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published on the potential use of medicinal 
plants and their compounds in the prevention of 
a wide range of diseases (Mohammadhosseini et 
al., 2021; Tanaka and Kashiwada, 2021; Thagriki and 
Ray, 2022). Natural products, especially the unique 
secondary metabolites from which herbal medicines 
are extracted, including those that have been used 
not only in traditional folk medicine but also in 
modern medical systems, offer potential molecules to 
produce new drugs and develop advanced therapeutic 
strategies (Mohammadhosseini et al., 2022). Eshnan 
(Seidlitzia rosmarinus Bunge ex Boiss), a salt-tolerant 
and drought-resistant shrub, can often be found in salty 
desert areas. The perennial shrub, Eshnan, belonging 
to the genus Seidlitzia and family Chenopodiaceae 
has white branches and can attain heights up to 1.5 m 
(Farahnejad et al., 2017). Clinical research has shown that 
hydro-alcoholic extracts of the plant exhibit therapeutic 

1. Introduction

Herbal remedies have been widely used in the 
healthcare system for centuries. The global 
market value of medicinal plant products is 

estimated to be more than $100 billion annually. 
Today, the use of medicinal plants in the fight 
against diseases, public health compliance, and 
special emphasis on current strategic approaches 
to disease prevention are taken into consideration. 
Medicinal plants play a vital role in preventing 
disease and their use in all prevention strategies is 
of paramount interest and importance. However, 
there is a need for conscious efforts to identify, 
recognize, and position medicinal plants in the 
design and implementation of these strategies. 
Recently, a large number of reports have been 
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Eshnan (Seidlitzia rosmarinus Bunge ex Boiss), a salt-tolerant and drought-resistant plant, is 
often found in salty desert areas. In the present report, Eshnan was subjected to extraction 
using methanol, ethanol, and water utilizing a Soxhlet extractor. A total of 51 compounds 
were identified in the plant inclusive of secondary metabolites such as phenols, polyphenols, 
phytosterol, amino acid, fatty acid, etc. utilizing GC/MS analysis. The methanolic extract had 
the highest phenolic content, whereas ethanolic extract had the highest antioxidant activity. 
Aqueous extract contained the highest levels of saponin, as well. CTAB represented a higher 
foaming capacity as compared to the plant extracts. HPLC analysis of the plant extract confirmed 
the presence of the saponin ginsenoside Rb1 for the first time. The results showed a rich source 
of saponins, polyphenols, and fatty acids in Eshnan. Due to the significant quantity of saponins 
within the plant, it can be used as an alternative natural surfactant to chemical surfactants that 
are currently utilized in industry.
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(Eshnan) is widely distributed in Iran in areas facing 
environmental and dust pollution and its phytochemical 
investigation may lead to the discovery of valuable 
components with industrial applications. 
Despite the importance and medicinal properties of S. 
rosmarinus Bunge ex Boiss, to the best of our knowledge, 
a relevant comprehensive phytochemical study has not 
been conducted so far. Regardless of its many traditional 
usages as pharmaceuticals and for detergency, the 
main secondary metabolites of the plant have not been 
thoroughly investigated. The current study evaluated 
the phytochemicals of S. rosmarinus Bunge ex Boiss, 
specifically phenolic and saponins, using different 
extraction solvents. This research provides information 
on the potential application of extracts of the plant (S. 
rosmarinus Bunge ex Boiss) for potential use as a natural 
detergent. Due to its widespread distribution, the plant 
may be considered for commercial applications.

2. Experimental 

2.1. Collection and identification of plant sample

The aerial parts of Eshnan plant were collected in 2018 
from 20th km Ahvaz-Khorramshahr road and identified 
by the Department of Botany, Faculty of Science, 
Shahid Chamran University of Ahvaz. The sample was 
washed with distilled water, dried at shade and room 
temperature, and milled.

2.2. Extract preparation

Extraction of the milled Eshnan was facilitated by the 
use of a Soxhlet extractor using ethanol, methanol, and 
water. Accordingly, the powdered sample (10 g) was 
transferred into a thimble and placed in the Soxhlet 
extractor. Solvent (120 mL) was then added and the 
extraction was allowed to proceed for 7 h. The solvent 
was removed in vacuo, and the resulting extract was 
dried at 60 °C to complete dryness. The extract was 
stored in airtight containers and refrigerated until 
required (Redfern et al., 2014).
The extraction yield was determined utilizing Eqn. 1:
EY = DE/DS × 100     (Eqn. 1)
Where EY (% by dry weight), DE (g), and DS (g) 
respectively account for the extraction yield, the weight 
of dry extract, and the dry weight of the sample before 
extraction.

2.3. Determination of phenolic content

Total phenolic content was determined by the Folin-
Ciocalteu reagent method with some modifications 
(Hossain, 2013). Briefly, solutions were prepared from 
the different extracts (ethanol, methanol, and water) to 
a final concentration of 1000 µg/mL. To the different 
extracts (200 μL), Folin-Ciocalteau reagent (10%, 1.5 
mL) was added. After 5 min, sodium carbonate (5%, 1.5 
mL) was added and the mixture was incubated for 45 
min on a shaker. The absorbance was measured using 
a UV/Vis. spectrophotometer at 760 nm. A calibration 
curve was plotted using gallic acid as a standard and 

activity on the mouse model of cutaneous leishmaniasis 
(Ahmadi et al., 2014). Eshnan also plays an important 
role in the preservation of soil in desert arid regions. 
The salinity of arable lands is globally challenging and 
affects a total of 955 million hectares of the world (7.0%) 
and surfaces. Iran is affected by mild and moderate 
salinity which equates to approximately 25.5 million 
hectares, whereas those severely affected are estimated 
at 8.5 million hectares. Utilizing salt-tolerant plants 
will give further insight into the mechanisms whereby 
these plants have the ability to tolerate high salt 
concentrations. Root tissues of S. rosmarinus Bunge ex 
Boiss have the capability of absorbing large quantities 
of alkali metals such as Na+ and K+ from the soil which 
are subsequently transferred to the shoots. The main 
mechanism of salt resistance in this plant is tolerance. It 
has been documented that large quantities of sodium 
accumulate in cell vacuoles (Mirheidari and Khadivi, 
2022). The ash of the plant has been found to contain 
large quantities of sodium and potassium carbonate. 
Previously, the Eshnan plant was widely utilized for 
the washing of textiles. Currently, it is underutilized in 
countries such as Iran where the plant has origins or is 
endemic (Hadi, 2009). Phytochemicals are produced by 
various parts of the plants. These bioactive constituents 
include steroids, terpenoids, carotenoids, flavonoids, 
alkaloids, tannins, and glycosides. Most of these natural 
products are secondary metabolites with approximately 
12,000 such products being isolated thus far. These 
metabolites serve as plant defence mechanisms against 
predation by microorganisms, insects, and herbivores. 
During the past two decades, the pharmaceutical 
industry has heavily invested in pharmacological and 
chemical research around the globe in efforts to discover 
more potent drugs, and not just a few novel drugs (Roy 
et al., 2022). Phytochemicals synthesized by plants as 
secondary metabolites exert various physiological 
effects on mammals including humans and are therefore 
referred to as the active principles and constituents of 
the plant material (Lalrinzuali et al., 2015). Saponins are 
basically secondary metabolites with a wide distribution 
range within the plant kingdom serving as a chemical 
barrier or shield in plant defense mechanisms to 
counterattack pathogens and herbivores. Saponins 
consist of an aglycone with carbohydrate moieties. The 
aglycone can be a triterpene or a steroid and can have 
a number of different substituents (-H, -COOH, -CH3). 
The number and type of carbohydrate moieties result 
in a considerable structural diversity of the saponins. 
The biological activities of saponins are not limited to 
traditional use. Saponins have been found to exhibit 
various pharmaceutical properties, e.g., hemolytic, 
molluscicidal, anti-inflammatory, antifungal or anti-
yeast, antibacterial or antimicrobial, antiparasitic, 
antitumor, and antiviral activities. In the pharmaceutical 
industry, it may also be employed as the starting point 
for the semi-synthesis of steroidal drugs. Saponins are 
also known to possess chelating properties forming 
mineral complexes of iron, zinc, and calcium (Cheok 
et al., 2014). Scientists are actively seeking ways to 
combat environmental pollution and damage caused 
by industrial detergents. Extracts from the plant may 
be used in green chemistry as a surfactant. The plant 
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the total phenolic content was expressed as µg/mL.

2.4. Determination of flavonoid content

Total flavonoid content was determined utilizing the 
aluminum chloride colorimetric assay (Zhishen et al., 
1999). In this relation, to the extracts (1000 µg/mL, 1 
mL), deionized water (4 mL), and sodium nitrite solution 
(5%, 0.3 mL) was added. After 5 min, aluminum chloride 
(10%, 0.3 mL) was added followed by the addition of 
NaOH (1 M, 2 mL). Deionized water was added to a final 
volume of 10 mL. The solutions were shaken vigorously, 
and the absorbance was measured utilizing a UV/Vis. 
spectrophotometer at 510 nm. A calibration curve was 
plotted using quercetin as standard. Total flavonoid 
content was calculated as µg/mL.

2.5. Determination of flavonol content

The flavonol content of the extracts was determined 
utilizing the aluminum chloride colorimetric assay 
(Kumaran and Karunakaran, 2007). Accordingly, extract 
solutions with a concentration of 1000 µg/mL were 
prepared. To the various extracts (2 mL), aluminum 
chloride solution in ethanol (2%, 2 mL), and an aqueous 
solution of sodium acetate (50 g/L, 3 mL) were added. 
The solutions were shaken vigorously, and incubated 
for 150 min and the absorbance was measured at 440 
nm utilizing a UV/Vis. spectrophotometer. A calibration 
curve was plotted using quercetin as standard. Total 
flavonoid content was calculated as mg/mL.

2.6. DPPH radical scavenging activity

The free radical inhibitory activity of the extracts 
was determined using the method of Norhaiza et al. 
(2009) with some modifications. In this sense, different 
concentrations of the extracts were prepared (500, 1500, 
1000, and 2000 μg/mL). 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) solution (0.1 mM) in methanol was prepared 
and 1 mL of this solution was added to the extracts (1 
mL). The mixture was incubated in the dark on a shaker 
for 30 min at room temperature. Control samples were 
also prepared with the extract being replaced with 
solvent. The absorbance was measured at 517 nm using 
a spectrophotometer. The free radical inhibitory activity 
of DPPH was calculated using Eqn. 2. 
DPPH• scavenging effect (% of inhibition) = (A0-A1) × 

100/A0                                                                                                                 (Eqn. 2)
Where the terms A0 and A1 respectively account for 
absorbance of the control and absorbance of sample 
extracts. The inhibitory activity (IC50) is the concentration 
of sample that can inhibit 50% of free radicals and was 
expressed as μg/mL.

2.7. Determination of saponin content

The saponin content of the extracts was determined 
based on the vanillin-sulfuric acid colorimetric method 
with some modifications (Jeong and Park, 2006). 
Accordingly, vanillin solution (8%, 0.5 mL) and sulfuric 
acid (77%, 5 mL) were added to each sample and the 
mixture vortexed. The reaction mixture was incubated in 

a hot water bath (60 °C, 20 min) followed by placing in 
an ice bath (10 min). The absorbance of the mixture was 
finally measured at 550 nm using a spectrophotometer. 
A calibration curve was plotted using ginsenoside Rb1 
as standard. Total saponin content was finally calculated 
as µg/mL (Jeong and Park 2006).

2.8. Foaming capacity

To measure foam strength, different concentrations of 
the extracts (1000, 2000, 3000, and 4000 μg/mL) along 
with CTAB surfactants were prepared with distilled water 
and poured into a test tube (5 mL) and each test tube 
was subsequently vortexed for 5 s. The height of the 
foam was measured after 1 min and the mean height 
of the foam was plotted as a function of concentration 
(İbanoğlu and İbanoğlu, 2000).

2.9. Determination of crude saponin content

Saponins were extracted based on the Kwon method 
with some modifications (Kwon et al., 2003). Powdered 
samples of the Eshnan plant (5.0 g) were extracted with 
methanol (80%) utilizing a Soxhlet extractor (6 h). The 
solvent was evaporated and the resulting sample was 
dried in an oven (100 °C) and cooled and the weight 
of the extract was recorded. The extract was dissolved 
in distilled water (50 mL) and extracted with diethyl 
ether (50 mL) to remove fat. Separation was facilitated 
by the use of a separator funnel. The aqueous layer 
was further extracted with n-butanol (50 mL) saturated 
with water. The butanol solution was washed with 
distilled water (30 mL) to remove impurities. After the 
complete separation of the two phases (approx. 8 h), 
the remaining butanol solution was concentrated with a 
rotary evaporator. The resulting product was the crude 
saponin extract for which the percentage of saponin 
was calculated gravimetrically.

2.10. Analysis of compounds in saponin by HPLC

2.10.1. Sample preparation for HPLC analysis 

Powdered samples of the plant (5.0 g) were extracted 
with water (120 mL, 7 h) using the maceration method. 
The resulting extract was filtered, and the sample was 
concentrated in vacuo utilizing a rotary evaporator.

2.10.2. HPLC analysis

The standard ginsenoside Rb1 (1000 μg/mL) and 
aqueous extracts of Eshnan were prepared in methanol 
solution (30%) and injected into the HPLC system. 
Chromatographic analysis was performed using a 
C18 column at 40 °C. Run conditions were as follows: 
injection volume: 10 µL; mobile phase: A: water, B: ACN, 
gradient: 0 min, 19% B; 35 min, 19% B; 55 min, 29% B; 
70 min, 29% B; 100 min, 40% B; flow rate: 1 mL/min; and 
detection wavelength: 259 nm.

2.11. Analysis of compounds in saponin by GC-MS 

Components in the methanolic extracts of Eshnan were 
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detected using the Perkin-Elmer Clarus 680 system 
(Perkin-Elmer, Inc. U.S.A) equipped with a fused silica 
column, packed with an Elite-5MS capillary column (30 
m in length × 250 μm in diameter × 0.25 μm in thickness). 
Pure helium gas (99.99%) was used as the carrier gas at 
a constant flow rate of 1 mL/min. For GC-MS spectral 
detection, an electron ionization energy method was 
adopted with high ionization energy of 70 eV with a 
scan time of 0.2 s and fragments ranging from 40 to 600 
m/z. The injection quantity of 1 μL was used (split ratio 
10:1), and the injector temperature was maintained at 
280 °C (constant). The spectral data were recorded (Fig. 
1). Compounds were identified based on retention time 
or mass spectra, and NIST, PubChem libraries were used 
to identify compounds.

Fig. 1. GC-MS chromatogram of methanolic extract of 
Eshnan.

2.12. Calf thymus DNA (CT-DNA) cleavage

A gel electrophoresis mobility shift assay was performed 
on the different extracts (ethanol, methanol). A stock of 
the different extracts was prepared in tris buffer (10 mM) 
and NaCl (10 mM) at pH 7.2. A stock solution of the free 
extract was prepared by dissolving the components in 
a solution of dimethyl sulfoxide/Dulbecco’s modified 
eagle’s medium (DMSO/DMEM) and then suitably 
diluting with the corresponding buffer to the required 
concentration. The final DMSO concentration did not 
exceed 1.0 v/v%. The DNA sample (5.0 L) was prepared 
by incubating DNA with the extracts in a buffer solution 
(10 mM, pH 7.0) for 4 hours at an incubator temperature 
of 37 °C. After mixing with a loading buffer containing 
0.25% bromophenol blue, 0.25% xylene cyanol, and 30% 
glycerol, the solution was loaded on a 1.0% agarose gel 

electrophoresis at a constant voltage (80 V) until the 
bromophenol blue reached 3/4 of the gel length. The 
bands were visualized with UV light and photographed.

2.13. Anatomic study 

Paraffin sections were prepared to study the anatomic 
structure of the plant stalk of Eshnan. Plant stalks were 
placed in formalin acetic acid (FAA) solution for fixation 
(overnight, 4 °C). The histochemical tests conducted 
were as follows: Carmine and methylene blue for the 
determination of pectocellulose and lignified cell walls 
lugol’s iodine for cellulose determination. The sections 
were studied and images were examined utilizing an 
Olympus light microscope (Olympus Inc., Tokyo, Japan) 
(Bryan, 1955).

2.14. Statistical analysis

Data analyses were performed using the SPSS 20.0 
software package (SPSS Inc., Chicago,IL, USA). All 
experimental data were presented as the mean ± SD. 
One-way ANOVA was used to test differences between 
various means followed by the post hoc Tukey test. The 
level of significance was set at p < 0.05 for all tests.

3. Results and Discussion

3.1. Yield of extracts

This study was conducted in order to investigate the 
phytochemical properties, especially the antioxidant 
property as well as to identify, extract and determine 
the amount of saponins due to their use as a detergent 
from Eshnan plant. Providing basic information for the 
purpose of designing and producing natural detergents, 
due to the wide distribution of this plant, it can be used 
in an industrial scale as well as for the promotion of 
the relevant knowledge-based companies. The yield 
of crude extracts of the Eshnan plant utilizing different 
solvents viz. water, ethanol, and methanol is illustrated 
in Fig. 2. As can be seen in this figure, water extracts 
gave the highest yield (32.80% ± 1.67). However, the 
yields from the methanolic and ethanolic extracts were 
not significantly different. The results show that the 
more polar solvent had the highest extraction efficiency 
suggesting that most of the compounds within the 
plant are most likely polar or attached to sugars or other 
polar groups. Extraction is the main step to recover and 
isolate chemical and phytochemical compounds from 
the plant. Extraction efficiency depends on the type of 
solvent, extraction method, sample particle size, pH, 
temperature, extraction time and sample composition. 
According to the obtained results, the type of solvent is 
an effective factor on the extraction efficiency. It should 
be noted that the higher yield of extraction alone 
cannot mean the presence of phenolic compounds with 
antioxidant properties. This shows that probably most 
of the compounds in this plant are very polar or that 
they are attached to sugar or other polar groups.
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Fig. 2. Extraction yield of Eshnan plant extracted by three various solvents. Means and standard deviations 
were of triplicate. Different letters (a, b, c) within the columns denotes a significant difference between 
different (p < 0.05).

3.2. Total phenol, flavonoid and flavonol contents and 
antioxidant activity

The total phenolic content of Eshnan plant extracts was 
determined utilizing the Folin-Ciocalteu assay (Fig. 3A). 
Of the three extracts, the methanol extract contained 
the highest levels of phenolics (52.38 ± 2.67 µg/mL), 
and aqueous extracts (23.55 ± 0.98 µg/mL) involved 
the lowest quantities. The total flavonoid and flavonol 
content of the various extracts was also determined 
(Fig. 3B, 3C) in which the methanolic extracts contained 
the highest levels of flavonoids (238.67 ± 2.42 µg/mL), 
and aqueous extracts had the lowest levels (50.99 ± 3.88 
µg/mL). Methanolic and ethanolic extracts contained 
the highest levels of flavonol compounds, and aqueous 
extracts were found to contain the lowest quantities 
(37.02 ± 0.36 µg/mL). The free radical scavenging 
activity (FRSA) of Eshnan plant extracts was determined 
based on the DPPH assay (Fig. 3D). Of the three extracts, 
ethanolic extracts exhibited the lowest IC50 value (599.75 

± 49.62 µg/mL), whereas aqueous extracts were found 
to have the highest IC50 (1751.49 ± 64.29 µg/mL).
A comparison of Eshnan extracts in terms of phenolic, 
flavonols, and flavonoid content showed higher levels of 
phenolic and polyphenolic compounds in ethanolic and 
methanolic extracts as compared to the water extracts. 
Phenolic compounds are one of the best sources of 
natural antioxidants which often have a polar structure, 
but in some instances, due to the binding of non-

polar groups to the molecule, their polarity is slightly 
reduced. To separate them from within plant tissue, the 
use of solvents with different polarities is very effective 
(Goli et al., 2012). The results of the study showed that 
the highest quantities of phenolic compounds were 
obtained from the methanolic extract (Fig. 3A). Higher 
levels of phenolic compounds in the ethanolic and 
methanolic extracts as compared to water extracts are 
due to the lower polarities of methanol and ethanol 
having vs water. These solvents have a greater ability 
to release phenolic compounds by acting on the cell 
wall and disrupting the relevant tissue structure (Tiwari 
et al., 2011). Also, the results of the study showed that 
the amount of flavonoids in different extracts, including 
ethanolic and methanolic extracts, were significantly 
different, and the ethanolic extract had the highest 
level of flavonol compounds. Solvent polarity has been 
used to extract flavonoid and flavonol compounds. The 
lower the solubility of the solvent, the more suitable 
it is for the extraction of flavonoids and flavonols. 
Antimicrobial properties of the plant showed that the 
high flavonoid and flavonol content of the alcoholic 
extract as compared to aqueous extracts is related to 
the greater penetration of the alcoholic solvent into the 
cell wall extracting intracellular material within the plant 
(Bashiri Rezaei et al., 2017). Almost all of the compounds 
exhibiting antimicrobial properties were aromatic 
compounds extracted with ethanol or methanol. In 
the case of two solvents, methanol is more polar than 
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Fig. 3. Total phenolic, flavonoids, flavonols content, and antioxidant activity content of Eshnan plant extracted by three 
various solvents. Means and standard deviations were triplicate. Different letters (a, b, c) within the columns denote a 
significant difference between different (p < 0.05).

ethanol, but due to its cellular toxicity, it is not suitable 
for extraction in certain types of studies and in most 
studies, ethanol is the solvent of choice (Wang et al., 
2010). Phytochemical examination of S. rosmarinus 
Bunge ex Boiss brought about the separation of two 
cinnamic corrosive subsidiaries and a benzaldehyde 
subsidiary as the most phenolic compounds of airborne 
parts of the plant. Utilizing comprehensive spectroscopic 
strategies, 1D and 2D NMR and MS, the chemical 
structure of the separated compounds was decided 
as N-cis-feruloyltyramine, N-cis-caffeoyltyramine, and 
p-hydroxyacetophenone (piceol), separately (Zolfaghari 
et al., 2017). Determination of the IC50 of the various 
extracts from the Eshnan plant using the DPPH assay 
revealed that the type of solvent used for the extraction 
had a significant effect on the antioxidant activity of the 
various extracts. The ethanolic extract had the highest 
antioxidant activity and was significantly different 
from that of the water extract which had the lowest 
levels of antioxidant activity. DPPH assay is one of the 
simplest, most cost-effective, and most accurate ways 
to evaluate the antioxidant activity of plants extracts. 
Ethanolic extracts of Eshnan plants had higher phenolic 
and flavonoid contents than aqueous extracts. The 
determined free radical scavenging activity utilizing 
the DPPH and ferric reducing ability of plasma (FRAP) 
assays. Ethanolic extracts had a higher percentage of 
free radical scavenging activity as compared to the 

aqueous extracts. The results of their study complement 
the results from the current study (Azizian et al., 2014). It 
has been shown that Eshnan prevents the accumulation 
of proteins and diseases such as Parkinson’s and 
Alzheimer’s, due to its high antioxidant power.

3.3. GC-MS analysis

GC-MS analysis of the methanolic extract of Seidlitzia 
rosmarinus Bunge ex Boiss showed 51 peaks indicating 
the presence of chemical and phytochemical constituents 
in the plant. Some of the major phytochemicals present 
in the Seidlitzia rosmarinus Bunge ex Boiss plant 
have been listed in Table 1. Analysis of the spectral 
data showed that the compound having the highest 
percentage composition was N,N-dimethyl glycine, 
which is derived from the amino acid glycine. Glycine 
is one of the 20 amino acids that is involved in the 
synthesis of proteins in the body of living organisms. 
The results also revealed that the major constituents 
of the plant were phenolic compounds and fatty acids. 
Other secondary metabolites identified included vitamin 
E, phytosterol, alkaloids, and glucose. The absence of 
saponins in the GC/MS spectral data can be attributed 
to the high polarity of these compounds or their high 
molecular weights. The compounds introduced by GC-
MS could be the real compounds of the plant or they
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Sr. Num. RT Name of the compound Molecular 
formula

Peak 
area (%) Nature of compound

1 4.334 N,N-Dimethyl glycine C4H9NO2 26.05 Amino acid
2 7.773 2-Methoxy-4-vinylphenol C9H10O2 5.32 Phenol
3 8.551 2-[p-Chlorobenzyl] piperidine C12H16ClN 0.41 Alkaloid
4 8.866 Vanillin C8H8O3 0.77 Phenolic glycosides
5 9.947 1-(4-Hydroxy-3-methoxyphenyl)ethanone C9H10O3 0.16 Phenol
6 10.216 3,4-Altrosan C6H10O5 1.63 Monosaccharide
7 10.542 Homo vanillyn alcohol C9H12O3 0.85 Phenol

8 14.319 3,7-Dihydro-3,7-dimethyl-1H-purine-2,6-
dione C7H8N4O2 0.71 Alkaloid

9 15.051 n-Hexadecanoic acid C16H32O2 5.6 Fatty acid
10 16.716 (9Z)-9,17-Octadecadienal C18H32O 4.74 Fatty acid

11 20.15 1,2-Benzenedicarboxylic acid, diisooctyl 
ester C24H38O4 7.79 Fatty acid esters

12 24.275 Stigmastan-3,5-diene C29H48 0.7 Phytosterol
13 24.47 Vitamin E C29H50O2 1.68 Vitamin
14 26.438 β-Sitosterol C29H50O 7.63 Phytosterol

Table 1 
Identified compound in the methanolic extract of Seidlitzia rosmarinus by GC/MS.

are the result of the destruction of other compounds 
due to the high temperature of the experiment 
or the plant contamination, which are introduced 
as the compounds of the extract. The presence of 
2-[p-chlorobenzyl] piperidine and the anhydrosugar 
3,4-altrosan compounds in Eshnan extract can be due 
to the destruction of other compounds under high 
temperatures during GC-MS. However, according 
to previous studies, it seems that the presence of 
1,2-benzenedicarboxylic acid, diisooctyl ester in the 
GC report of Eshnan extract could be regarded as 
the contamination of the plant with phthalates, and 
it seems unlikely that these compounds are the real 
phytochemicals of the plant (Bianco, et al., 2014; Venditti, 
2020). A phytochemical study of the aerial parts of the 
Eshnan plant led to the isolation and identification of 
alkaloid compounds such as metformin. Interpretation 
of the 13C NMR spectrum revealed the presence of a 
new natural compound N-(4-hydroxyphenyl ethyl)-
α-chlorofluorolamide as a mixture of E and Z isomers 
and several other secondary metabolites (Hassan et al., 
2017). Quantitative and qualitative analyses of Eshnan 
extracts revealed that this salt-resistant plant is suitable 
for the production and extraction of plant oils. Oil 
extracts from the Eshnan plant were obtained with a 
yield of 5.37% and were analyzed by HPLC (Mahdavi 
et al., 2018). The plant contained 16 fatty acids, which 
is consistent with the results of this study. Saturated 
(butyric acid, palmitic acid) and unsaturated (linoleic 
acid, oleic acid) fatty acids in the plant were identified. 
Due to the level of unsaturated fatty acids in the plant, 
the oil can be used to improve the fatty acid profile of 
many oil products and can play an important role in 

improving the nutrition of poor communities.

3.4. Extraction, foaming properties, and total saponin 
content 

The total saponin content of the various extracts was 
determined (Fig. 4). Of the three extracts, the aqueous 
extracts contained the highest (760.62 ± 10.03 µg/
mL) levels of saponins, while the methanolic extracts 
(440.65 ± 3.42 µg/mL) contained the lowest contents 
of saponins. Furthermore, the aqueous extracts 
exhibited the highest levels of foaming and methanolic 
extracts had the lowest amounts (Fig. 5A, Fig. 5B). The 
percentage yield of saponin from dried Eshnan powder 
was found to be 13.11 ± 0.04 %. 
The choice of solvent significantly affected the rate 
of adsorption of bioactive compounds. The aqueous 
extract was the most effective medium for obtaining 
the high levels of saponins from the Eshnan plant. In 
addition, the methanol extracts contained the lowest 
quantity of saponins that were significantly different.  
In addition to potential use for washing, the foaming 
power breaks down the bond between stains and 
fibers and removes the contamination from the 
surface. After cleaning with surface-active substances, 
the foam suspension prevents covering the surface of 
the fibers again. Foaming power though not directly 
related to the washing power of the detergent, plays 
a role in the performance of detergents which is 
noteworthy (İbanoğlu and İbanoğlu, 2000). The use of 
chemical surfactants in various industries can lead to 
environmental pollution and create serious problems 
with regard to the treatment of plant effluent. Increased 
environmental hazards and risks associated with 
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Fig. 4. Total saponin content of Eshnan plant extracted by three various solvents. 
Means and standard deviations were triplicate. Different letters (a, b, c) within the 
columns denote a significant difference between different (p < 0.05).

chemical surfactants are considered logical reasons to 
convince researchers to replace these surfactants with 
plant-based surfactants (Crawford and Zirwas, 2014). 
A comparison of plant extracts with chemical based 
surfactants revealed that chemical surfactants had 
significantly more foaming properties as compared to 
plant extracts. Plant surfactants are environmentally 
friendly compounds produced by some plants. The use 
of plant surfactants reduces the emission of greenhouse 
gases and also due to their low toxicity, biodegradation, 
and relative stability in a wide range of physicochemical 
environments, they are called “green surfactants”. 

Fig. 5. Foaming height of Eshnan plant extracted by three various solvents and CTAB chemical surfactant.

Although they have fewer foaming properties than 
chemical surfactants, they can be a good alternative 
due to the aforementioned advantages (Deymeh 
et al., 2012). A natural cationic surfactant extracted 
from the plant Seidlitzia rosmarinus  Bunge ex Boiss, 
which can be used as a suitable alternative to artificial 
surfactants for the recovery of chemical oils (Deymeh 
et al., 2012). In this study, the effects of herbal and 
synthetic surfactants on oil-water interfacial tension 
in working order for chemically enhanced oil recovery 
were compared. The results showed that surfactants 
derived from S. rosmarinus Bunge ex Boiss reduced 
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interfacial tension more than surfactant solutions of 
amphosol CG, formation, enordet, stepantan, CS 1045, 
CS 1040, stepantan and formatron, and Zyziphus spina 
Christi. The leaves of S. rosmarinus Bunge ex Boiss 
accumulate a large number of saponins which can be 
used in several industries for the making of soaps and 
detergents, pottery, ceramics, sugar factories (sugar 
crystallization), copper bleaching, etc. 
The cytotoxic effect of various Eshnan extracts on two 
types of liver and uterine cancer cells has been also 
investigated. Taking into account the obtained results, 
the methanol and chloroform extract significantly 
reduced the survival of cancer cells. The most cytotoxic 
effect was related to the methanolic and chloroform 
extracts in both of the cancer cell lines. Various studies 
have shown that the Chenopodiaceae family exhibits 
anti-cancer properties (Zolfaghari et al., 2018). Two 
saponins (novel 30-nortriterpenoid glycosides) with 
anti-cancer properties have been reported from this 
family. The study introduces the anti-cancer properties 
of the Eshnan plant in relation to saponin compounds. 
Identification of piceol from the aerial parts of S. 
rosmarinus Bunge ex Boiss could be used to explain 
some of the biological and medicinal activities reported 
for the plant and make it a candidate for evaluating 
various pharmacological effects (Zolfaghari et al., 2017).
The utilization of S. rosmarinus Bunge ex Boiss leaf 

extract (SRLSE), a novel bio-based surfactant, to inhibit 
shale hydration has been assessed for the first time 
through extensive experimentation (Aghdam et al., 
2019). Detergents have found widespread application 
around the world due to their many beneficial properties. 
They however contribute to environmental pollution. 
Their detergency and cleansing properties are a result 
of surface activity. Unfortunately, detergents are unable 
to degrade easily in the environment. Most commercial 
surfactants used in detergents are from oil derivatives 
which with long-term use can result in significant 
damage to the environment. However, surfactants of 
natural origin have a negligible detrimental effect on 
the environment due to their purity, safety, color, and 
odor. Due to environmental pollution and the problems 
resulting from the use of industrial detergents, natural 
alternatives are being sought.

3.5. HPLC analysis

HPLC analysis was used to obtain more accurate results 
and identify saponins in the plant. The presence of 
saponin ginsenoside Rb1 within extracts of the plants 
was confirmed by HPLC (Fig. 6A, Fig. 6B). HPLC analysis 
revealed a sharp peak with a retention time of 2.7 min 
which correlates with the presence of ginsenoside Rb1 
in the extract.

Fig. 6. (A) Chromatogram of the standard of saponin and (B) extracted saponins of Eshnan plant. The presence of saponin 
ginsenoside Rb1 within extracts of the plants was confirmed by HPLC.

The concentration of saponin in the extract was 8837 
µg/mL. A comparison of herbal extracts with chemical 
surfactants (Fig. 5B) showed that chemical surfactants 
had the highest level of foaming compared to herbal 
extracts. Ginsenoside Rb1 was detected for the first 
time in the plant utilizing the HPLC method as one 
of the principal bioactive compounds that can be 
of great value in the medicinal use of this plant. This 
compound exhibits a wide range of biological functions 
such as antioxidative, anti-inflammatory, and various 
neuroprotective effects in the treatment of eye diseases 
such as diabetic keratopathy that have been reported 
for Rb1. HPLC tandem mass spectrometry separates 
different types of ginsenosides from various ginseng 
species. 8 Ginsenosides (Rb1, Rb2, Rc, Rd, Re, Rf, and 
Rg1) were determined by reversed-phase HPLC-MS/MS 

employing a quadrupole-ion trap mass spectrometer 
in Panax ginseng (Korean or Chinese ginseng) and P. 
quinquefolius (American ginseng), ginsenoside Rb1 
with a retention time of 30.4 s also recognized (Ji et 
al., 2001). They utilized HPLC-UV method to separate 
ginsenoside from Panax quinquefolius L (commercial 
ginseng species). The ginseng plant contains about 
thirty saponins, which are the most abundant 
ginsenoside of the R family in the root of the plant, 
including Rb1, Rb2, Rc, Rd, Re, and Rg1. Rb1 acts as 
a phytoestrogen in cancer by activating the pectoral 
receptor clips of the breast (Corbit et al., 2005). 
Microwave methods were used to separate ginsenoside 
from commercial ginseng species (Kwon et al., 2003). 
Nine ginsenosides were identified, including Rb1, in four 
types of commercial ginseng utilizing RP-HPLC (Gao et 
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al., 2012). In recent years, ginsenoside analyses have 
primarily been conducted utilizing HPLC for saponin 
characterization. HPLC analysis was used to extract the 
non-saponins from ginseng (Wan et al., 2006). Another 
study investigated three ginseng plants and noted 
pharmacological differences, despite their morphologic 
similarities, which were related to the differences in 
their chemical composition and the type of ginsenoside 
present. In the study, 12 different saponins, including 
Rb1, were identified using HPLC-ELSD (Wan et al., 2007).

3.6. DNA-Binding

Investigation of the interaction of ethanolic and 
methanolic extracts of the plant with DNA showed that 
both extracts affected the structure and quality of DNA. 
A more accurate evaluation of the results revealed that 
the methanolic extract had a higher potential for DNA 
fragmentation and interaction. The ethanolic extract 
also partially destroyed the DNA in proximity to the 
well. The difference in the interaction of the extracts 
with DNA is dependent on the composition of the 
ethanolic and methanolic extracts (Fig. 7).

Fig. 7. DNA-binding test to show the pattern of DNA 
fragmentation using Eshnan extracts (A. Molecular markers; 
B. Pure DNA; C. Methanol extract; D. Ethanol extract.)

3.7. Anatomic study

A transverse incision of the Eshnan plant stalk, 
external to the epidermal tissue, revealed the cortex 
and vascular cylinder. Within the vascular cylinder, 
the xylem accounted for most of the structure and 
had a large spread. The central part of the stem was 
filled with parenchymal tissue with drainage tissue 
observed around the purple xylem. Fig. 8A shows the 
color ranging from yellow to brown depending on the 
cellulose content of the tissue. In Fig. 8B, the cellulose 
tissue is purple and the xylem tissue is green.
Today, the demand for natural products instead of 
synthetic ones is growing rapidly for food, cosmetics, 

and pharmaceutical disciplines. In recent years, 
natural herbal products have been used in medicine, 
cosmetics, nutrition, and flavorings with limited or no 
side effects. Some secondary metabolites in plants 
are good alternatives to synthetic chemicals utilized 
in the industry (Wong-Paz et al., 2015). The results of 
the current study showed that the Eshnan plant has 
potential applications in the health and pharmaceutical 
industries due to the presence of various secondary 
metabolites such as saponins and phenolic compounds. 
In addition to the medicinal and health properties 
exhibited by the Eshnan plant, it also possesses valuable 
environmental properties. The phenomenon of fine 
dust is one of the environmental problems that has 
increased in recent years following human activities. 
Over three hundred thousand hectares of Khuzestan 
plain area in southern Iran is the source of fine dust 
production. Eshnan, a native plant of Khuzestan is one 
of the plants compatible with the stressful and low 
water conditions of the region. This vegetation prevents 
water from evaporating from the soil surface, keeping 
it moist. Eshnan shrub or shrub plant, with its fleshy 
limbs and osmotic pressure regulation, is a suitable 
and recommended species for cultivation in Khuzestan 
(Dinarvand et al., 2018). Identification of chemical 
components involved in the environmental adaptations 
of this plant can be very important for basic studies as 
well as the management of environmental problems. 
Despite its importance, little phytochemical studies 
have been performed on this plant up to the present.

4. Concluding remarks

In general, the results of this study showed that 
in addition to having various compounds, such as 
fatty acids, and being a rich source of sapiens and 
polyphenols, Eshnan exhibits remarkable antioxidant 
properties that permit its usage as a suitable raw 
material in various food, pharmaceutical and cosmetic 
industries. Eshnan can be considered a good candidate 
for treating diseases caused by oxidative stress or 
pathogenic microbes. Ginsenoside Rb1 was detected 
for the first time in the plant and is one of its principal 
bioactive agents which can be of great use from a 
medicinal point of view. The results also showed 
that due to the abundance of these plants in areas 
with saline soils such as the Khuzestan province and 
convenient access to their extract in addition to their 
traditional use as a detergent and for the glazing of 
dishes, they may be recommended for use in health 
and food industries as a preservative, as well as for the 
pharmaceutical and cosmetics industries. Due to the 
significant amounts of sapiens within the plant, it can 
be used as a natural surfactant and a proper alternative 
to the chemical surfactants being utilized in industry. 
Cultivation and exploitation of halophyte plants in salt 
marshes, where it is not possible to cultivate crops while 
protecting itself, helps to prevent the intensification of 
the desertification process and can be a suitable option 
to be employed for the production and extraction of 
vegetable oils from plants. However, more research 
is still required in the field to gain more knowledge 
about the various types of oily halophytes. To manage 
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Fig. 8. Anatomy of the Eshnan stem stained with (A) Lugol’s Iodine and (B) Methylene blue and Carmine. Co: Cortex, Ph: 
Phloem, Xl: Xylem vessels, P: Pith.

ecosystems in saline areas, improve pollutant problems, 
as well as to reduce the dust crisis in these areas, 
biotechnological applications of the plant should also 
be considered.
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