ml.php
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GAE/g in methanolic extract of the plant. The flavonoid content is represented as 

milligrams of rutin per gram of dry extract (mg RE/g). According to the analysis 

findings, the total amount of flavonoid was 24.58 mg RE/g. 

Concerning the concentration of total glycoside, the glycoside content is represented 

as milligram of securidaside per gram of dry extract (mg securidaside/g). The total 

glycoside content of the methanolic extract was 121 mg securidaside/g. With regard to 

the saponin percentage, it was noted that the plant powder extract contained 16 mg/g. 

These results corroborate those of (2), who found that all parts of A. capillus-veneris 

contained phenol, flavonoid, glycoside, and, saponin. Polyphenolic composition varies 

both in quality and quantity among different plants, a variability that may be ascribed 

to the specificity of the chemical quantification methods for phenolic compounds and 

the type of standard employed (19).  

 

Figure 1: Total phenol, flavonoid, glycoside, and saponin contents of methanolic 

extract of A. capillus-veneris. 

HPLC analysis: Figure 2 shows the chromatogram of various phenolic compounds 

of A. capillus-veneris methanolic extracts using HPLC, which resulted in 5 peaks. The 

quantitative analysis results for each identified compound revealed the presence of 

ferulic acid, p-coumaric acid, apigenin, catechin, and luteolin (Table 2). The major 

identified compounds were p-coumaric acid (152.2 µg/g) and catechin (152 µg/g), 

followed by luteolin (125.2 µg/g) and apigenin (99 µg/g), while ferulic acid had the 

lowest value 39.1 µg/g. These findings agree with (11) that the hydromethanolic extract 

of A. capillus-veneris contains ferulic acid, p-coumaric acid, apigenin, and catechin.  
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Figure 2: HPLC chromatogram showing different phenolic contents of 

methanolic extract of A. capillus-veneris. 

Extraction has a crucial role in isolating and identifying phenolic compounds. 

Several factors influence the extraction process, including the attributes of phenol, 

along with the selected extraction method, extraction solvent, sample particle size, 

temperature, and pH (23). In fact, (7) observed variations in polyphenol content based 

on the choice of solvents and extraction durations. According to (29), commonly used 

extraction solvents for polyphenols include acidified methanol and methanol. 

Additionally, the chemical content of plant extracts is affected by climatic conditions, 

geographical origin, cultivation techniques, harvest timing, and sample composition 

(16).  

Table 2: HPLC analysis of the phenolic contents of methanolic extract of A. 

capillus-veneris.  

Compounds Retention times (min.) Concentration (µg/g) 

Ferulic acid 3.60 39.1 

P-Coumaric acid 3.95 152.2 

Apigenin 5.99 99.0 

Catechin 7.94 152.0 

Luteolin 9.00 125.2 

Antioxidant activity: The methanolic extract exhibited a significant DPPH radical 

neutralization effect (Figure 3). The percentage of antioxidant activity increased along 

with the increase in A. capillus-veneris methanolic extract and ascorbic acid 

concentration. The highest percentage of antioxidant activity was recorded at a 

concentration of 500 µg/mL in the plant methanolic extract (88.9%) and ascorbic acid 

(71.59%). The minimum concentration of A. capillus-veneris extract that inhibits 50% 

of the DPPH radical was 106 µg/mL. In comparison, the IC50 was 250 μg/mL recorded 

by ascorbic acid. 

Several studies investigated the antioxidant properties of A. capillus-veneris. 

According to (10), the methanolic extract of this plant exhibited a weaker antioxidant 

effect, with an IC50 value of 280 µg/mL.  

Phenolic compounds, which are widely found in plants and have high antioxidant 

activity, can be extracted mostly through their plant extracts (34). Moreover, phenolic 

and flavonoid contents play antioxidant roles among the various biological properties 

identified in A. capillus-veneris extracts (11). The structure of phenolic compounds, 

particularly the benzene ring and the number and position of the OH groups, determines 
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their ability or potential to have an antioxidant function. Antioxidant molecules are 

stabilized as a result of their reaction with free radicals (30). Due to resonance 

stabilization, the aromatic ring that donates the hydrogen atom transforms into a less 

reactive phenoxy radical. Phenolic compounds exhibit various functions as hydrogen 

donors, reducing agents, metal chelators, and singlet oxygen quenchers (37). 

 

Figure 3: Antioxidant activity (%) of methanolic extract from A. capillus-

veneris. 

Antibacterial activity: The antibacterial activity of various concentrations of the 

plant methanolic extract (25, 50, 75, and 100 µg/mL) against gram positive (E. faecalis 

and S. aureus) and gram negative (E. coli and P. aeruginosa) bacteria was determined 

by the presence of inhibition zones. The highest antibacterial activity was observed 

against S. aureus (9.53 mm), E. coli (8.14 mm), E. faecalis (4.71 mm), and P. 

aeruginosa (4.13 mm) at a concentration of 100 µg/mL (Figure 4). 
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Figure 4: Bacterial inhibition zone assay of four bacteria by A. capillus-veneris 

extract and amikacin. (A) E. faecalis. (B) S. aureus. (C) E. coli. (D) P. 

aeruginosa. 

Table 3 shows the effect of various concentrations of A. capillus-veneris extract and 

amikacin against the tested bacteria. Regarding the interaction between treatment and 

the type of bacteria, the highest value of the inhibition zone appeared against E. coli 

(17.60 mm) and S. aureus (15.79 mm) when using amikacin followed by A. capillus-

veneris extract at a concentration of 100 µg/mL against S. aureus (9.53 mm) and E. 

coli (8.14 mm). While, the lowest diameter of inhibition zone values was shown against 

E. faecalis (0.20 mm) and E. Coli (0.20 mm) at a concentration of 25 µg/mL. 

Furthermore, the diameter of inhibition zone values for all tested bacteria increased 

along with the increase in A. capillus-veneris methanolic extract concentration. The 

antibacterial activity of the extract at 100 µg/mL (6.63 mm) was higher than the other 

concentrations. Concerning the type of bacteria, S. aureus (4.93 mm) and E. coli (4.91 

mm) seemed to be more susceptible to the plant extract than other tested bacteria. 

Overall, the highest antibacterial activity was observed against all tested bacteria when 

using amikacin. 
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Table 3: Effect of different concentrations of A. capillus-veneris extract and 

amikacin against the tested bacteria. 

 E. faecalis S. aureus E. Coli P. aeruginosa MSE Overall mean 

Control 0.00 h 0.00 h 0.00 h 0.00 h 0.14 0.00 E 

AK 7.34 bc 15.79 a 17.60 a 6.22 c 1.31 11.74 A 

25 µg/mL 0.20 g 0.55 g 0.20 g 0.24 g 0.05 0.30 E 

50 µg/mL 0.72 g 1.19 f 0.55 g 0.86 g 0.09 0.83 D 

75 µg/mL 1.52 f 2.53 e 3.01 de 1.64 f 0.22 2.18 C 

100 µg/mL 4.71 d 9.53 b 8.14 b 4.13 d 0.60 6.63 B 

MSE 0.57 1.22 1.33 0.47   

Overall mean 2.42 B 4.93 A 4.91 A 2.18 B   

Means having different superscript letters are differed significantly, with the small letters denoting the 

effect of interaction and the capital letters denoting the effect of main factors. 

According to the results presented in Table 4, the treatment that inhibited the growth 

of bacteria was taken as the MIC. Regarding all types of bacteria, the concentration 

treatment of 100 µg/mL of plant extract recorded absolute inhibition of observed 

bacterial growth (no turbidity), while the other concentrations (50 and 75µg/mL) 

showed inhibition of bacterial growth but still exhibited light turbidity. On the other 

hand, the 25µg/mL concentration showed heavy turbidity indicating the growth of 

bacteria according to (9). Greater antimicrobial activity of the plant extracts was 

indicated by wider zones of inhibition (31). Our results confirm the findings of (11), 

who found that the extract of A. capillus-veneris has antibacterial capabilities against 

E. Coli and S. aureus. While (9) reported that the extract does not possess antibacterial 

effects against P. aeruginosa our findings indicate otherwise. Climatic factors, 

geographical location, and timing of harvest may contribute to the variations in the 

proportions of chemical contents. It is important to note that these fluctuations in 

chemical composition are responsible for their biological activities or medicinal 

effects, which differ from one region to another (16). (28) stated that phenolic 

compounds exhibit intriguing antibacterial properties against pathogenic bacteria. 

These substances have the ability to impact bacteria in various ways, such as hindering 

nucleic acid synthesis and plasma membrane function, as well as interfering with 

bacterial enzymatic processes or energy metabolism (13). 

Table 4: Observations of MIC test for A. capillus-veneris extract and amikacin. 

Bacterial strain Concentrations of plant extract (µg/mL) AK (µg/mL) 

25 50 75 100 

E. faecalis + + + - - 

S. aureus + + + - - 

E. Coli + + + - - 

P. aeruginosa + + + - - 

                            “–” = No bacterial growth; “+” = bacterial growth (turbidity). 

Conclusions 

This paper presents information on some phytochemical and biological activity of 

A. capillus-veneris, which was found to contain phenolic, flavonoid, glycoside, and 

saponin compounds. In the methanolic extract of the plant, five phenolic compounds 

(ferulic acid, p-coumaric acid, apigenin, catechin, and luteolin) were detected by 
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HPLC. According to the DPPH assay, the methanolic extract of the plant demonstrated 

significant antioxidant activity. The plant extract exhibited a higher level of antioxidant 

activity compared to the ascorbic acid, as well as showed antibacterial activity against 

E. faecalis, S. aureus, E. coli and P. aeruginosa. The MIC of the plant extract against 

the tested bacterial strains in this study was 100µg/mL. Even though the obtained A. 

capillus-veneris exhibits a promising antibacterial agent, additional research is 

suggested to develop and investigate the safe use of this species as a potential drug.  
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