
   Available free online at www.medjchem.com 

          Mediterranean Journal of Chemistry 2020, 10(6), 577-584 

 

*Corresponding author: Imane Zalegh               Received Februry 17, 2020 

Email address: zalegh.imane@gmail.com               Accepted March 17, 2020 

DOI: http://dx.doi.org/10.13171/mjc10602006231292iz         Published June 23, 2020 

 

 

Chemical composition and antibacterial effect of Smyrnium 

olusatrum L. Fruit Essential Oil 
 

Cherif Hamida Saida 1, Zalegh Imane 2,*, Saidi Fairouz 1, Benmanssour Nabahat 1, M. Carmen González-

Mas 3, M. Amparo Blázquez 3, Ait Mhand Rajaa 2 and Akssira Mohamed 2 

 

  1 Laboratory of de Biotechnology, Environment and Health, Department of Biology, Faculty of Natural and 

Life Sciences. University Blida-1, Road from Soumâa, Po Box 270, 09000, Algeria 
2 Laboratory of Physical Chemistry and Bioorganic Chemistry / Research Unit Microbiology, Hygiene & 

Biomolecule, Laboratory of Virology, Microbiology, Quality & Biotechnology / Ecotoxicology and 

Biodiversity.  Faculty of Sciences and Technologies of Mohammedia, University Hassan II Casablanca 

Morocco, Po box 146- 28800 Mohammedia Morocco 
3 Departament de Farmacologia, Facultat de Farmàcia, Universitat de València, Avd. Vicent Andrés Estellés s/n 

46100 Burjassot, Valencia, Spain 

 

 

Abstract: The plants of the Apiaceae family are mainly used for food purposes and their multiple therapeutic 

properties and biological activities. This study aims to determine the chemical composition of Essential Oil (EO) 

of the fruits of Smyrnium olusatrum L. obtained by hydrodistillation in Clevenger-type apparatus. GC/MS 

analyzed the EO and the antibacterial activity was evaluated against clinical bacterial strains by two 

complementary methods (Disc diffusion and micro-atmosphere) and determination of Minimal Inhibitory 

Concentration (MIC). The results of chemical composition show that the EO is dominated by hydrocarbon 

monoterpenes (55,95%). The antibacterial effect shows that Gram-positive bacteria are the most sensitive to the 

inhibitory action of EO with inhibition zone diameters (DZI) ranging from 18 to 20 mm for Staphylococcus 

aureus and Streptococcus faecium strains. The same results were reported with the micro-atmosphere method. 

Likewise, MIC has been determined for Gram-positive bacteria and show activity at a dilution of 1/100.  
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1. Introduction   
 

The genus Smyrnium L. (Umbelliferae is also known 

as Apiaceae family) consists of seven species widely 

distributed throughout the world; they generally 

prefer temperate regions 1. Smyrnium olusatrum L., 

is an umbellifer of this family, commonly known as 

Alexanders or wild Celery, is a biennial herb, stout, 

glabrous 2. Leaves are 2-3-pinnate, dark green, and 

glossy 1. It was probably used in prehistory, then 

became very popular during the time of Alexander 

the Great (fourth century BC) when it was widely 

cultivated as a vegetable, and the Romans for its 

culinary properties also ate it. The latter introduced it 

into central and Western Europe, including the 

British Isles, where it is now wholly naturalized. 

As a consequence of the changing tastes in the 

Western world and the introduction and 

domestication of common celery (Apium graveolens 

L.) actually, S. olusatrum is considered an 

overlooked horticultural crop 3. 

Several approaches concerned the study of the 

phytochemical composition of the genus Smyrnium, 

especially on the olusatrum species roots, stems, 

leaves, and fruits 1,4–8. Besides culinary uses, this 

plant was employed as medicinal during the Greek 

and Roman ages; the roots were used as 

antiscorbutic, stomachic and antiasthmatic the juice 

of the root for its aromatic, appetite stimulant, 

diuretic and laxative properties, the fruits as and the 

stems as a depurative antiscorbutic, diuretic, 

stomachic, laxative 6,7,9. Many types of research have 

proved the benefic effects of S. olusatrum 

antileishmanial agent 10, insecticidal agent 11. 

Recently the Isofuranodiene isolated from EO of S. 

olusatrum showed a potential activity as mosquitos 

larvicidal agent against Culex quinquefasciatus 12, 

antifungal agent 13–15, acaricides agent (neuritogenic 

activity in vitro) 9, recently F. Maggiet al and R. 

Petrelli et al demonstrated respectively that 

isofuranodiene isolated from S. olusatrum have an 

inhibitor of DHFR (DiHydro Folate Reductase) from  
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Escherichia coli, and an inhibitor effect against 

Trypanosoma bruceiand 3,16. Also, the Essential Oil 

(EO) of S. olusatrum has been reported to possess 

good antiproliferative activity against different cell 

lines 2,3,17,18, antioxidant activity, and α-amylase 

inhibition 1,17. One study found that isofuranodiene 

showed hepatoprotective effects in induced liver 

injury in rats 9. On the other hand, some research has 

focused on the nutritional value of S. olusatrum in 

terms of protein, fibre, fatty acids, and carbohydrates 
8. In Morocco, wild Celery is used by the local 

population as a condiment and spice 19, and for 

traditional medical purposes 20.  

Considering the biological potential for S. olusatrum 

fruit EO, and to our best knowledge, this is the first 

Moroccan study aiming the investigation of the 

chemical composition of the essential oil of fruits of 

S. olusatrum, and in the light of our interest in 

finding new alternative therapeutic against resistant 

bacteria that cause serious infectious diseases; the 

antibacterial activity of our EO was evaluated 

against clinical strains.  

 

2. Experimental  
 

2.1. Plant material  

The aerial part of Smyrnium olusatrum was collected 

in the Mohammedia region (Morocco) in April 2011 

and was air-dried in the shade at room temperature. 

The powder of dried fruits was the subject of our 

work. 

 

2.2. Extraction of the essential oil 

A 154 g of dried powder of fruit was extracted by the 

Clevenger-type apparatus for 3 hours. The oil 

obtained has a whitish appearance and a 

characteristic odor of the S. olusatrum. The essential 

oils were weighed and stored at 4ºC in a sealed 

brown vial until chemical and biological assays 21. 

 

2.3. Chromatographic analysis 

GC/MS analysis was performed on a thermal mass 

spectrometer (trio1000 model) coupled to thermal 

gas chromatography (8000 model) (Fisons 

Instruments) equipped with a non-polar Hewlett-

Packard OV-17 capillary column (25 m long x 0.25 

id mm, film thickness 0.25 um). The temperature 

program of the column was 60°C for 6min, with an 

increase of 5°C per minute to 150°C; and maintained 

for 10 minutes. The carrier gas was helium at a flow 

rate of 2 ml/min (splitless mode). The temperature of 

the detector and injector was maintained at 250 and 

225°C, respectively. The quadruple mass 

spectrometer was scanned in the range of 28 to 400 

amu at an s-1 analysis, with an ionization voltage of 

70 eV and an ionization current of 150 μA. Kovats 

retention indices (RI) were calculated using co-

Chromatography normalization hydrocarbons. The 

individual compounds were identified by MS 

spectra, and their identity was confirmed by 

comparing their indices for C8-C23 n-alkanes 

retention and mass spectra with those of authentic 

samples or with data already available in the NIST 

library and literature 22. 

 

2.4. Antimicrobial activity 

2.4.1. Bacteria strains  

The antibacterial activity of essential oil was tested 

against bacterial strains, including both Gram-

positive and Gram-negative. All microorganisms 

tested were isolated from patients admitted in the 

Infectious Department of the hospital “Boufarik 

Hospital, Algeria.” The isolation and identification 

of all strains were performed by using physiological 

and morphological methods. The sensitivity of the 

essential oil was tested against five clinical Gram-

negative bacteria (Proteus mirabilis, Klebsiella 

pneumonia, Citrobacter freundii, Escherichia coli, 

and Klebsiella pneumonia producing extended-

spectrum β-lactamase (ESBL)) and two Gram-

positive bacteria strains Staphylococcus aureus and 

Streptococcus faecium. 

 

2.4.2. Inoculum preparation 

All clinical strains were stored at -20°C in Broth 

BHI/Glycerol. Pure colonies (2–3) were chosen from 

fresh cultures (24 h) from an appropriate culture agar 

(Mac Conkey for Gram-negative strains, Chapman 

for S. aureus, and Mueller-Hinton for S. feacium). A 

first suspension was prepared in sterile distilled 

water, having 0.5 McFarland turbidity (the 

suspensions contained 108 CFU/mL of bacteria). For 

the test, a dilution of 1/100 was used for final 

inoculum concentrations of 106 CFU/mL bacteria. 

The antibacterial properties of the EO were studied 

using two techniques: Disc-diffusion agar and 

Micro-atmosphere method for determining the zone 

of inhibition, and microdilution assay for 

determining the Minimum Inhibitory Concentration 

(MIC). 

 

2.4.3. Micro-atmosphere method 

We performed this test in order to evaluate the 

antibacterial activity of the volatile oil against both 

Gram-positive and Gram-negative bacteria. The 

bacterial inoculum was inoculated to the surface of 

Mueller-Hinton medium agar with sterile cotton 

swabs. 2.5 µL of EO was placed on a filter paper 

disc in the center of the cover of the Petri dish, which 

is incubated with an inverted lid 23. The dishes were 

rapidly sealed with parafilm to avoid the evaporation 

of the EO. The presence or absence of the growth 

was noted after incubation of the bacteria at 37°C for 

24 h. 

 

2.4.4. Disc-diffusion assay 

The antibacterial activity of the essential oil was first 

determined by a diffusion method according to the 

Clinical and Laboratory Standards Institute (CLSI) 

for bacteria and yeasts testing 24. 1mL of each 

bacterial inoculum was inoculated to the surface of 

Mueller-Hinton medium agar with sterile cotton 
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swabs. The sterile discs (6 mm diameter) were 

impregnated with 2.5 µL of S. olusatrum EO. Then 

all discs were left on medium for complete diffusion 

of the EO. Before incubating Petri dishes at 37°C, 

they were left for 1 hour at room temperature.  

Amoxicillin (25 µg/disk), Amoxicillin+acid 

clavulanic (20/10 µg/disk), Cefoxitin (30 µg/disk), 

Cefotaxime (30 µg/disk), Cefalexin (30 µg/disk) and 

Trimethoprim-Sulfamethoxazole(1.25-23.75µg/disk) 

served as positive reference standards to determine 

the sensitivity of bacterial strains tested and to 

compare the inhibitory action of the EO with positive 

controls. All these antibiotics were tested on the 

surface of Mueller-Hinton medium inoculated with 

bacterial strains in the same conditions of EO. All 

inoculated plates were incubated at 37°C for     24 h. 

Antimicrobial activity was evaluated by measuring 

the zone of inhibition against the tested organisms.  

 

2.4.5. Determination of the minimum inhibitory 

concentration (MIC) 

The antibacterial activity of the EO was also 

evaluated by a microdilution method by determining 

the minimum inhibitory concentration (MIC). The 

MIC was measured only for Gram-positive bacteria 

(Staphylococcus aureus and Streptococcus faecium). 

The inoculate were prepared in broth cultures, and 

suspensions were adjusted to 0.5 McFarland standard 

turbidity. MICs were determined according to 

Demetzos et al. (1995), with slight modifications 20. 

1 mL of EO was first diluted with 9 mL of solution 

A which contain (2.5mL of Tween 80+90mL of 

distilled H2O), and then serial of three-fold were 

made between 1/10, 1/100 and 1/1000. Bacterial 

inoculum was prepared from fresh colonies in 

Mueller-Hinton Broth medium, and 13.5 μL were 

added to each test tube as well as the control tube, 

and then 1.5 mL of each solution was added. All 

tubes were incubated at 37°C with agitation for      

24 hours. After incubation, the tubes were 

centrifuged at 5000g for 5 minutes at 20°C.  

The MIC of the tested EO was established as the 

lowest sample concentration to prevent visible 

growth. 

The three methods used for the determination of the 

antibacterial activity of the essential oil were 

performed in triplicate in three different experiments. 

 

3. Results and Discussion  
 

3.1. Composition of the EO of wild Celery 

A total of 32 different compounds accounting for 

84.03% of S. olusatrum essential oil, were identified 

by GC/MS analysis. Components are clustered 

(Table 1) in homologous series of monoterpene 

hydrocarbons, oxygenated monoterpenes, 

sesquiterpene hydrocarbons, oxygenated 

sesquiterpenes, and aromatic compounds and listed 

according to Kovat’s retention index calculated in 

GC on apolar HP-5MS column. Monoterpene 

hydrocarbons (55.95%) with 10 identified 

compounds were the main phytochemical group 

found in the essential oil obtained from the fruits of 

S. olusatrum collected in Mohammedia region 

(Morocco.) β-Pinene (24.96%), followed by            

β-phellandrene (21.85%), α-pinene (5.43%) and 

myrcene (2.67%) were the principal components of 

this fraction. The other monoterpene hydrocarbons 

were found in percentages lower than 1%. Similar 

content of monoterpene hydrocarbons was found in 

the essential oils from green and ripe fruits of          

S. olusatrum harvested from Lewes (England) but 

with quantitative differences between the main 

compounds. β-phellandrene was the principal 

component of the essential oil from the green 

(33.20%) and ripe fruits (26.94%) followed by high 

amounts of α-pinene (8.61 and 12.45%, respectively) 

instead of β-pinene, which only reached percentages 

of 1.46% and 4.18%, in green and ripe fruits, 

respectively 4. Oxygenated sesquiterpenes were the 

next quantitative phytochemical group in the 

essential oil here analyzed. Germacrone (8.41%) and 

the furane derivative curzerene (8.21%) were the 

leading identified compounds of this fraction, 

Germacrone was previously found in different 

species of the genus Smyrnium, such as S. olusatrum, 

S. creticum and, so it can be considered as a 

chemotaxonomic marker 8. Curzerene (27.3%, 

25.0%, and 21.3%) was the main compound of the 

essential oils from the ripe fruits of S. olusatrum 

collected in three localities of the Appennino 

UmbroMarchigiano (Italy), followed by α-pinene 

(16.8%, 16.0%, and 12.0%) and β-phellandrene 

(15.0%, 6.1%, and 8.3%). Again β-pinene, the main 

compound in the essential oil here analyzed reached 

less (2.5%, 4.3%, and 7.1%) percentages 5. Among 

the oxygenated sesquiterpenes in the essential oil 

here analyzed, a large amount (1.20%, 1.26%, and 

9.97%) of unidentified furanosesquiterpenoids was 

found. The content of furanosesquiterpenoids was 

higher by supercritical CO2 extraction than by 

hydrodistillation process in wild S. olusatrum 

samples from Portugal and Italy 14. Hydrodistillation 

in a Clevenger-type apparatus for 6 h resulted in a 

high content of the furanosesquiterpenoids 

isofuranodiene (24.6% and 26.7%),                                  

1β-acetoxyfuranoeusdesm-4(15)-ene (31.0% and 

16.5%) and curzerene (5.0% and 6.6%) in green and 

ripe fruits samples collected in San Giusto (Italy) 6. 

1β-Acetoxyfuranoeusdesm-4(15)-ene was also the 

main compound in the essential oils of S. olusatrum 

collected in 18 localities to five different regions 

(Marche, Umbria, Abruzzo, Tuscany and Latium) of 

Italy 8 as well as in ripe fruits collected in Greece 

(1β-acetoxyfuranoeusdesm-4(15)-ene, 30.8%).  
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Table 1. Chemical composition of EO of Smyrnium olusatrum L. fruits. 

RI Compound 
S. olusatrum 

Peak area (%) 

Monoterpene hydrocarbons 55.95 

931 α-Thujene 0.15 

939 α-Pinene 5.43 

953 Camphene 0.05 

979 β-Pinene 24.96 

993 Myrcene 2.67 

1005 α-Phellandrene 0.60 

1012 δ-3-Carene 0.06 

1031 β-Phellandrene 21.85 

1053 trans-β-Ocimene 0.10 

1090 Terpinolene 0.08 

Oxygenated monoterpenes 2.46 

1101 Linalool 0.19 

1123 trans-p-Mentha-2,8-dien-1-ol 0.15 

1139 trans-Pinocarveol 0.05 

1140 trans-p-Mentha-2-en-1-ol 0.17 

1165 Pinocarvone 0.05 

1179 Terpinen-4-ol 0.15 

1184 Cryptone 0.50 

1190 α-Terpineol 0.81 

1208 trans-Piperitol 0.05 

1242 Cumin aldehyde 0.05 

1381 Geranyl acetate 0.29 

Sesquiterpene hydrocarbons 8.12 

1390 β-Elemene 1.65 

1437 -Elemene 1.11 

1454 α-Humulene 0.08 

1485 Germacrene D 0.55 

1509 β-Bisabolene 0.47 

1524 δ-Cadinene 0.26 

1561 Germacrene B 4.00 

Oxygenated sesquiterpenes 17.38 

1500 Curzerene 8.21 

1590 cis-β-Elemenone 0.76 

1695 Germacrone 8.41 

Aromatic compounds 0.12 

1258 2-Penylethyl acetate 0.12 

 
Total 84.03 

RI, retention index relative to C8-C32 n-alkane on HP-5MS column. 
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However, in unripe infructescence, curzerene with a 

percentage of 29.7% was the main 

furanosesquiterpenoid 25. Germacrone, the main 

oxygenated sesquiterpene in the essential oil here 

analyzed, was found to be one of the main 

constituents in the inflorescences from both Italy 

(5.2-41.5%) 8 and Greece (curzerene 38.1% and 

germacrone 20.2%) 25.  

Comparing our data with previous studies, the EO 

composition of the fruits of S. olusaltrum showed an 

obvious similarity, characterized by a predominance 

of monoterpenes, with slight quantitative differences 

in marker compounds. Indeed, although all these 

countries are different, they all belong to the 

Mediterranean region. Moreover, the published data 

relating to the chemotype of aromatic plants support 

the influence of genotypes as well as ecotypes     

(light, precipitation, growing site, and nature of the 

soil (pH, constituents) seasonal variation), but also 

the age and part of plant 26–29. 

 

3.2. Antibacterial activity 

The micro-atmosphere test is based on the action of 

volatile compounds, which can significantly inhibit 

the growth of some bacteria. Few studies have 

analyzed the effect of the volatile phase of EO on the 

growth of microbial strains; however, the role of 

essential oils in the vapor phase as antimicrobial 

agents is gaining increasing significance 30. The 

results of the antibacterial activity of the essential oil 

of S. olusatrum L. are recorded in Table 2 and shows 

that all Gram-negative bacteria continued to 

multiply, showing resistance to S. olusatrum EO, but 

Gram-positive were completely inhibited. The 

volatile phase of EO is, therefore, more active 

against Gram-positive strains. This is consistent with 

the work of Quassinti et al., which reported that 

essential oil extracted from Italian S. olusatrum was 

not active on Gram-negative, especially                   

P. aeruginosa and E. coli (diameter=6mm) 6. Also, 

most previous studies on essential oils have shown 

that Gram-positive bacteria are generally the most 

sensitive to the vapor phase inhibitory action of 

terpenoid molecules 31. However, some exceptions 

have been reported in the literature, indicating that 

there is no apparent link or positive correlation 

between the nature of the bacterial wall and the 

degree of inhibition of the microbial strains 32. The 

results we have obtained in the micro-atmosphere, 

particularly against S. aureus and S. faecium suggest 

the possibility of using this volatile phase of EO as 

an atmospheric disinfectant in the pharmaceutical or 

food industries or against airborne contamination in 

hospitals. 

This result is related firstly to the nature of some 

volatile substances contained in EO that inhibit the 

growth of the most bacteria during the period of 

incubation. In point of fact, according to Belletti et 

al. (2004), the antibacterial power of EO is attributed 

to its various components such as terpenes, alcohols, 

aldehydes, and esters 33. On the other hand, the 

nature of the bacterial cell wall is directly related to 

the result. 

  

Table 2. Evaluation of the antibacterial activity of EO of S. olusatrum, by micro-atmosphere and disc diffusion. 

Microorganism Diameter of Zone Inhibition (mm) 

 MA DD Controls positive (antibiotics discs) 

   AMC AM CN FOX CTX SXT 

 
Gram-negative bacteria 

Proteus mirabilis + 9 20 24 12 18 20 10 

Klebsiella pneumonia + 

 

 

 

9 20 07 12 10 20 20 

Klebsiella pneumonia 

(ESBL) 
+ 8.5 11 07 15 17 10 10 

E. coli (ESBL) + 9 11 07 22 24 10 22 

Citrobacter freundii + 8 20 06 22 24 20 22 

Gram-positive bacteria 

Staphylococcus aureus - 18    07 08  

Streptococcus faecium - 20     07  

MA: Micro-atmosphere (2.5µL); DD: Dsic-diffusion (2.5µL); (+): Bacterial growth; (-): Inhibition; ESBL: 

Extended-Spectrum β-Lactamase; AM: Amoxicillin (25 µg); AMC: Amoxicillin/acid clavulanic (20/10 µg); 

FOX: Cefoxitin (30 µg); CTX: Cefotaxime (30 µg); SXT: Trimethoprim/Sulfamethoxazol (1.25/23.75 µg); CN: 

Cefalexin (30 µg). Diameter of disc (6 mm). 

 

Table 2 lists the diameters of the inhibition zones 

around the discs containing the EO extracted from 

fruits. As regards to the spectrum of action, it should 

be noted that the essential oil of S. olusatrum L. has 

a weak action against Gram-negative strains (DZI 

between 8.5 mm and 9 mm), but has an intense effect 
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against Gram-positive bacteria, with inhibition halos 

between 18 mm for S. aureus, and 20 mm for S. 

faecium. These results are consistent with the 

previous study, which correlated the activity of EO 

to bacterial cell wall 31–33. Gram-negative bacteria 

have a two-membrane cell wall encompassing a 

periplasmic space that contains enzymes, which are 

capable of degrading terpenoid molecules and, 

therefore, avoiding their entry into the cell. Contrary 

to Gram-positive bacteria, which have a single layer 

wall, so are more rapidly inhibited. 

The comparison of the activity of EO and the 

positive controls showed that some antibiotics such 

AM or FOX and CTX are less effective against some 

strains tested than the EO. This is an exciting 

finding, especially the good activity of the EO 

against S. aureus and S. feacium, which are involved 

in a large number of nosocomial infections. It’s 

important to underline that these two strains are 

characterized by severe virulence and a severe 

problem of resistance to the main antibiotics. 

Another consideration is their capacity, especially S. 

aureus, to survive for a long time in the Hospital 

environment by forming biofilms (Table 2). 

The determination of MIC was only used for species 

that have shown a high sensitivity to EO by disc-

diffusion method and micro-atmosphere assay. Four 

different concentrations of EO were tested (Table 3). 

Our data clearly indicate that the three first 

concentrations (stock solution (10.000 µg/mL), 1000 

µg/mL, 100 µg/mL inhibit the growth of both Gram-

positive bacteria tested. In contrast, the 10 µg/mL 

dilution does not affect any of them. 

Therefore, the MICs for both Gram-positive strains 

are in the order of 10 µg/mL. Overall, our results 

concerning the excellent activity of the EO against 

Gram-positive bacteria, determined by the three 

methods used, correlate well with literature           

data 13–15,34,35.  

We also find, as reported by the previous study, that 

the antimicrobial activity of the Eos, tested by 

determining MIC, is due to the predominance of 

monoterpene hydrocarbons in their chemical 

composition 36–38. These later represent 55,95% with 

β-Pinene founded in great amount (24.96%); they are 

responsible for the increase in the membrane fluidity, 

causing the outflow of intracellular components 

followed by the death of microorganisms. It also 

possible that minority compounds act synergistically. 

The value of essential oil, therefore, depends on all 

its components, and not only on the majority of 

compounds 31. 

 

Table 3. Minimal inhibitory concentration (MIC) of EO from S. olusatrum against two microorganisms. 

Strains 
Stock solution 

10.000ug/mL 

Dilution 1/10 

1000ug/mL 

Dilution 1/100 

100 ug/mL 

Dilution 1/1000 

10ug/mL 

 
Staphylococcus aureus - - - + 

Streptococcus faecium - - - + 

(-): Absence of growth; (+): Presence of growth; MIC: Minimum Inhibitory Concentration 

 

4. Conclusion 
 

Our work contributes to a reconsideration of the 

species S. olusatrum L., especially for her activity 

against two Gram-positive S. aureus and S. faecium, 

the pathogens that cause serious infections and have 

a remarkable ability to acquire resistance to a wide 

range of antibiotics complicating treatment of these 

infections.  

Our results are integrated with all the research aimed 

at promoting and valorization of this neglected 

species, and shed light on the possible application of 

its essential oil not only as an atmospheric 

disinfectant for pharmaceutical and food industries 

but also as a natural alternative therapy. Further 

studies need to be performed for identifying 

bioactive molecules. 
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