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Introduction  

Oxidative stress, defined as an imbalance between the 

production of reactive oxygen species (free radicals) and antioxidant 

defenses, plays an important role in the development and progression 

of various diseases, including neurodegenerative disorders, 

cardiovascular disease, cancer, and diabetes.1 Natural compounds from 

plant extracts are effective in suppressing or inhibiting cellular damage 

caused by free radicals.2–4 Antioxidant properties of plants have helped 

to delay, reduce, and eliminate oxidative damage to target molecules.5,6  
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All living cells, particularly those that are close to locations where 

photosynthesis releases active oxygen are at risk of oxidative activities.7 

Morocco is a Mediterranean country with diverse meteorological 

conditions (humid and sub-humid climates).8 With about 4200 species, 

the Moroccan flora is one of the most diverse and prolific in the entire 

globe. For millennia, the Moroccan people, particularly those in rural 

areas, have employed a variety of species for medicinal purposes. Most 

of these species have been listed in the Moroccan pharmacopeia.9,10 

Medicinal plants contain numerous natural antioxidant compounds, 

such as polyphenols, flavonoids, tannins, stilbenes, and coumarins.11 

These compounds prevent free radical-mediated oxidative damage by 

acting at different sites in the pathophysiological pathway.1,3 The genus 

Herniaria (Caryophyllaceae) includes several species (H. glabra, H. 

hirsuta, and H. fontanesii) that are widely distributed in North Africa, 

Europe, and Asia.12,13 This genus is used in traditional Moroccan 

medicine as a diuretic and for the treatment of kidney diseases.14,15 In 

Algeria, the plant is used to treat bladder catarrh, bladder stones, and as 

a preventive treatment against the formation of kidney stones and 

urinary sand.14,15 In Europe, Herniariae Herba, which contains H. 

glabra and H. hirsuta, is used as a urological drug.12,15 Phytochemical 

studies on these species revealed the presence of saponins, flavonoids, 

and coumarins. While H. fontanesii was reported to contain 

herniariasaponins A–D which are bidesmosidic triterpenoid 

saponins,16,17 two monodesmosidic derivatives of medicagenic acid, 
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Herniaria hirsuta is a medicinal plant widely distributed in North Africa, Europe, and Asia. The 

plant is used in Moroccan traditional medicine for the treatment of a number of ailments. This 

study aimed to investigate the phytochemical profile and antioxidant activity of extracts of 

Herniaria hirsuta aerial parts. Plant extracts were obtained through aqueous decoction (EXD), 

hexane extraction (FHE), and ethanol extraction (FET) using a Soxhlet apparatus. Phytochemical 

analyses including preliminary phytochemical screening, total phenolic, flavonoid, flavonol, and 

tannin contents were done according to standard procedures. Antioxidant activity was evaluated 

using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging, and ferric reducing antioxidant 

power (FRAP) assays. EXD had the highest percentage yield (30.26 ± 1.89%), followed by FET 

(26.66 ± 1.65%) and FHE (14.5 ± 1.27%). EXD also had the highest polyphenol content (5.18 ± 

0.54 mg GAE/g), followed by FET (4.03 ± 0.67 mg GAE/g) and FHE (3.24 ± 1.81 mg GAE/g). 

FHE exhibited the highest levels of flavonoids (14.35 ± 0.98 mg QE/g) and flavonols (8.35 ± 0.24 

mg QE/g), while EXD showed lower flavonoid and flavonol contents (7.230.34 mg QE/g and 

5.34±0.13 mg QE/g, respectively). Tannin content was highest in FHE (2.95±0.46 mg CE/g) and 

lowest in FET (0.28±0.14 mg CE/g). Among the extracts, EXD demonstrated superior antioxidant 

activity with IC50 values of 703.33±0.98 µg/mL, 29.09±0.87 µg/mL, and 814.34±1.14 µg/mL in 

the DPPH, ABTS, and FRAP assays, respectively. These findings highlight the potential of 

Herniaria hirsuta in preventing and treating diseases associated with oxidative stress. 
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herniariasaponins E and F, were isolated from the aerial parts of H. 

hirsute.14 Herniaria has been known for different indications such as 

edema, bladder catarrh, urine retention, albuminuria, uremia, renal 

colic, diabetes, most kidneys and bladder diseases, bronchial catarrh, 

pulmonary phthisis, jaundice, leucorrhea, syphilis, skin diseases due to 

toxins in the blood, and weak eyesight associated with albuminuria or 

uremic disorders.18 

Previous studies have shown that Herniaria hirsuta is used to treat 

various ulcers, and lax wounds.19 Additionally, it is known for its 

aseptic, lightly spasmolytic, and potent anti-inflammatory effects in the 

urinary tract, kidney, and gall bladder.19 The main objective of this 

study was to investigate the phytochemicals, total phenolic, flavonoid, 

flavonol, and tannin contents of Moroccan Herniaria hirsuta extracts 

obtained by decoction and Soxhlet extraction, and to determine the 

antioxidant capacity of these extracts. 

 

Materials and Methods  
 

Plant collection and identification 

Aerial parts of Herniaria hirsuta were collected in April 2021 from 

M'rirt province of khenifra béni Mellal in the Khenifra region of 

Morocco (Figure 1). The plant material was identified and authenticated 

at the Scientific Institute of Rabat, where it was cataloged in the 

institute's herbarium, and assigned the voucher specimen number 

RAB123456. After collection, the plant material was meticulously 

cleaned and air-dried at room temperature. The dried plant material 

were finely powdered and stored in a cool, dark, dry environment to 

protect them from exposure to light and humidity until further use. 

 

 
Figure 1: Map of M'rirt province of khenifra béni Mellal, 

Moroco36 
 

Preparation of extracts 

To formulate the extract, 30 g of finely powdered aerial parts of 

Herniaria hirsuta was subjected to hot aqueous extraction for 30 

minutes (referred to as EXD). Subsequently, an equivalent amount of 

the same powder was packed into a cotton cellulose cartridge and 

extracted with 500 mL of two distinct solvents via the Soxhlet 

extraction technique. Initially, hexane was employed (referred to as 

FHE), followed by ethanol for the residual plant material (designated as 

FET), yielding two distinct fractions. The resulting three extracts (EXD, 

FHE, and FET) were subsequently filtered through Whatman filter 

paper, followed by solvent evaporation under vacuum conditions using 

a rotary evaporator at a bath temperature ranging between 35 to 40oC, 

alongside reduced pressure and a controlled rotational speed. Finally, 

the extracts were stored at 4oC until required for further analysis. 

 

Preliminary phytochemical screening 

The extracts EXD, FHE, and FET were subjected to preliminary 

phytochemical screening employing established protocols for the 

qualitative assessment of phytochemical constituents within the aerial 

components of Herniaria hirsuta,.1,20,21 

 

Quantitative phytochemical analysis 

Determination of total phenolic content 

The total phenolic content (TPC) of EXD, FHE, and FET extracts was 

evaluated using the Folin-Ciocalteu colorimetric technique, following a 

method previously described with modifications.22 Briefly, a 200 µL 

portion of each extract solution was combined with 1000 µL of Folin-

Ciocalteu reagent (10%) and 800 µL of Sodium Carbonate (Na2CO3) 

solution (7.5%). Subsequently, the mixture was incubated at room 

temperature for 30 minutes in the dark. Following incubation, the 

absorbance of each sample was measured at 765 nm using a UV-VIS 

6300PC spectrophotometer against a blank. Gallic acid was used to 

prepare the standard curve. TPC of the extracts were expressed in 

milligrams of gallic acid equivalents (GAE) per gram of extract. 

 

Determination of total flavonoid content 

The determination of total flavonoid content (TFC) followed the 

procedure outlined by Ordoñez et al. (2006)23 In summary, 0.5 mL of 

each extract was combined with an equal volume of 2% Aluminum 

chloride (AlCl3) solution. The mixture was incubated at room 

temperature for one hour, after which the absorbance was recorded at 

420 nm against a blank. Quercetin was employed for the construction 

of the calibration curve. The TFC were reported as milligrams of 

quercetin equivalents (QE) per gram of extract. 

Determination of total flavonol content 

The total flavonol content (TFlC) of the extracts was determined using 

the method outlined by Yermakov et al. (1987).24 Each extract or 

standard (quercetin) was subjected to a solution containing 2 mL of 

AlCl3 (20 mg/mL) and 6 mL of sodium acetate solution (50 mg/mL). 

Following a 2.5-hour incubation period, absorbance readings were 

taken at 440 nm. A calibration curve of quercetin was prepared, and the 

overall quantity of flavonols present was expressed as milligram 

quercetin equivalent per gram of each respective extract (mg EQ/g 

extract). 

 

Determination of total tannin content 

The determination of total tannin content (TTC) in the extracts followed 

the protocol outlined by Julkunen-Tiitto (1985).25 Specifically, 50 µL 

of each extract was combined with 1.5 mL of 4% vanillin solution in 

methanol and 750 µL of concentrated hydrochloric acid (HCl, 37%). 

After a 20-minute incubation period, the absorbance was measured at 

500 nm using a UV-VIS 6300PC spectrophotometer. Catechin was 

employed for the construction of the calibration curve.The total 

condensed tannin content was expressed as milligrams of catechin 

equivalents (CE) per gram of extract. 

 

 

Assessment of antioxidant activity 

Determination of DPPH free radical scavenging activity 

The capacity of EXD, FHE, and FET extracts derived from Herniaria 

hirsuta to scavenge the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

was assessed following the method outlined by Şahin et al. (2004).26 A 

series of extract concentrations (ranging from 200 to 2000 µg/mL) were 

prepared, and 50 µL of each concentration, along with ascorbic acid 

(used as a positive control at the same concentration range), or methanol 

(serving as a negative control), was added to 2 mL of a methanol 

solution  of DPPH at a concentration of 0.0023%. After 20 minutes of 

incubation in the dark at room temperature, the absorbance of the 

resulting mixture was measured at 517 nm using a spectrophotometer. 

The percentage inhibition of DPPH radical was calculated using 

Equation 1. 

 

%  𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐷𝑃𝑃𝐻 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐵𝑙𝑎𝑛𝑘 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑇𝑒𝑠𝑡

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐵𝑙𝑎𝑛𝑘
×

 100 ---------------   (1) 

 

Determination of ABTS free radical scavenging activity 

The capacity of the extracts to neutralize the ABTS radical was assessed 

following the method established by Pukalskas et al. (2002)27 Initially, 

a solution of ABTS radical cation (ABTS∙+) was prepared through the 

reaction between 7 mM ABTS and 70 mM potassium persulfate in 

methanol, maintained at room temperature in the dark for 16 hours. 

Subsequently, the ABTS∙+ solution was diluted with methanol to 

achieve an absorbance range between 0.700 and 0.734 at 734 nm. 

Thereafter, 100 µL of plant extracts at varying concentrations (ranging 
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from 200 to 2000 µg/mL) were mixed with 2 mL of the diluted ABTS∙+ 

solution in methanol and allowed to react for 1 minute. The absorbance 

was then measured at 734 nm, and the percentage of inhibition was 

calculated using the same method as described earlier for the DPPH test. 

 

Ferric-reducing antioxidant power assay 

The ferric-reducing antioxidant power (FRAP) of the investigated 

extracts was determined following the protocol outlined by Oyaizu 

(1986).28 Various concentrations (500 - 5000 µg/mL) of the extracts 

(200 µL) were combined with 2.5 mL of 0.2 M sodium phosphate buffer 

(pH = 6.6) and 2.5 mL of 1% (w/v) potassium ferricyanide 

(K3Fe(CN)6). The resultant solution was incubated at 50°C for 20 

minutes. Following this, the mixture was acidified using 2.5 mL of 

trichloroacetic acid (10%). Subsequently, 2.5 mL of the solution was 

mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% iron (iii) 

chloride (FeCl3), and the absorbance was measured at 700 nm. Catechin 

was used as the standard (positive control). 

 

Statistical analysis 

The experiments were conducted three times independently, and the 

data were presented as mean ± standard deviation (SD). Statistical 

analysis involved comparison via one-way analysis of variance 

(ANOVA) followed by Tukey's post hoc test, using GraphPad Prism 8 

software. Significant difference was determined at a threshold of p < 

0.05. 

 

Results and Discussion 
 

Phytochemical constituents of the extracts  

The results of the comprehensive analysis of secondary metabolites in 

the aerial parts of Herniaria hirsuta, as depicted in Table 1, reveals a 

nuanced biochemical landscape that hints at both ecological and 

pharmacological significance. The results provided offer a 

comprehensive insight into the phytochemical composition of extracts 

derived from Herniaria hirsuta. Phytochemical screening revealed a 

diverse array of secondary metabolites present in the aerial parts of 

Herniaria hirsuta. The presence of flavonoids, renowned for their 

antioxidant properties, suggests that Herniaria hirsuta may possess 

mechanisms for oxidative stress mitigation, which could be 

advantageous in its natural environment and potentially beneficial to 

human health if harnessed effectively. Moreover, the detection of 

tannins underscores the plant's potential role in defense against 

herbivores and pathogens, as these polyphenolic compounds are known 

for their astringent properties and ability to deter feeding and inhibit 

microbial growth.29 This defensive arsenal could confer an evolutionary 

advantage to Herniaria hirsuta, allowing it to thrive in diverse 

ecosystems. 

 

Table 1: Secondary metabolites contents in the aerial parts of 

Herniaria hirsuta. 
Secondary metabolite Inference 

Flavonoids + 

Tannins + 

Alkaloids + 

Coumarins - 

Terpenoids + 

Sterols - 

Saponins - 

                            +: present; -: absent. 

 

The presence of alkaloids, another class of secondary metabolites, raises 

intriguing questions about the pharmacological potential of Herniaria 

hirsuta. Alkaloids are notorious for their diverse biological activities, 

ranging from toxicity to therapeutic effects,30 and their presence in this 

plant suggests a rich reservoir of bioactive compounds that merit further 

investigation for their potential medicinal applications. Similarly, the 

presence of terpenoids, with their broad spectrum of biological 

activities including antimicrobial and anti-inflammatory properties,31 

hints at the pharmacological promise of Herniaria hirsuta as a potential 

source of novel therapeutic agents or lead compounds for drug 

discovery endeavors. 

Conversely, the absence of coumarins, sterols, and saponins in 

Herniaria hirsuta reveals intriguing aspects of its biochemical profile. 

Coumarins, with their anticoagulant and antimicrobial properties, are 

notably absent, indicating a divergence from other plant species that 

possess these compounds. Similarly, the absence of sterols, important 

constituents of cell membranes and precursors to hormones, suggests 

potential differences in membrane composition and physiological 

processes compared to plants that do contain sterols. Additionally, the 

absence of saponins, known for their foaming properties and potential 

health benefits, may influence the plant's interactions with other 

organisms and its applications in traditional medicine or industry. 

In essence, the detailed analysis of secondary metabolites in Herniaria 

hirsuta provides valuable insights into its biochemical composition and 

potential ecological roles, as well as its pharmacological significance 

and utility in various applications. 

These findings align with previous studies, underscoring the 

consistency of the phytochemical composition across different 

investigations. 

These results were compared to previous studies. For example, the 

study of Uddin et al. (2017)32 revealed the absence of alkaloids, 

coumarins, and terpenoids in the methanol extract of Herniaria hirsuta. 

In another study, flavonols, sterols, and triterpenes were present in the 

aqueous extract of the aerial parts of Herniaria hirsuta.33 In addition, 

the analysis of the methanol extract of Herniaria hirsuta revealed the 

presence of phytochemicals such as tannins, saponins, steroids, 

coumarins and betacyanins.32 

 

Total Phenolic, Flavonoid, Flavonols, and Tannin contents 

Table 2 presents the total phenolic, flavonoid, flavonol, and tannin 

content in different extracts (EXD, FHE, and FET) derived from 

Herniaria hirsuta. These values shed light on the diverse bioactive 

compounds present in these extracts and their relative concentrations. 

Firstly, it is important to note the significant variability in the yield of 

extraction among the different extracts. The EXD extract exhibits the 

highest yield at 30.26 ± 1.89%, followed by FET at 26.66 ± 1.65%, and 

FHE at 14.5 ± 1.27%. This variability in extraction yield may reflect 

differences in the extraction methods used or the solubility of bioactive 

compounds in the respective solvents. 

 

Table 2: Total phenolic, flavonoid, flavonols, and tannin 

content of extracts of Herniaria hirsuta aerial parts 

Parameter EXD FHE FET 

Yield of extraction (%) 
30.26 ± 

1.89 

14.5 ± 

1.27 

26.66 ± 

1.65 

TPC (mg GAE/ g 

extract) 

5.18 ± 

0.54a 

3.24 ± 

0.67b 

4.03 ± 

0.67c 

TFC (mg QE/ g extract) 
7.23 ± 

0.34a 

14.35 ± 

0.98b 

13.23 ± 

1.20b 

TFlC (mg QE/ g extract) 
5.34 ± 

0.13a 

8.35 ± 

0.24b 

7.34 ± 

0.13c 

TTC (mg CE/ g extract) 
0.69 ± 

0.02a 

2.95 ± 

0.46b 

0.28 ± 

0.14c 

Values are mean ± standard deviation (SD). Different lower case letters 

(a to c) in the same row indicate the significant difference (p < 0.05). 

Values were compared by using one way ANOVA followed by multiple 

comparison test. 

EXD: aqueous extract; FET: ethanol extract; FHE: hexane extract; 

TPC: total phenolic content; TFC: total flavonoid content; TFlC: total 

flavonol content; TTC: total tannin content; mg GAE/ g extract: mg 

Gallic Acid Equivalent per gram of extract; mg QE/ g extract: mg 

Quercetin Equivalent per gram of extract; mg CE/ g extract: mg 

Catechin Equivalent per gram of extract 

 

 

For total phenolic content (TPC), the EXD extract had the highest TPC 

at 5.18 ± 0.54 mg GAE/g extract, followed by FET at 4.03 ± 0.67 mg 

GAE/g extract, and FHE at 3.24 ± 0.67 mg GAE/g extract. Phenolic 
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compounds are renowned for their antioxidant properties and potential 

health benefits, making the EXD extract particularly noteworthy in this 

regard. 

Similarly, the total flavonoid content (TFC) analysis reveals intriguing 

trends. The FHE extract demonstrated the highest TFC at 14.35 ± 0.98 

mg QE/g extract, followed closely by FET at 13.23 ± 1.20 mg QE/g 

extract, and EXD at 7.23 ± 0.34 mg QE/g extract. Flavonoids are known 

for their antioxidant, anti-inflammatory, and anticancer properties,34 

making the FHE and FET extract particularly promising candidates for 

further investigation. 

Moreover, the analysis of total flavonol content (TFlC) highlights the 

variability in flavonol concentrations among the extracts. Once again, 

the FHE extract exhibited the highest TFlC at 8.35 ± 0.24 mg QE/g 

extract, followed by FET at 7.34 ± 0.13 mg QE/g extract, and EXD at 

5.34 ± 0.13 mg QE/g extract. Flavonols are known for their potent 

antioxidant properties and potential protective effects against chronic 

diseases,35 further emphasizing the potential health benefits associated 

with the FHE and FET extracts. 

Lastly, the total tannin content (TTC) analysis unveils interesting 

insights into the tannin concentrations among the extracts. The FHE 

extract demonstrated the highest TTC at 2.95 ± 0.46 mg CE/g extract, 

followed by EXD at 0.69 ± 0.02 mg CE/g extract, and FET at 0.28 ± 

0.14 mg CE/g extract. Tannins are known for their astringent properties 

and potential health benefits, suggesting that the FHE extract may 

possess notable physiological effects compared to the other extracts. 

The results presented in Table 2 underscore the significant variability 

in the phytochemical composition and bioactive properties of the EXD, 

FHE, and FET extracts of Herniaria hirsuta. These differences may be 

attributed to the polarity of the solvents used for extraction and 

environmental factors influencing plant chemistry. These results align 

with previous research, highlighting the richness of Herniaria hirsuta 

extracts in bioactive compounds. 

Several studies have shown the richness of the extracts of the aerial 

parts of Herniaria hirsute in phenolic, flavonoid, and tannin 

compounds.33 

Additionally, previous research has reported the presence of saponins, 

flavonoids, and coumarins in Herniaria species, which are important 

bioactive compounds with potential pharmacological implications.19 

Therefore, the results in Table 2 align with the existing literature on the 

phytochemical composition and biological activities of Herniaria 

hirsuta. 

 

Antioxidant activity 

In the present study, the antioxidant activity of the three extracts (EXD, 

FHE, and FET) of Herniaria hirsuta was evaluated using three tests 

commonly used for the antioxidant characterization of plant extracts: 

DPPH, ABTS, and FRAP. The antioxidant capacity of each extract 

tested is presented in Table 3 and Figure 2. 

 

Table 3: Antioxidant activity of extracts of Herniaria hirsuta 

aerial parts 
Assay IC50 (µg/mL) 

EXD FHE FET Quercetin  Ascorbic 

acid 

Catechin 

DPPH 703.33 

± 

0.90a 

853.60 

± 

0.60b 

789.89 

± 

0.30c 

5.49 ± 

0.00d 

- - 

ABTS 29.09 

± 

0.87a 

215.00 

± 

0.40b 

118.60 

± 

0.70c 

- 2.52 ± 

0.00d 

- 

FRAP 814.34 

± 

1.10a 

965.24 

± 

0.40b 

870.24 

± 

1.00c 

- - 19.24 ± 

0.40d 

Different letters in the same row (a to c) indicate the significant 

difference (p < 0.05). Values were compared by using one way ANOVA 

followed by multiple comparison test. 

ABTS: ABTS Radical Scavenging Assay; faWSDPPH: DPPH Free 

Radical-Scavenging Activity; EXD: aqueous extract; FET: ethanol 

extract; FHE: hexane extract; FRAP: Ferric Reducing Antioxidant 

Power assay; 

 
Figure 2:  Antioxidant capacity of EXD, FHE, and FET 

extract of Herniaria hirsuta by DPPH, ABTS, FRAP 
 

 

Table 3 shows the antioxidant capacity of the EXD, FHE, and FET 

extracts of Herniaria hirsuta as evaluated by DPPH (2,2-diphenyl-1-

picrylhydrazyl), ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid)), and FRAP (ferric reducing antioxidant power) assays. 

Additionally, the antioxidant activities of quercetin, ascorbic acid, and 

catechin are provided for comparison purposes. 

Beginning with the DPPH assay, which measures the ability of 

antioxidants to scavenge free radicals, the EXD extract exhibited the 

most potent antioxidant activity with an IC50 value of 703.33 ± 0.98 

µg/mL, followed by FET at 789.89 ± 0.35 µg/mL, and FHE at 853.60 

± 0.66 µg/mL. These results suggest that the EXD extract possesses 

remarkable radical scavenging capabilities, potentially attributed to its 

high phenolic and flavonoid content as observed in previous analyses. 

In the ABTS assay, which measures the ability of antioxidants to 

quench the ABTS radical cation, the EXD extract emerged as the most 

potent antioxidant with an IC50 value of 29.09 ± 0.87 µg/mL, followed 

by FET at 118.60 ± 0.72 µg/mL, and FHE at 215.00 ± 0.45 µg/mL. 

Interestingly, potential differences in the mechanisms of antioxidant 

action among the extracts. 

Lastly, the FRAP assay, which evaluates the ability of antioxidants to 

reduce ferric ions, revealed that the EXD extract exhibited the most 

potent antioxidant activity with an IC50 value of 814.34 ± 1.14 µg/mL, 

followed by FET at 870.24 ± 1.00 µg/mL, and FHE at 965.24 ± 0.45 

µg/mL. These results highlight the remarkable reducing power of the 

EXD extract, which may be attributed to its high phenolic content as 

observed in previous analyses. 

Comparing the antioxidant activities of the extracts with those of the 

standard antioxidants; quercetin, ascorbic acid, and catechin, it was 

evident that while the extracts generally exhibited lower antioxidant 

activity compared to these standards, they still demonstrated notable 

free radical scavenging and reducing abilities, underscoring their 

potential as natural sources of antioxidants. These findings suggest the 

extracts' potential therapeutic applications in combating oxidative 

stress-related diseases. 

In a previous study on the antioxidant capacity of the aqueous and 

hydroethanol extracts of the aerial parts of Herniaria hirsuta, it was 

found that the hydroethanol extract exhibited higher antioxidant activity 

than the aqueous extract.33 

In summary, the results presented in Table 3 underscore the significant 

antioxidant potential of the EXD, FHE, and FET extracts of Herniaria 

hirsuta, as evaluated by DPPH, ABTS, and FRAP assays. Further 

research into the specific antioxidant compounds present in these 

extracts and their mechanisms of action is warranted to fully elucidate 

their potential therapeutic applications in combating oxidative stress-

related diseases and promoting human health. 

Overall, the results presented in this study provide valuable insights into 

the phytochemical composition and antioxidant potential of Herniaria 

hirsuta extracts, paving the way for further research into their 

applications in medicine and industry. 
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Conclusion 

Medicinal plants contain active compounds with therapeutic potential, 

often attributed to their antioxidative properties. This study on the 

phytochemical profile of Herniaria hirsuta extracts revealed the rich 

phytochemical constituents of the plant, with the presence of 

flavonoids, tannins, alkaloids, and terpenoids, alongside variable 

concentrations of phenolic, flavonoid, and tannin compounds 

influenced by extraction methods. Aqueous extracts exhibited high 

phenolic and tannin content, while hexane extracts were richer in 

flavonoids and flavonols, underscoring the role of solvent polarity in 

the extraction of phytochemicals. Antioxidant activity assessments 

using DPPH, ABTS, FRAP assays highlighted differing scavenging 

abilities compared to standard antioxidants. These findings demonstrate 

the pharmacological potential of Herniaria hirsute, advocating for 

further research on compound isolation, mechanisms, and optimized 

extraction methods to fully harness its therapeutic and industrial 

potentials. 
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