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Abstract 

This study investigates the extraction and characterization of the essential oil from Peganum 

harmala L., focusing on its antioxidant and antibacterial properties. The essential oils were 

extracted from the plant's seeds and leaves using the hydro-distillation method, and nine major 

volatile constituents were identified via GC-MS analysis. The antioxidant potential of the 

sample was evaluated using the DPPH radical scavenging method, achieving a 98.085% 

scavenging rate at a concentration of 100 μg/mL. The antibacterial effectiveness was assessed 

through the well diffusion method, demonstrating strong antibacterial efficacy against 

Escherichia coli and Staphylococcus aureus. These results highlight the chemical composition 

and significant antioxidant and antibacterial properties of Peganum harmala L. oil, suggesting 

its potential use in traditional medicine and recommending further exploration of its therapeutic 

applications. 
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Introduction 

Plant materials are the perfect enriched gift 

of nature for humanity, containing diverse 

chemicals that represent the most important 

arenas of traditional drugs worldwide [1-2]. 

For example, aspirin (the first pain reliever) 

was made from salicylic acid, which is an 

active constituent in the bark of the Salix 

species (willow tree) [3]. Roots and the 

aerial parts of Echinacea purpura possess 

antiviral and anti- 

inflammatory activities [4]. Taxus brevi-

folia's bark synthesizes taxol, which helps 

treat breast, ovarian, and lung cancer [5]. 

Leaves of Acacia modesta revealed anti-

inflammatory, hypoglycemic, ant-platelet, 

and analgesic effects [6]. Zingiber 

officinale (ginger) has extensively been 

used in tea, herbal medicine, and vegetables 

[7]. Peganum harmala L., frequently 

known as"harmal," belongs to the 

Zygophyllaceae family, which includes 30 

genera and approximately 250 species [8]. 
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Peganum harmala L. is a perpetual 

greenish herb that is 30-60 cm in height, 

with dark brown seeds in an angular shape; 

leaves are alternate, bright green and two 

inches long; woody root; many-branched 

green stem; conspicuous five-petaled white 

or pale-yellow flower; and green/orange-

brown fruit (Figure 1) [9-11]. Peganum 

harmala L. is found worldwide and is 

mostly native to Pakistan, Temperate Asia, 

Mongolia, India, Turkey, the 

Mediterranean, Europe, China, the Middle 

East, and the southern splits of Iran [12]. It 

is present in semi-barren, steppe areas, and 

sandy soils [13]. 

Figure 1: Peganum harmala L. plant. 

The phytochemicals identified in Peganum 

harmala L. include flavonoids, alkaloids, 

tannins, saponins, anthraquinones, and 

cardiac glycosides [14-15]. Beta-carboline 

and quinazoline alkaloids are more 

pronounced in the roots and seeds of harmal 

than in the leaves and stems. Notably, these 

alkaloids are not found in the flowers of the 

plant. The total alkaloids present in harmal 

are 2-5%. Harmaline, harmol, harmane, 

harmalol, harmine, and tetrahydroharmine 

are the major β-carboline alkaloids, while 

vasicinone and vasicine are the primary 

quinazoline alkaloids of Peganum harmala 

L. [16]. Harmine showed antibacterial, 

antiviral, antioxidant, antidiabetic, 

antitumor, antiparkinson, osteogenic, 

angiogenic, drug interaction, and 

cardiovascular effects [17-19]. Harmaline 

is involved in drug interaction, 

antiparkinson, CNS stimulant, 

hallucinogenic, reversible inhibitor of 

MAO-A, antibacterial, and antioxidant 

activities [20-22]. Harmane changes their 

mood and is involved in anti-depressant 

activity [23]. Vasicinone revealed aborti-

facient, antiprotozoal, and vasorelaxant 

effects [24-25]. Vasicine also showed 

abortifacient effects [26]. 

Several reports in the sources discuss the 

chemical constituents of the seeds and 

leaves of Peganum harmala L., as well as 

the antibacterial activity and various uses of 

its essential oils [27-38]. In previous years, 

synthetic antibacterial drugs were 

manufactured because bacteria were the 

main cause of animal, plant, and human 

deaths. Soon, these synthetic antibacterial 

drugs were replaced by naturally produced 

antibacterial medicines due to their severe 

aftereffects [39]. Active oxidative species 

are continuously generated in the body in 

response to metabolism, which leads to 

diabetes mellitus, immune dysfunction, 

malignant tumours and cell ageing. So, 

synthetic antioxidants like butylated 

hydroxytoluene (BHT) were synthesized in 

previous years to prevent the stress of free 

radicals in the body. Consequently, these 

synthetic antioxidants were replaced by 

natural antioxidants because humans were 

at risk of the harmful effects of synthetic 

antioxidants [40-44]. 

Despite the potential therapeutic benefits of 

Peganum harmala L. essential oil, the 

research data available from various 

regions in Pakistan still needs to be 

improved. This article examines the 

components extracted from the leaves and 

seeds of Peganum harmala L. and assesses 

their antioxidant and antibacterial 

properties. The primary goal of this study is 

to identify novel botanical drugs that can 

effectively combat free radicals and 

bacterial infections. 

Materials and Methods 

In February 2017, leaves and seeds of 

Peganum harmala L were gathered from 

Chakwal, Punjab, Pakistan. The leaves and 

seeds underwent a two-week air-drying 

process at room temperature. Subsequently, 
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the leaves were meticulously cut into small 

pieces using heavy-duty scissors, while the 

seeds were finely ground into a powder. 

Materials and Methods 

175 g of dried leaves of Peganum harmala 

L. were subjected to hydro-distillation in 

the Dean-Stark apparatus for 15 hours. 

Also, the 1.5 kg of seeds were ground into 

powder, put into a water bowl, and left for 

three days. Then, this material was 

subjected to hydro-distillation in the Dean-

Stark apparatus for 18 hours. The oil 

obtained from seeds and leaves was in the 

form of an emulsion, which was extracted 

thrice with the help of diethyl ether (3 × 150 

mL) in a separating funnel. Using 

anhydrous sodium sulphate, the organic 

layer was dehydrated. The ethereal layer 

evaporated at room temperature and 

pressure (25 ̊ C and 1 atm). The essential oil 

acquired was carefully preserved in a 

refrigerated environment at a temperature 

of 4 ˚C. It was stored in an amber-colored 

bottle to ensure its integrity and suitability 

for future research. 

GC-MS analysis 

The essential oil extracted from the seed 

and leaves of Peganum harmala L. was 

analyzed by PCSIR Laboratories in Lahore, 

Pakistan, using Agilent 6890 gas 

chromatography-mass spectrometry (GC-

MS) instruments [45]. The HP-5MS 

capillary column was 30 metres long, and 

helium was utilized as the carrier gas; 0.25 

millimetres, 0.25 𝜇m in diameter, and 0.1 

micrometres in pore size were used for 

separation. The temperatures and flow rates 

for the different stages were as follows: The 

first stage could reach temperatures of 50–

100 ˚C at a pace of 5 degrees Celsius per 

minute, while the last stage could reach 

temperatures of 100–250 ̊ C at a rate of 3 ̊ C 

per minute. The last step was a 20-minute 

hold at 260 ̊ C. Approximately 2 microliters 

(𝜇L) of the sample were injected into the 

column using split less and manual modes. 

The successful separation of constituents 

from the essential oil was achieved by 

setting the column temperature to 200 ˚C. 

Their identities were established by 

comparing the essential oil's chemical 

components' mass spectra and retention 

indices with those already in the NIST 

collection. 

Determination of antioxidant activity 

Peganum harmala L. essential oil was 

tested for its antioxidant properties utilizing 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) as 

a radical scavenger [46]. Various 

concentrations of samples, such as 20 𝜇L, 

40 𝜇L, 60 𝜇L, 80 𝜇L, and 100 𝜇L, were 

combined with DPPH dissolved in 

methanol. The incubation of samples was 

made light-free under room temperature for 

30 minutes. Later, the samples' absorbance 

values were measured using a 517 nm 

wavelength relative to the blank with a 

DPPH solution. Ascorbic acid was the 

positive control, whereas water was the 

negative control for comparison 

purposes. The absorbance of the DPPH 

solution was set after being diluted 6-folds 

and then read at 517 nm using the UV-Vis 

spectrometer to determine the percent 

decrease. To calculate the degree of DPPH 

inhibition, the researchers employed 

Equation 1. 

% DPPH inhibition = Ao-A1/Ao × 100 

Where, Ao denotes the absorbance of the 

control, whereas A1 represents the 

absorbance of the samples. 

Determination of antibacterial activity 

An antibacterial assay was conducted using 

four bacterial species: Klebsiella 

pneumoniae, Escherichia coli, 

Pseudomonas aeruginosa (all gram-

negative), and Staphylococcus aureus (a 

gram-positive bacterium). The study 

employed the excellent diffusion method to 

evaluate the antibacterial action of the 
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essential oil isolated from the leaf and seed, 

following the guidelines established by the 

National Committee for Clinical 

Laboratory Standards (1993) [47-48]. 

Before injection, bacterial strains were sub 

cultured three times on nutrient agar media. 

The stock cultures were heated at 37 ˚C for 

24 hours, and Perforation was made in the 

Petri plates with the help of a 9 mm corn 

borer. The essential oil of the seeds and 

leaves occupied the wells. Then, Petri 

dishes were enclosed by the lid and left for 

30 minutes. These plates spent 24 hours in 

a 37 ˚C incubator. Inhibition zones 

surrounding the wells were quantified in 

millimeters. 

Statistical Analysis  

The antioxidant potential of Peganum 

harmala L. was compared to that of 

ascorbic acid, and the standard deviation 

and mean were calculated using traditional 

statistical techniques. The significance 

level (p < 0.05) was determined using an 

unpaired sample t-test. The result showed a 

statistical significance of p = 0.0074 (p < 

0.05). Two-way analysis of variance 

(ANOVA) was used to assess the 

effectiveness of antioxidants, with 

concentration and essentiality serving as 

independent variables. 

Mean, standard deviations and statistical 

significance calculated the variation 

between experiments. The student's t-test 

estimated the difference in inhibition 

potential between the tested samples and 

the standard. The results of antibacterial 

activity were statistically significant 

because of the probability of P=0.0039 (P ≤ 

0.05). The mean and standard deviation of 

ampicillin and essential oil were 23.1 ± 

0.8165 and 15.075 ± 3.434, respectively. 

Results and Discussion 

Chemical composition of the essential oil 

Peganum harmala L. extract was analyzed 

using GC-MS. Five essential oil elements 

were isolated from tseeds and four from the 

leaves, for around nine constituents in the 

volatile oil of the leaves and seeds. The 

identified essential oil components were 

initially confirmed by comparing their 

spectra with the spectra of the NIST library. 

Then, it was further confirmed by 

observing their mass fragmentation pattern. 

The results are given in Tables 1 and 2.

 

Table 1: Major volatile components of commercial oil of seeds of Peganum harmala L. by GC-

MS studies 
S.No. Compounds Retention time (Minutes) 

1 n-Hexadecanoic acid 10.811 

2 9-Octadecenoic acid, methyl ester, (E) 11.669 

3 9,12-Octadecadienoic acid (Z, Z), methyl ester 11.735 

4 cis-Vaccenic acid 12.163 

5 Harmine 14.591 

Table 2: Major volatile components of commercial oil of leaves of Peganum harmala L. by 

GC-MS studies 

S.No. Compounds Retention time (Minutes) 

1 Hexadecanoic acid, methyl ester 10.416 

2 11-Octadecenoic acid, methyl ester 11.681 

3 9-Octadecenoic acid, methyl ester, (E) 11.669 

4 9,12-Octadecadienoic acid (Z, Z), methyl ester 11.735 
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To the best of our understanding, the 

chemical makeup of Peganum harmala L. 

essential oil has only been reported in a few 

scientific papers [49]. In all these reports, 

different essential oil constituents were 

abundant because of the different pH of 

soils, nutrient contents, air, water content, 

and harvesting season. Tahrouch et al [27]. 

found essential oil of both dried and fresh 

Peganum harmala L. plant parts contain 

mostly =2,3-dihydrobenzofurane and 

propylic acid. 

A study was done in North Africa to show 

the composition of commercial oil seeds of 

Peganum harmala L., which demonstrated 

that the most abundant constituents were 

eugenol and thymol [16]. These discoveries 

are not based on the outcomes displayed 

here. Changes in essential oil composition 

may have emerged from a few contrasts, 

such as seasonal, occasional, topographical, 

and geogra-phical. 

Antioxidant activity of Peganum harmala 

L. 

Peganum harmala L. has therapeutic 

properties utilized in traditional and 

modern drugs to treat various diseases in 

certain regions. Plant seed and leaf extracts 

are rich in multiple flavonoids and 

phenolics, which possess antioxidant 

properties and effectively inhibit the 

generation of oxidative species within the 

human body. DPPH is often used as an 

indicator to estimate the free-radical-

scavenging activity of both synthetic and 

natural antioxidants. When both natural or 

synthetic antioxidants interact with DPPH, 

the stability of free radicals is 

compromised, and a yellow-colored form 

of diphenyl picrylhydrazine is formed. The 

hydrogen-donating antioxidant activity 

radical was displayed on the DPPH radical 

[50]. 

In this work, the antioxidant capacity of 

Peganum harmala L. essential oil was 

evaluated by its ability to slake the DPPH 

radical. Essential oil derived from seeds 

exhibited a significant inhibition rate of 

88.085% at a concentration of 100 𝜇g/mL 

compared to ascorbic acid, which served as 

the standard and demonstrated an inhibition 

rate of 92%. Water (a negative control) 

does not show any kind of inhibition. The 

essential oil extracted from the seeds is 

more antioxidant than the plant's leaves. 

The observed inhibitory effects of the 

volatile oil derived from Peganum harmala 

L. indicate the presence of phenolic 

compounds within the plant. The efficacy 

of commercial oil in reducing power is 

determined by the dosage, which shows 

varying chemical components and the 

synergistic impact of minor constituents. 

Tables 3 and 4 represent the data on the 

antioxidant properties of Peganum harmala 

L. essential oil. Results indicate that the 

volatile oil of Peganum harmala L. exhibits 

a limited inhibitory effect, suggesting the 

presence of a low concentration of phenolic 

constituents. The antioxidant activity of 

commercial oil is influenced by various 

factors, including its structural features, 

dosage, temperature, concentration, light 

exposure, and more. 

Table 3: Antioxidant activity of essential oil 

seeds of Peganum harmala L. 

S.No. 

Concentration 

of sample 

(μL) 

Absorb 

ance 

(nm) 

%age 

inhibition 

1 20 0.549 45 

2 40 0.451 55 

3 60 0.349 64 

4 80 0.248 75 

5 100 0.113 88 

Table 4: Antioxidant activities of essential 

oil of leaves of Peganum harmala L. 

S.No. 

Concentration 

of sample 

(μL) 

Absorb 

ance 

(nm) 

%age 

inhibition 

1 20 0.589 41 

2 40 0.509 49 

3 60 0.459 54 

4 80 0.341 65 

5 100 0.248 71 
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The health benefits and nutritional 

functions of antioxidants derived from 

therapeutic plants and nutritious foods have 

been the subject of ongoing investigation. 

In biological settings, DNA damage and 

oxidation of proteins and lipids may be 

triggered by exposure to reactive nitrogen 

species (RNS) and reactive oxygen species 

(ROS), such as hydroxyl, nitric oxide, and 

superoxide [51]. The most antioxidant 

process is with the natural assortment of the 

human body, which scavenges the free 

radicals, thereby maintaining the balance 

between anti-oxidation and oxidation. On 

the one hand, radiation, alcohol, cigarette 

smoking, or environmental pollutants are 

the factors that cause overproduction of 

RNS and ROS. This imbalance between 

oxidation and anti-oxidation processes 

triggers the manifestation of degenerative 

and chronic illnesses [52]. 

Numerous studies in scientific literature 

have demonstrated the antioxidant 

properties of the seed and leaf extracts 

derived from Peganum harmala L. [53-59]. 

Essential oil is produced from Peganum 

harmala L. seeds and leaves, although its 

antioxidant activity needs to be better 

established. 

Antibacterial activity of Peganum 

harmala L. 

The antibacterial efficacy of Peganum 

harmala L. essential oil was evaluated 

using the diffusion method against various 

food-borne bacteria, with results detailed in 

Table 5 and Figure 2. The study 

demonstrated that the volatile oil from 

Peganum harmala L. possesses notable 

antibacterial activity against 

Staphylococcus aureus and Escherichia 

coli. After 24 hours of incubation, the oil 

produced maximum inhibition zones of 

18.1 mm for Staphylococcus aureus and 

18.0 mm for Escherichia coli.

 

Table 5: Antibacterial activity of essential oil seeds of Peganum harmala L. 

S. 

No. 
Test Organism 

Colony 

Morphology 

Zone of 

Inhibition for 

Ampicillin(mm) 

Incubation  

Temp. (˚C) 

Zone of inhibition 

for Essential 

oil(mm) 

1 
Klebsiella 

pneumonia 

Gram –ve 

rods 
23.1 37 12.1 

2 
Staphylococcus 

aureus 

Gram –ve 

cocci 
24.1 37 18.1 

3 
Pseudomonas 

aeruginosa 

Gram –ve 

rods 
22.1 37 12.1 

4 
Escherichia 

coli 

Gram +ve 

rods 
23.1 37 18 

Figure 2: Antibacterial activity of essential oil seeds of Peganum harmala L.
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Klebsiella pneumoniae and Pseudomonas 

aeruginosa exhibited a minimum area of 

inhibition measuring 12.1 mm each 

following a 24-hour incubation period 

(Figures 3 and 4). 

Figure 3: Antibacterial activity of essential 

oil against Klebsiella pneumoniae and 

Staphylococcus aureus. 

Figure 4: Antibacterial activity of essential 

oil against Pseudomonas aeruginosa and 

Escherichia coli. 

Several published studies have studied 

Essential oil from seeds for its antibacterial 

properties [16, 29]. Present the study's 

findings with the existing literature [60-62]. 

In their research, Selim et al. [28] found 

essential oil from the seeds of Peganum 

harmala L. to have the most potent 

antibacterial properties against four 

bacterial species: Staphylococcus aureus, 

Salmonella indicia, Escherichia coli, and 

Bacillus cereus. 

Many studies show that plants are nature's 

greatest gift due to their therapeutic 

properties. Medicinally, all parts perform 

different functions. Peganum harmala L. 

seeds, for example, have hallucinogenic 

and hypothermic properties and the entire 

plant has been shown to have galactagogue, 

antispasmodic, anthelmintic, abortifacient, 

antipyretic, emmenagogue, and emetic 

properties. Nine components found in 

essential oil were shown to have 

antioxidant and antibacterial activities in 

this investigation. Antioxidant activity 

increases as the concentration of essential 

oil increases. Seeds showed more powerful 

antioxidant activity at 100 µg/mL with 88 

% inhibition, while leaves revealed 71 % 

inhibition at 100 µg/mL. The unpaired t-test 

proved that the result of the antioxidant 

potential of essential oil is statistically 

significant because the probability was 

equal to 0.0074 (p < 0.05). 

Based on the results of the investigation, 

itwas determined that Peganum harmala L. 

volatile oil showed the highest zone of 

inhibition for antibacterial action against 

Escherichia coli and Staphylococcus 

aureus. i.e., 18.0 and 18.1 mm, 

respectively, after 24 hours of incubation, 

while zones of inhibitions, i.e., 12.1 mm, 

were obtained by both Klebsiella 

pneumoniae and Pseudomonas aeruginosa. 

It was surprising to see that the volatile oil 

of the leaves of Peganum harmala L. does 

not demonstrate any area of inhibition. The 

results of antibacterial potential proved to 

be statistically significant because they 

offered a probability equal to 0.0039 (P ≤ 

0.05). The average and standard deviation 

for ampicillin and Peganum harmala L. 

volatile oil were 15.075 ± 3.434 and 23.1 ± 

0.8165, respectively. Hence, not only have 

phytochemicals proved to have therapeutic 

effects, but each part also has some 

beneficial importance. It is impossible to 

say which essential oil constituents are 

responsible for antioxidant and 

antibacterial effects. Nonetheless, this data 

will prove valuable for further studies. 

Conclusion 

The volatile oil was extracted from the 

leaves and seeds of Peganum harmala L. 

using the hydro-distillation method. The oil 

was then characterized using gas 

chromatography and mass spectrometry 

techniques. Antioxidant and antibacterial 

screenings were conducted using the 

DDPH assay and the well diffusion method. 
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The studies have revealed that the volatile 

oil extracted from the seeds and leaves 

seeds of Peganum harmala L. possesses 

potential for application as natural 

ingredients in pharmaceuticals and food 

products. A comprehensive analysis 

revealed the presence of nine distinct 

components within the essential oil derived 

from Peganum harmala L. The volatile oil 

of the seeds demonstrated the highest 

antioxidant potential (88%) at a 100 µg/mL 

concentration. Similarly, notable 

antibacterial efficacy was noted against 

Escherichia coli and Staphylococcus 

aureus. 
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