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Abstract  

Background: Peganum harmala L. seeds (Phs) possess various biological activities, including anti-rheumatic, anti-parasitic, sed-

ative, diaphoretic, anti-neoplastic, and pain-relieving effects. Fruits of Heracleum persicum (fHp), known for their antimicrobial, 

anti-inflammatory, and analgesic properties, are commonly used in the food industry. In Iranian traditional practices, the smoke 

produced from a combination of Phs (Espand) and fHp (Golpar) is frequently applied for medicinal purposes. The present study 

aimed to analyze the chemical constituents using GC-MS and assess the antimicrobial effects of smoke generated from burning 

Phs and fHp against eight reference strains and four clinical isolates.  

Materials and Methods: Smoke derived from combusted Phs and fHp was trapped in a 50% ethanol solution. After evaporation 

of ethanol at 50°C, the residue was re-dissolved in dimethyl sulfoxide. Different concentrations were prepared. The antimicrobial 

activity of solutions was examined against 12 microbial strains using agar well diffusion technique. GC-MS analysis was conducted 

to determine the chemical composition of Phs and fHp smokes. 

Results: Smoke obtained from Phs and fHp exhibited antimicrobial effects against several Gram-positive and Gram-negative bac-

terial species. GC-MS analysis revealed 15 major peaks in Phs smoke and 11 principal peaks in fHp smoke. In Phs smoke, octade-

cenoic acid isomers accounted for 44.9% of the total compounds. Pimpinellin (48.5%) was identified as the predominant constituent 

in fHp smoke and benzopyran isomers comprised 35% of the detected compounds. 

Conclusions:  The study results demonstrated the antimicrobial potential of Phs and fHp smokes, supporting their traditional ap-

plication as environmental disinfectants in traditional medicine . 
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Introduction  

Antimicrobial resistance is a significant public 

health concern, responsible for many deaths 

worldwide. The improper and irregular use of an-

timicrobial drugs has significantly contributed to 

the rise of antibiotic-resistant infections (1-3). 

Traditional medicine is a significant health ser-

vice in this regard. In different cultures, the total 

body of knowledge, skills, and practices 

grounded in theories, beliefs, and experiences, 

whether explicable or not, is known as traditional 

medicine and is used for the maintenance of 

health as well as for diagnosis and prevention (4-

7). Traditional medicines, such as traditional 

smokes, have received considerable attention in 

many countries. Medicinal smokes are used to 

treat infections in more than 50 countries, such as 

Tanzania, Iran, and South Africa. Tobacco smok-

ing has been used since ancient times by Indige-

nous Americans. In Iran, smoke from burning Es-

pand and sandalwood was used to protect the king 

from disease and evil (8).   
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The eminent physicians of the Islamic Golden 

Age—Avicenna, Zakaria Razi, and Aghili 

Khorasani—provided detailed descriptions of 

various medicinal smokes and highlighted their 

therapeutic applications. (8, 9). Smoke from 

burning plants at high temperatures is a simple 

way to treat infections. Due to the inhalation of 

therapeutic components, medicinal smokes have 

impressive and fast pharmacological effects, and 

most traditional smokes are still employed for 

this reason (8).  

Smoke from burning a mixture of Peganum har-

mala L. seeds (Phs) and the fruits of Heracleum 

persicum (fHp) is widely used in traditional med-

icine in Iran and is called Espand and Golpar, re-

spectively. Peganum harmala L. (P. harmala) is 

a plant that grows in Turkey, Syria, Iran, India, 

the Mediterranean regions of North Africa, and 

Spain. Its seeds are rich in carbohydrates, lipids, 

proteins, inorganic salts, alkaloids, amino acids, 

and fatty acids, including palmitic, stearic, and 

linoleic acids (10). The pharmacological activity 

of Phs is related to alkaloids extracted from Phs, 

mostly, including β-carbolines, such as harman, 

harmine, harmaline, and harmalol (11). The bio-

active compounds of P. harmala are effective in 

repelling intestinal worms, relieving stomach 

pain, and increasing milk secretion. In addition, 

Phs have anticancer, anti-rheumatism, hypnotic, 

and diaphoretic properties (10, 12, 13). Hera-

cleum persicum is a flowering plant from the 

Apiaceae family (14), which has antioxidant, an-

ticonvulsant, analgesic, anti-inflammatory, and 

immune-modulatory properties and cytotoxic ef-

fects. Although there are some reports about the 

antimicrobial effect of Phs extracts and fHp es-

sential oils (10, 14-18), few studies have focused 

on the antimicrobial effects of smoke from burn-

ing these two plants. 

Accordingly, this study aimed to evaluate the an-

timicrobial activity of smokes produced by burn-

ing Phs and fHp against 12 different microbial 

strains, followed by gas chromatography–mass 

spectrometry (GC-MS) analysis to identify the bi-

oactive compounds present in the smokes.  

Material and Methods  

Standard strains were obtained from the Persian 

Type Culture Collection (PTCC) of the Iranian 

Research Organization for Science and Technol-

ogy. The mentioned strains included Candida al-

bicans (PTCC No. 5027), Staphylococcus aureus 

(PTCC No. 1112), Escherichia coli (PTCC No. 

1330), Micrococcus luteus (PTCC No. 1110), Ba-

cillus cereus (PTCC No. 1053), Klebsiella pneu-

moniae (PTCC No. 1015), and Listeria mono-

cytogenes (PTCC No. 1306). Pseudomonas aeru-

ginosa (American Type Culture Collection 

[ATCC] No. 27853) was purchased from Padtan-

teb Co.  

Furthermore, isolated strains, including S. epider-

midis (No. 964111), E. coli (No. 00322), A. bau-

mannii (No. 964110), and Proteus mirabilis (No. 

96421) were obtained from Shams Laboratory 

(Buin Zahra, Qazvin, Iran).  

Moreover, Muller-Hinton Agar (MHA) and dime-

thyl sulfoxide (DMSO) were purchased from 

QUELAB and DNA Biotech Life Science Co., re-

spectively.  

Eventually, Phs (Esfand) and fHp (Golpar) were 

collected from the plains of Buin Zahra, Qazvin, 

Iran.  

Extraction Method 

To obtain smoke, dried Phs and fHP were sepa-

rately spilled in the flask. The flasks got hot. The 

produced smoke was collected using a copper 

pipe interface to another flask, on ice, and dis-

solved in ethanol 50% (V/V) with frequent shak-

ing. The solvent was transferred to the oven at 

50ºC (9). The obtained compounds were dis-

solved in DMSO, and different concentrations 

(6.2-100 mg/mL) were prepared for antibacterial 

assay (9).  

Antimicrobial Assay 

The antimicrobial activity of smokes was as-

sessed using the well-diffusion method on MHA 
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plates. The overnight culture of each strain was 

used to prepare a microbial suspension in sterile 

physiologic saline to a 0.5 McFarland turbidity 

standard. The MHA plates were inoculated with a 

sterile suspension of fungal and bacterial strains. 

The wells were created with a diameter of 6 mm 

in the inoculated MHA and loaded with 50 µL of 

each of the test sample concentrations. Then, the 

MHA plates were incubated at 37°C. After 24 

hours, the inhibition zone of each concentration 

was measured and reported in millimeters (9, 19). 

All antimicrobial assays were separately per-

formed for each of the Phs and the fHp smoke 

samples. 

Gas Chromatography–Mass Spectrometry (GC-

MS) 

Compounds in the smokes of Phs and fHp in 

DMSO solvent were separately recognized using 

gas chromatography (Agilent, GC: 6890, MSD: 

5973, UAS) with an HP5-MS capillary column. 

The complete run time was 42 minutes. Initially, 

the oven temperature was kept at 50˚C for 5 

minutes, and then elevated to 280˚C and kept at 

this temperature for 10 minutes. Additionally, in-

jector and detector temperatures were regulated at 

250˚C. Helium was used as the carrier gas at a 

flow rate of 1 mL/min, and the injection volume 

was 1 µL. The retention times of all peak areas 

were listed and compared with those of the Wiley 

NIST Mass Spectrometry Data Center (20, 21). 

Statistical Analysis 

The data from the antimicrobial assays were ana-

lyzed using Minitab software (version 16) with a 

two-sample t-test. Differences were considered 

statistically significant at P < 0.05.  

Results and Discussion 

Smokes obtained from Phs and fHp demonstrated 

antimicrobial activity at 6.2-100 mg/mL against 

gram-positive and gram-negative bacteria. The 

largest inhibition zone was observed with 

Klebsiella pneumoniae at 100 mg/mL of Phs 

smoke, measuring 20 mm. However, no inhibi-

tion zones were detected in any of the concentra-

tions of Phs smoke in Bacillus cereus and L. mon-

ocytogenes strains. In the only fungal strain (Can-

dida albicans), the inhibition zone was observed 

at 12.5-100 mg/mL of Phs smoke, with a 10-17 

mm diameter. Table 1 and Fig. 1 show the diam-

eters of the inhibition zones of the microbial 

strains at 6.2-100 mg/mL of Phs smoke.  

 

Fig. 1 The Inhibition Zone of Vari-

ous Concentrations (3.1-100 

mg/mL) Related to the Smoke of 

Peganum harmala L. Seeds in Some 

Microorganisms: (A) Isolated E. 

coli, (B) P. mirabilis, (C) S. epider-

midis, (D) M. luteus, (E) A. bau-

mannii [(1) 100 mg/mL, (2) 50 

mg/mL, (3 ) 25 mg/mL, (4) 12.5 

mg/mL, and (5) 6.2 mg/mL 

 

 
Note. E. coli: Escherichia coli; S. epidermidis: Staphylococcus epidermidis; M. luteus: Micrococcus luteus; A. baumannii: Aci-

netobacter baumannii. 
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Table 1. The Inhibition Zone Diameter (mm) for Bacteria Following Treatment With Various Concentrations (6.2-100 mg/mL) 

of Peganum harmala L. Seeds Smoke 

                                       Concentration (mg/ml) 

Strains  

6.2 12.5 25 50 100 

Candida albicans (PTCC No: 5027) ---- 10 10 14 17 

Staphylococcus aureus (PTCC No: 1112) ---- 9 10 13 16 

Escherichia coli (PTTC No:1330) ---- ---- 10 15 19 

Micrococcus luteus (PTCC No: 1110) ---- ---- 10 13 16 

Bacillus cereus (PTTC No: 1053) ---- ---- ---- ---- ---- 

Klebsiella pneumoniae (PTTC No:1015) ---- ---- 10 14 20 

Listeria monocytogenes (PTCC No: 1306) ---- ---- ---- ---- ---- 

Pseudomonas aeruginosa (ATCC No: 27853) ---- ---- ---- 10 10 

Staphylococcus epidermidis (No: 964111) ---- 8 11 13 15 

Acinetobacter baumannii (No: 964110) ---- ---- ---- 9 11 

Escherichia coli (No: 00322) ---- ---- ---- ---- 11 

Proteus mirabilis (No: 96421) ----- 9 11 15 18 

Abbreviations: PTCC, Persian Type Culture Collection; ATCC, American Type Culture Collection 

The largest inhibition zone (18 mm) was found in 

S. epidermidis at 100 mg/mL of fHp smoke, while 

no inhibition zone was observed at any concen-

tration of fHp smoke in M. luteus and L. mono-

cytogenes strains. Table 2 and Fig. 2 show the in-

hibition zone diameter of microbial strains at 6.2-

100 mg/mL of fHp smoke. The largest inhibition 

zone (18 mm) was found in S. epidermidis at 100 

mg/mL of fHp smoke, while no inhibition zone 

was observed at any concentration of fHp smoke 

in M. luteus and L. monocytogenes strains. Table 

2 and Fig. 2 show the inhibition zone diameter of 

microbial strains at 6.2-100 mg/mL of fHp 

smoke.  

GC-MS analysis of Phs smoke revealed 15 main 

peak areas (Fig. 3). 

 
Fig. 2 The Inhibition Zone of 

Various Concentrations (3.1-

100 mg/mL) of the Smoke Re-

lated to the Fruits of Hera-

cleum persicum in Some Mi-

croorganisms: (A) Isolated E. 

coli, (B) S. epidermidis, (C) K. 

pneumoniae, (D) P. mirabilis, 

(E) A. baumannii [(1) 100 

mg/mL, (2) 50 mg/mL, (3) 25 

mg/mL, (4) 12.5 mg/mL, and 

(5) 6.2 mg/mL 

 

 
Abbreviations. E. coli: Escherichia coli; S. epidermidis: Staphylococcus epidermidis; K. pneumoniae: Klebsiella pneumoniae; 

P. mirabilis: Proteus mirabilis; A. baumannii: Acinetobacter baumannii. 
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Table 2 The Inhibition Zone Diameter (mm) for Bacteria After Treatment With Different Concentrations (6.2-100 mg/mL) of 

the Fruits of Heracleum persicum Smoke 

                                       Concentration (mg/ml) 

Strains  

6.2 12.5 25 50 100 

Candida albicans (PTCC No: 5027) ---- ---- ---- ---- 12 

Staphylococcus aureus (PTCC No: 1112) ---- ---- ---- ---- 10 

Escherichia coli (PTTC No:1330) ---- ---- ---- ---- 12 

Micrococcus luteus (PTCC No: 1110) ---- ---- ---- ---- ---- 

Bacillus cereus (PTTC No: 1053) ---- ---- ---- ---- 8 

Klebsiella pneumoniae (PTTC No:1015) ---- ---- ---- ---- 14 

Listeria monocytogenes (PTCC No: 1306) ---- ---- ---- ---- ---- 

Pseudomonas aeruginosa (ATCC No: 27853) ---- ---- ---- 9 15 

Staphylococcus epidermidis (No: 964111) ---- ---- 12 15 18 

Acinetobacter baumannii (No: 964110) ---- ---- ---- ---- 17 

Escherichia coli (No: 00322) ---- ---- ---- ---- 13 

Proteus mirabilis (No: 96421) ----- ---- 9 11 15 

 

 
Fig. 3 Gas Chromatography–Mass Spectrometry (GC-MS) Analysis of the Chemical Constituent Related to the Smoke of 

Peganum harmala L. Seeds 

Based on the GC-MS analysis of the Phs smoke, 

44.9% of all components were octadecenoic acid 

isomers, including Hexadecanoic acid, methyl es-

ter, n-hexadecanoic acid, hexadecenenitrile, 9-

Octadecenamide, 8,11-Octadecadienoic acid, 

methyl ester, and 9,12-Octadecadienoic acid. The 

other isomers were methyl ester, 10-octadecenoic 

acid, methyl ester, 8-octadecenoic acid, methyl 

ester, Heptadecanoic acid, 16-methyl-, methyl es-

ter, and 9-Octadecenamide. In addition, 14% and 

28.5% of them were related to harmine isomers 

and benzenedicarboxylic acid isomers, respec-

tively (Table 3). 

GC-MS analysis of fHp smoke revealed 11 main 

peak areas (Fig. 4).  

According to the GC-MS analysis of the fHp 

smoke, pimpinellin (48.5%) was the most identi-

fied compound, and benzopyran isomers included 

35% of the compounds (Table 4). 

Smoke from burning a mixture of Phs and fHp is 

commonly used in Iranian culture.  
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Table 3 Gas Chromatography–Mass Spectrometry (GC-MS) Peaks Related to the Identified Compounds of the Smoke of 

Peganum harmala L. Seeds and Their Situations 

Peak Retention Time 

(min) 

Compound Name % Of Total 

1 16.845 1-Eicosanol 

Dichloroacetic acid, tetradecyl ester 

0.904 

2 17.072 Hexadecanenitrile 0.842 

3 17.282 Hexadecanoic acid, methyl ester 1.519 

4 17.779 n-Hexadecanoic acid 10.145 

5 18.854 Hexadecenenitrile 

9-Octadecenamide 

1.667 

6 18.946 8,11-Octadecadienoic acid, methyl ester 

9,12-Octadecadienoic acid, methyl ester, (E, E)- 

2.656 

7 18.995 10-Octadecenoic acid, methyl ester 

8-Octadecenoic acid, methyl ester 

3.999 

8 19.205 Octadecanoic acid, methyl ester 

Heptadecanoic acid, 16-methyl-, methyl ester 

0.933 

9 19.497 9,12-Octadecadienoic acid (Z, Z)- 27.237 

10 20.875 9H-Pyrido(3,4-b) indole, 6-methoxy-1-methyl 

Harmine 

3.431 

11 21.361 9-Octadecenamide, (Z)- 3.120 

12 21.609 Harmine 

Harmine, ethenyl(ester) 

1.160 

13 22.663 1,2-Benzenedicarboxylic acid, diisooctyl ester 

Di-n-octyl phthalate 

0.363 

14 22.846 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester 

1,2-Benzenedicarboxylic acid, diisooctyl ester 

28.281 

15 26.352 2H-1-Benzopyran-6-ol, 3,4-dihydro-2,8-dimethyl-2-(4,8,12-trimethyl-

tridecyl)-, [2R-[2R*(4R*,8R*)]]- 

0.799 

 

 
Fig. 4 GC-MS analysis related to the chemical constituent of the fruits of Heracleum persicum smoke 

Note. GC-MS: Gas chromatography-mass spectrometry. The resolution insufficient 

In this study, the GC-MS analysis of smoke from 

burning Phs and fHp was separately evaluated by 

the antimicrobial activity on eight standard 

strains and four isolated strains from patients. 

Antimicrobial activity at a concentration of 6.2-

100 mg/mL was observed in more gram-positive 

and gram-negative bacteria. The GC-MS analysis 

revealed that octadecenoic acid, harmine, and 
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benzene dicarboxylic acid isomers are present in 

Phs. Moreover, the presence of pimpinellin and 

benzopyran isomers was proven in fHp. 

Shahverdi et al. studied the antimicrobial activity 

and the main chemical composition of Phs using 

two solvents and a different GC-MS method (22). 

The properties of the extraction solvents signifi-

cantly impacted the extraction yield and the phy-

tochemical components (23, 24). In the men-

tioned study, dichloromethane and n-hexane were 

used to collect smoke from Phs, while in the cur-

rent study, 50% ethanol (v/v) was employed for 

this purpose. Therefore, the compounds extracted 

in the above-mentioned study widely differ from 

those extracted in the present study. In addition, 

in the aforementioned study, most extracted com-

pounds were dodecane isomers (22), while in our 

study, the obtained compounds were mostly asso-

ciated with linoleic acid. Harmine is a primary al-

kaloid in Phs. Shahverdi et al isolated 14.1% of 

Harmine in the dichloromethane extract, whereas 

this alkaloid was not identified in the n-Hexane 

extract. Similarly, in the present study, using 50% 

ethanol as a solvent, Harmine and its isomers 

were isolated at 14% in Phs smoke. 

 

Table 4. Gas Chromatography–Mass Spectrometry (GC-MS) Peaks Related to the Identified Compounds Belonging to the Fruits 

of Heracleum persicum and Their Situations 

Peak Retention 

Time (min) 

Compound Name % of Total 

1 15.32 1(2H)-Naphthalenone, 3,4-dihydro-2,5,8-trimethyl- 

8-Chloro-8-methyl-cis-8- silabicyclo [4,3,0] nonane 

1.72 

2 16.07 7H-Furo[3,2-g][1] benzopyran-7-one 

2H-Furo[2,3-H]-1-benzopyran-2-one 

9.95 

3 18.60 7H-Furo[3,2-g][1] benzopyran-7-one, 4-methoxy- 

2H-Furo[2,3-h]-1-benzopyran-2-one, 5-methoxy- 

9.76 

4 18.74 Methoxsalen 2.11 

5 18.93 7H-Furo[3,2-g][1] benzopyran-7-one, 4-methoxy- 

Methoxsalen 

15.44 

6 19.53 Pimpinellin 48.49 

7 20.53 7H-Furo[3,2-g][1] benzopyran- 7-one, 4,9-dimethoxy- 

Pimpinellin 

5.73 

8 21.38 9-Octadecenamide, (Z)- 

8-Methyl-6-nonenamide 

3.183 

9 22.13 9,12-Octadecadienoic acid (Z, Z)-, phenylmethyl ester 

9-Octadecenoic acid (Z)-, phenylmethyl ester 

1.15 

10 22.93 Benzene, 1,1'-[2-methyl-2-(phenylthio)cyclopropylidene] bis- 

(2,3-Diphenylcyclopropyl) methyl phenyl sulfoxide, trans- 

0.92 

11 23.03 Benzene, 1,1'-[2-methyl-2-(phenylthio)cyclopropylidene] bis- 

(2,3-Diphenylcyclopropyl) methyl phenyl sulfoxide, trans- 

1.49 

In a study by Asadzadeh et al., the GC–MS anal-

ysis identified 41 major chemical compounds in 

Phs. According to their findings, the most abun-

dant components of the Phs essential oil were 2,3-

dimethyl benzofuran (28.3%), cis-linalool oxide 

(7.5%), [2E]-decenal (6.6%), 4aα,7β,7aα-nep-

etalactone (6.5%), 3-oxo-p-menth-1-en-7-al 

(6.36%), and trans-β-terpineol (5.86%). The 

study also employed headspace solid-phase mi-

croextraction to isolate the Phs essential oil (10), 

while in the current study, Phs smoke was evalu-

ated by traditional consumption. The 

antimicrobial assay in the study by Shahverdi et 

al. was performed using the disc-diffusion 

method. The observed inhibition zones of differ-

ent concentrations of the smoke extract in their 

study were larger than those of the present study 

(22). This contradiction in the antimicrobial ac-

tivity may be related to a difference in the applied 

extraction methods, microorganism strains, and 

solvents. 

In the present study, the GC–MS profile and anti-

microbial activity of fHp smoke were also as-

sessed. The antimicrobial effect of fHp smoke 
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was considerably weaker than that of Phs smoke. 

Shariatifar et al. evaluated the antimicrobial ac-

tivity of Heracleum essential oil, extracted via hy-

drodistillation using a Clevenger apparatus, 

against several foodborne pathogenic bacteria. 

Their results showed antibacterial activity against 

S. aureus, Vibrio cholerae, Yersinia enterocolit-

ica, E. coli, and Salmonella, with MBC values 

(percentage of Heracleum essential oil) of 16, 16, 

64, 32, and 64, respectively (15). In the present 

study, inhibition zones were observed in gram-

negative bacteria at 100 mg/mL of fHp smoke. 

However, no antibacterial activity was observed 

in M. luteus and Listeria monocytogenes strains. 

Walasek et al. also evaluated the antimicrobial ac-

tivity of H. mantegazzianum on gram-negative 

and gram-positive bacteria using dichloro-

methane as a solvent. Seven fractions were iso-

lated using HPLC-DAD and HPLC-DAD-ESI-

TOF-MS, all of which exhibited antibacterial ac-

tivity (25). Pimpinellin and essential oils from 

fHp were important bioactive compounds that 

demonstrated essential antibacterial activity (15, 

17, 25). In our study, pimpinellin was more prev-

alent than the other compounds, and its antimi-

crobial activity may be related to it. 

Conclusion  

Although traditional medicine has a long history 

of disease prevention and health maintenance, it 

has often been underestimated. In Iranian culture, 

a mixture of Espand (Phs) and Golpar (fHp) is 

used as a traditional medicinal smoke to treat in-

fections and disinfect the environment. Based on 

the findings of previous and current studies, these 

two traditional medicinal smokes can be intro-

duced as sources of new antibacterial agents.  
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