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Abstract: Several plants are potential sources of natural antioxidants and can also stimulate or inhibit the 

germination and growth of weeds due to the production of secondary metabolites. Pulicaria odora, medicinal and 

aromatic plant, spontaneous and widespread in Morocco, is widely used by the local population for its medicinal 

properties. In this study, allelopathic effects and antioxidant activities of P. odora roots essential oil (EO), and the 

main components, at different concentrations were investigated. The EO was isolated by hydrodistillation using a 

Clevenger apparatus. GC analysis of the EO indicated the presence of 75 volatile compounds. Among them two 

accounted for 89.96 % of the oil. The EO was then subjected to column chromatography on silica gel. Two major 

constituents were isolated and identified by 1H NMR, 13C NMR as isobutyric acid 2-isopropyl-4-methyl-

phenylester and 2-isopropyl-4-methylphenol. Following the results obtained by DPPH, H2O2 and FRAP 

methods, EO and its main components possess an interesting antioxidant effect.  The significantly (p<0.05) highest 

antioxidant properties were exhibited by the phenolic compound followed by EO, whereas lowest from isobutyric 

acid 2-isopropyl-4-methyl-phenylester. The allelopathic effect of EO and its main components at different 

concentrations (7.81-500 μg/mL) was also tested against two forage species. Data obtained showed that EO, and 

its two major compounds inhibited significantly (p<0.05) seeds growth of both tested plants (M. sativa and M. 

falcata). A dose-response relationship was found in seed germination and seedling growth inhibition of the two 

tested plants. Overall, the phenolic component 2-isopropyl-4-methylphenol exhibited the highest phytotoxicity. 

Isobutyric acid 2-isopropyl-4-methyl-phenylester and EO have moderate phytotoxic effects on the growth of 

the two seeds essayed. In addition to that, results indicated that the phytotoxic effect of the EO (or its main 

compounds) also depended on the tested species. 

 

Keywords: Pulicaria odora; Essential oil; Antioxidant capacity; Allelopathic potential. 

 

1. Introduction 
 

The Pulicaria genus belongs to the Asteraceae family, 

tribe Inuleae, and is represented by more than 100 

species widespread all around the world and in the 

Mediterranean area, particularly 1. Previous 

investigations of this genus showed the occurrence of 

several secondary metabolites such as monoterpenes, 

sesquiterpenes, diterpenoids, triterpenoids, 

flavonoids, and phenolic derivatives 1-4. Various 

biological activities have been reported for some 

species of Pulicaria genus, such as antibacterial, 

antifungal, antioxidant 4-7, cytotoxic, 

anticarcinogenic, antispasmodic and antihistaminic 

properties 1.  According to Touati 8, various extracts 

from leaves and roots of Algerian P. odora, namely 

acetone, methanol, and chloroform extracts, showed 

moderate antibacterial activities against the Gram-

negative bacteria (Escherichia coli and Pseudomonas 

 aeruginosa). In contrast, the Gram-positive bacteria 

(Bacillus subtilis and Staphylococcus aureus) showed 

more sensitivity against these extracts. 

In our previous research 9, we reported that aqueous 

extract and organic extracts, namely methanol, 

dichloromethane, ethyl acetate, and butanol, from the 

roots of P. odora possessed antioxidant activity. The 

methanol, ethyl acetate, and butanol extracts exhibited 

a strong antioxidant activity and had the most potent 

scavenging ability of DPPH radical. We have also 

found that all the studied extracts from P. odora roots 

inhibited, at tested concentrations, the seed 

germination, radical and hypocotyl length of M. sativa 

and M.  falcata, thus, the tested extracts have an 

allelopathic potential 9. To our knowledge, there are 

only two reports on EO of Pulicaria odora. These two 

works reported isolation, identification, and 
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antimicrobial activities of the EO and its two major 

volatile compounds 2,3. 

The EO from the roots of P. odora showed in 

vitro antimicrobial activity on Staphylococcus 

aureus, Streptococcus pyogenes, Vibrio cholera, and 

Candida albicans 2. Also, P. odora roots EO is 

powerfully effective on Streptococcus C, Bacillus 

cereus, Enterococcus faecalis, and Pseudomonas 

vulgaris 3. P. odora roots are often used in Moroccan 

ethnomedicine to treat intestinal disorders, menstrual 

cramps, back pain, and as a popular natural remedy 

for the common cold and chills. The roots of P. odora 

are also used as a spice appreciated for its flavor to 

perfume bread and meat 2. The use of some existing 

synthetic products such as antioxidants, pesticides, 

etc. has been restricted in recent years, due to their 

potentially toxic and detrimental effects on 

agroecosystems and human health. Medicinal and 

aromatic plants are potential sources of natural 

antioxidants. They can also act positively or 

negatively by their allelopathic potential on the 

germination and growth of weeds through secondary 

metabolites such as phenolics, alkaloids, flavonoids, 

and terpenoids. In the present work, EO of P. odora 

roots was evaluated for antioxidant and allelopathic 

effects on two forage species. To the best of our 

knowledge, there is no previous report on allelopathic 

and/or antioxidant effects neither of the studied EO 

nor on its main components. 

 

2. Materials and methods 
 

2.1. Plant material 

The plant P. odora was collected from Ourika, on the 

East of Marrakech city (Morocco). Professor 

Mohammed Fennane confirmed the authenticity of 

the plant from the Scientific Institute (Rabat, 

Morocco). A Specimen (RAB No. 65346) was 

deposited in the botanic department of this Institute. 

The collected fresh root of this species was washed 

under running tap water, shade dried at room 

temperature and powdered. 

 

2.2. Extraction of essential oil (EO) 

P. odora roots (3kg) were subjected to 

hydrodistillation for 4h using a Clevenger type 

apparatus; yellow oil with a strong and pleasant 

aromatic odor was yielded. The EO was collected, 

dried over anhydrous sodium sulfate, and stored           

at -10°C in an airtight container until used. The yield 

of the oil was calculated in relation to the dry weight 

of the plant. 

 

2.3. Gas chromatography (GC) analysis 

The GC was carried out with a Thermo gas 

chromatograph (model 8000). A non-polar Hewelt-

Packard OV-17 capillary column (25 m long ×         

0.25 mm i.d., Film thickness 0.25 m) was employed 

for the analysis. The column temperature program 

was 60°C for 6 min, with 5°C increases per minute to 

150°C, which was maintained for 10 min. The carrier 

gas was helium at a flow rate of 2 mL/min (splitless 

mode). The detector and injector temperatures were 

maintained at 250 and 225°C, respectively. 

2.4. Fractionation and isolation of the major 

components of P. odora essential oil (EO) 

The EO (4.4 g) was subjected to open column 

chromatography on silica gel using n-hexane- diethyl 

ether mixtures with increasing polarity to yield 7 

fractions. Fraction II (2.47 g, 100% n-hexane) and 

fraction V (0.8 g, 100% n-hexane) gave pure known 

compounds 1 (isobutyric acid 2-isopropyl-4-methyl-

phenylester) and 2 (2-isopropyl-4-methylphenol) 

respectively, while fraction I (50 mg, 100%                       

n-hexane), fraction III (20 mg, 100% n-hexane), 

fraction IV (170 mg, 100% n-hexane), fraction VI 

(780 mg, n-hexane / diethyl ether (98:2)) and fraction 

VII (60 mg, n-hexane / diethyl ether (97:3)) were 

mixtures. The structures of pure compounds 1 and 2 

were established by 1H NMR (300 MHz, CD3Cl3) and 
13C NMR (75 MHz, CD3Cl3) data. 

 

2.5. Total phenolic content 

The total phenolic content of P. odora EO was 

evaluated using a modified colorimetric method 

described previously by Singleton and Rossi 10.       

0.50 mL of (1mg/mL) of the oil in methanol was 

mixed with 0.25mL of Folin-Ciocalteau reagent after 

that 3.0mL of distilled water was added. Immediately, 

0.75mL of sodium carbonate NaCO3 (20%) and 0.95 

mL of distilled water was added. The mixture was 

shaken well and incubated in the dark for 30 min at 

37ºC for the development of color. The absorbance 

was read at 765 nm. The measurement was compared 

to a standard curve prepared with a gallic acid solution 

(Sigma Chemical). The total phenolic content in the 

plant oil was expressed as milligrams of gallic acid 

equivalent per gram of dry weight (mg GAE/ g DW). 

 

2.6. Antioxidant assays 

2.6.1. DPPH assay 

The ability of P. odora (EO and its two major 

compounds 1 and 2) to scavenge the DPPH• radical 

was evaluated according to the method of Sudha 11 

with some modifications. 1 mL of various 

concentrations of each sample in methanol (5-100 

μg/mL) was mixed with 1 mL of 0.2 mM DPPH fresh 

solution in methanol. The mixture was shaken 

vigorously and left to stand in the dark at room 

temperature for 30 min. The absorbance of the 

reaction mixture was measured at 517 nm. Negative 

control was prepared as above, but without the P. 

odora samples and methanol was used for the baseline 

correction. Butylated hydroxytoluene (BHT) was 

used as a standard antioxidant. The percentage of 

DPPH• radical scavenging was calculated by using the 

following formula: DPPH• scavenging effect (% of 

inhibition) = (A0-A1) ×100/A0 where A0 is the 

absorbance of the control (without the sample), and 

A1 is the absorbance of the sample. Scavenging 

activity was expressed as IC50 (effective concentration 

in µg/mL of samples or standard that reduces the 

absorbance of DPPH by 50% when compared with 
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negative control). The experiment was carried out in 

triplicate. 

 

2.6.2. H2O2 radical scavenging assay 

Hydrogen peroxide scavenging activity of P. odora 

EO was estimated according to the method of Ruch 12 

with slight modifications. A solution of hydrogen 

peroxide (40 mM) was prepared in phosphate buffer 

(pH 7.4). The P. odora samples (0.4 mL) at various 

concentrations in methanol (5-100 μg/mL) were 

added to a hydrogen peroxide solution (0.6 mL). The 

reaction mixture was left to stand at room temperature 

for 10 min. The absorbance of hydrogen peroxide at 

230 nm was determined 10 minutes later against a 

blank solution containing the phosphate buffer 

without hydrogen peroxide. Ascorbic acid was used 

as the reference compound. The percentage of H2O2 

scavenging was calculated as follows: Percent 

scavenging = [(A0-A1)/A0] x 100%, where A0 is the 

absorbance of the control (without the sample), and 

A1 is the absorbance of the sample (P. odora or 

ascorbic acid). The samples concentration required to 

bring 50% of scavenging (IC50) was calculated from 

the interpolation of the curves plotted for percentage 

inhibition against the respective concentrations. 
Experiments were performed in triplicate. 

 

2.6.3. Reducing power activity (FRAP) 

Reducing the power activity of P. odora samples was 

measured according to the method of Oyaizu 13 with 

few modifications. Various concentrations in 

methanol (5- 250µg/mL) of plant samples were mixed 

with 2.5 mL of 0.2 mol/L sodium phosphate buffer 

(pH 6.6) and 1 mL of 1% potassium ferricyanide 

(freshly prepared). Total preparation was incubated in 

a water bath at 50°C for 20 min. After incubation, 2.5 

mL of 10% trichloroacetic acid was added to the 

mixture and then centrifuged at 3000 r/min for 10 min. 

The supernatant (2.5 mL) was mixed with 2.5 mL of 

distilled water and 2.5 mL of freshly prepared 0.1% 

FeCl3 and left to stand at room temperature for 10 min. 

The absorbance of the reaction mixture was measured 

at 700 nm against the blank using a 

spectrophotometer. The higher absorbance of the 

reaction mixture indicates greater reducing power. 
BHT was used as a positive control at the same 

selected concentrations and in the same operating 

conditions as the samples. The sample concentration 

at the absorbance of 0.5 was used for comparison of 

the ferric reducing power of the sample. IC50 value 

(µg/mL) is the effective concentration giving an 

absorbance of 0.5 for reducing power and was 

obtained from the linear regression analysis. All 

analysis was run in triplicate and averaged. 

 

2.7. Allelopathic activity 

The volatile oil of P. odora roots, as well as its major 

compounds 1 and 2 were tested for allelopathic 

activity on two test plants: Medicago sativa and 

Medicago s. falcata. 

The seeds of Medicago species were procured from 

Vita Maroc Company, a development partner of 

Moroccan agriculture. These tested plants were 

chosen because of their high percentage of 

germination. Also, they have a small seed that is quite 

easy to handle in a laboratory experiment. To evaluate 

the allelopathic potential of P. odora EO, various 

concentrations (7.81, 15.62, 31.25, 62.5, 125, 250, 

and 500 μg/mL) were prepared using an aqueous 

solution of Tween-20 at 0.25% (v/v) as surfactant and 

control treatment. EO has low solubility in distilled 

water. 4 ml of each concentration was added in the 

sterilized Petri dish (9 cm) contained two layers of 

filter paper (Whatman No.1) as well as 25 seeds of the 

tested plants (M. sativa and M. s. falcata). The dishes 

were sealed hermetically and incubated in the growth 

chamber for 7 days in the dark at 25°C. Distilled water 

and Tween-20 in distilled water were served as 

controls. The experiments were repeated in 3 

replicates. A few morphological characteristics, such 

as germination percentage, radicle length, and 

hypocotyl length, were determined. The inhibitory 

effect was appraised by counting the number of daily 

germinated seeds until the control stabilized, reaching 

the maximum germination. The emergence of a 

radical approximately 1 mm was taken as the index of 

germination 14,15. After 7 days, the number of seeds 

that germinated was counted and their radicle length 

and hypocotyl length were determined.  The following 

formula calculated the final germination percentage: 

Germination percentage = Number of germinated 

seeds x 100/Total number of seeds. 

Compounds 1 and 2 were dissolved in 0.5 mL diethyl 

ether, and test solutions were produced at the same 

final concentrations as the EO (7.81, 15.62, 31.25, 

62.5, 125, 250 and 500 μg / mL). The tested seeds 

were wetted with 0.5 mL diethyl ether as a control 

group. Distilled water and diethyl ether (0.5mL) in 

distilled water were served as controls. Experiments 

were repeated in 3 replicates. 

 

2.8. Statistical analysis 

All data obtained were subjected to a one-way 

analysis of variance (ANOVA) test using a statistical 

package program (SPSS version 23.0), and the 

significance of the difference between the means was 

followed by the Tukey test, using (p < 0.05 and                    

p < 0.01) as the level of importance. Correlations 

among data obtained were calculated using Pearson’s 

correlation coefficient. Data were expressed with 

mean ± standard error of three parallel measurements. 

 

3. Results and discussion 
 

3.1. GC analysis and isolation of the major 

components of P. odora EO 

Hydro-distillation of P. odora roots produced a 

yellow oil with a mean yield of 0.9 %. GC analysis of 

the EO indicated the presence of 75 volatile 

compounds. Among them, two accounted for 89.96%  

of the oil (Figure 1). 
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Figure 1. Typical gas chromatogram of P. odora roots EO 

 

The EO was then subjected to column 

chromatography over silica gel using a gradient of      

n-hexane and diethyl ether as eluents to give know 

compounds 1 and 2 with a yield of 56.14 % and     

18.18 % respectively. 

The analysis of 1H NMR and 13C NMR spectral data 

gave the total 1H and 13C assignments for these 

compounds. 

The identification of compounds 1 and 2 (Figure 2) 

was confirmed by comparison of their spectral data in 
1H NMR and 13C NMR with those previously reported 

by Ezoubeiri 2. The identity of the two peaks observed 

at 17.77 mn and 23.10 mn was confirmed by GC 

analysis under the same conditions of the two isolated 

compounds 2 and 1, respectively. 

Compound 1: Isobutyric acid 2-isopropyl-4-methyl-

phenylester (C14H20O2), yellow oil; represents 72.37% 

of the EO;  

1H-NMR (300.13 MHz, CDCl3, δ/ppm, J/Hz):  6.92 

(1H, d, J=9, H-5), 7.09 (1H, d, J=9, H-6), 7.17(1H, s, 

H-3), 1.28(6H, d, J=6.6, H-2’, H-3’), 1.40 (6H, d, 

J=6.6, H-3”, H-4”), 2.36 (3H, s, CH3), 2.91 (1H, m, 

J=6.6, H-2”), 3.06(1H, m, J=6.6, H-1’).  
13C-NMR (300.13 MHz, CDCl3, δ/ppm): 19.09 (C-3”, 

C-4”), 21.15 (CH3), 22.9 (C2’, C3’), 27.34 (C1’), 

34.37 (C2”), 121.98 (C6), 127.18 (C5), 127.24(C3), 

135.60(C4), 139.78 (C2), 145.93 (C1), 175.70 (C1”). 

Compound 2: 2-Isopropyl-4-methylphenol 

(C10H14O), yellow oil; represents 17.59% of the EO; 
1H- NMR (300.13 MHz, CDCl3, δ/ppm, J/Hz): 6.91 

(1H, dd, J=8.1; J=2.1, H-5), 6.70 (1H, d, J=8.1, H-6), 

7.07(1H, d, J=2.1, H-3), 1.31(6H, d, J=6.9, H-2’,           

H-C3’), 2.34 (3H, s, CH3), 3.27 (1H, J=6.9, H-1’), 

5.35(1H, s, OH).  
13C-NMR (300.13 MHz, CDCl3, δ/ppm): 20.76 (CH3), 

22.68 (C2’, C3’), 26.95 (C1’), 115.2 (C6), 126.98 

(C3-C5), 129.90 (C4), 134.35 (C2), 150.61 (C1). 

 
Figure 2. Chemical structures of compounds 1 (isobutyric acid 2-isopropyl-4-methyl-phenylester) and 2 (2-

isopropyl-4-methylphenol) isolated from EO of P. odora 

 

3.2. Total phenolic content and antioxidant 

activities 

The phenolic content of P. odora EO was calculated 

to be 78.25±0.26 mg EAG/g DW (dry weight). It is 

higher than that of P. inuloides EO (55.4±0.1 mg 

EAG/g DW) 16. According to Pietta 17 and Wojdylo 18, 

there is a strong relationship between phenolic content 

and antioxidant activity, as the phenols possess strong 

scavenging ability for free radicals due to their 

hydroxyl groups. Therefore, the phenolic content of 

plants may directly contribute to their antioxidant 

propriety. 

Thus, the coefficient of correlation between phenolic 

content and antioxidant activity was studied in this 

work using Pearson’s method. The obtained results 

showed a high negative correlation coefficient 

between IC50 values for DPPH/ FRAP/ H2O2 essays 

and phenolic content of EO (r = - 0.995, r = -0.997 and 

r= -0.993, respectively). 

In this study, the antioxidant activity of P. odora EO, 

and its major compounds 1 and 2 were measured 

using three different tests, namely DPPH assay, 

hydrogen peroxide (H2O2) scavenging assay and 

ferric reducing power assay (FRAP). 

The % inhibition (or absorbance) of both standards 

and samples was calculated for each concentration 

and the graphs were plotted (% inhibition or 

absorbance against concentration). From these 

graphs, IC50 values (IC50 represents the concentration 

of a sample that is required for 50% inhibition in vitro) 
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were calculated for standards and samples of P. 

odora. A lower IC50 value indicates a higher 

antioxidant activity. 

As seen in Table 1, the EO of P. odora and its main 

phenolic component 2 showed strong DPPH radical 

scavenging activity, hydrogen peroxide scavenging 

activity and ferric reducing power. The rank order of 

antioxidant potency was the same for the three assays, 

namely, in decreasing order, compound 2, followed 

by EO and compound 1. 

DPPH radical scavenging activity: the effectiveness 

of the EO and its major phenolic compound 2 to 

scavenge DPPH radical was no significant different 

(p>0.05) (Table 1). However, significant differences 

(p<0.05) were found between EO, compound 1, and 

BHT. The antiradical activities of EO and compound 

2 with IC50 values of 21. 60 μg/mL and 21.12 μg/mL 

respectively, were better than those of the compound 

1 (49.78 μg/mL) and BHT (36.10 μg/mL) (p<0.05). 

Reducing power activity: There was no significant 

difference (p>0.05) between EO and its major 

phenolic compound 2. The IC50 values of EO and 2 

were comparable and showed strong activity (16.39 

µg/mL and 15, 65 µg/mL, respectively) (p<0.05). 

Indeed, these IC50 values were less than that of the 

natural standard antioxidant. Compound 1 had a 

higher IC50 value (225.11μg/mL), which indicated its 

weak, reducing ability. 

Hydrogen peroxide scavenging assay: statistical 

analysis showed significant differences (p<0.05) were 

found between EO, compound 1, 2, and ascorbic acid. 

The phenolic compound 2 (IC50 value of 6.51 μg/mL) 

exhibited the highest antioxidant activity (Table 1) 

followed by EO (22.90 μg/mL), whereas the lower 

one was observed for compound 1. The effectiveness 

of 2 (IC50= 6.51 μg/mL) was significantly (p<0.05) 

higher than that of natural antioxidant standard               

(IC50 = 10.34 μg/mL). 

 

Table 1. Antioxidant activity of essential oil (EO) of P. odora and its main components 1 and 2 in terms of IC50 

(µg/mL) values with p < 0.05. 

Samples DPPH FRAP H2O2 

EO 21.60±0.21 16.39±0.15 22.90±0.12 

1 49.78±0.16 225.11±0.45 68.30±0.28 

2 21.12±0.06 15.65±0.13 6.51±0.05 

BHT 36.10±0.03 - - 

Ascorbic acid - 120.03±0.25 10.34±0.11 

 

The phenolic compound 2 was found to be more 

effective than the natural standard (ascorbic acid) and 

the synthetic standard (BHT).  The finding that the 

results of the DPPH and FRAP assays for plant 

extracts were highly correlated agreeing to the work 

of others, and is consistent with the view that the two 

methods share a similar mechanistic basis, which was 

a transfer of electrons from the antioxidant to reduce 

an oxidant 19. 

So far, no antioxidant activity of P. odora EO has 

been reported; therefore, no comparison is possible 

with the same species. However, there are few reports 

on the antioxidant properties of the oils from the other 

plants belonging to the same genus. 

Hussein 4 studied the antiradical capacity of aerial 

parts of P. jaubertii from Yemen; they found that 

volatile oils of this species showed high radical 

scavenging activity as revealed by its ability to reduce 

violet DPPH radicals form. Its antiradical capacity 

was well comparable to that of ascorbic acid, which is 

known for its use as a natural antioxidant. AL-Hajj 16 

reported that EO from P. inuloides roots demonstrated 

lower antioxidant activity in the DPPH assay when 

compared to gallic acid used as a standard natural 

antioxidant; the IC50 value of P. inuloides was 

calculated to be 31.18 µg/mL. Shariatifar 20 evaluated 

the antioxidant activity of Iranian P. gnaphalodes EO 

in soybean oil during the storage period. According to 

their results in DPPH assay, EO was less effective 

than synthetic antioxidant (BHT). The antiradical 

ability of EO from the aerial parts of P. arabica grown 

in Algeria was examined by Djermane 21. Results 

revealed that the percent inhibition of free radical 

DPPH for the EO is deficient, almost zero compared 

to that of ascorbic acid at all used concentrations. 

These authors report that the low antioxidant activity 

of the EO of P. arabica can be explained by its weak 

chemical profile of compounds known for their 

antioxidant potential, such as phenolic compounds. 

Many previous studies reported that the antioxidant 

capacity of plant extracts could be attributed to the 

total phenolic content 9,22-24. Hanbali et al. 3 reported 

the presence in the EO of Moroccan P. odora roots of 

other phenolic constituents such as carvacrol and 

cresol (2.78% and 0.03% of total oil, respectively). On 

the other hand, Zefzoufi 9 reported that methanol, 

ethyl acetate, and butanol extracts of P. odora exert a 

powerful antiradical effect (DPPH essay). Their 

radical scavenging activities with IC50 values of             

4 μg/mL, 5μg/mL and 4 μg/mL, respectively, thus 

were better than that of P. odora EO (21.60 μg/mL) 

and the phenolic compound 2 (21.12 μg/mL). 

Thus, in the present study, the high antioxidant 

activity of 2 is possibly related to its chemical 
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structure as a phenol derivative. This may also explain 

the reduced capacity of compound 1. As a result of the 

literature, the antioxidant properties of EOs are related 

to their content of phenolic compounds and terpenes 

with conjugated double bonds, which act as donors of 

hydrogen or/ and electron, and to their different 

concentration level in these essential oils 25. Thus, all 

volatile compounds identified in EO of P. odora by 

Hanbali et al. 3 might be contributing to the potent 

antioxidant ability of this EO. 

Our results revealed a good relationship between the 

antioxidant activity of the EO and that of the phenolic 

constituent 2. Interestingly, this phenolic component 

has been shown to have antimicrobial activity 

Ezoubeiri 2, while compound 1 was inactive for all 

tested strains. Consequently, the antioxidant activity 

of the EO of P. odora could be related in large part to 

the presence of this phenolic component in high 

quantity (17.59%). To conclude, we can say that our 

results show a vital antioxidant capacity of the EO of 

P. odora from Morocco, which was well comparable 

in DPPH/Reducing power essays to that of its main 

phenolic constituent 2 (2-isopropyl-4-methylphenol). 

 

 
 

Figure 3. Allelopathic effect of EO and compounds 1 and 2 from P. odora on germination percentage of 

Medicago sativa (A) and Medicago s. falcata (B) at different concentrations 

 

 
 

 

Figure 4. Allelopathic effect of EO and compounds 1 and 2 from P. odora on roots growth of Medicago sativa 

(A) and Medicago s. falcata (B) at different concentrations 

0

50

100

7.81 15.62 31.25 62.5 125 250 500

G
er

m
in

at
io

n
 

p
er

ce
n
ta

g
e 

(%
)

Concentration (µg/mL)

EO 1 2

0

50

100

7.81 15.62 31.25 62.5 125 250 500

G
er

m
in

at
io

n
 

p
er

ce
n
ta

g
e 

(%
)

Concentration (µg/mL)

EO 1 2

0

50

100

7.81 15.62 31.25 62.5 125 250 500

In
h
ib

it
io

n
 p

er
ce

n
ta

g
e 

(%
) 

o
f 

ro
o

ts
 g

ro
w

th
 

Concentration (µg/mL)

EO 1 2

0

50

100

7.81 15.62 31.25 62.5 125 250 500

In
h
ib

it
io

n
 

p
er

ce
n
ta

g
e 

(%
) 

o
f 

ro
o

ts
 g

ro
w

th

Concentration (µg/mL)

EO 1 2

A 

 

A 

 

B 

 

B 

 



Mediterr.J.Chem., 2020, 10(6)     M. Zefzoufi et al.           614 

 

 

Figure 5. Allelopathic effect of EO and compounds 1 and 2 from P. odora on hypocotyls growth of Medicago 

sativa (A) and Medicago s. falcata (B) at different concentrations 
 

3.3. Allelopathic potential 

In this study, the EO of Moroccan P. odora and its 

major isolated constituents 1 and 2 were also 

investigated for the first time for their allelopathic 

activities at various concentrations. Two Moroccan 

forage plants were used as test plants: M. sativa and 

M. s. falcata. The allelopathic potential of the EO and 

its main components 1 and 2 against M. sativa and M. 

falcata was illustrated in Figures 3-5. 

Data depicted in Figure 3 showed that EO, 

compounds 1 and 2 inhibited seed germination of both 

tested plants; a dose-response relationship was found 

in seeds germination inhibition of the two tested 

plants; the inhibition effect increased with an increase 

in the concentration of the chemical samples. At 7.81 

µg/mL, it was found that only 2, inhibited seed 

germination of M. sativa and M. falcata by 49.73% 

and 17.83%, respectively. The EO and compound 1 

showed no significant effect (p>0.05). 

The EO and compound 1 did not affect the 

germination a lot (Figure 3). Generally, the 

germination of the two types of seeds was less 

sensitive to these two samples. For example, at a dose 

of 250 µg/mL, EO and compound 1 inhibited               

M. falcata by 27.90% and 14.54% while M. sativa 

was affected by 14.97% and 17.14%, respectively. 

At the highest dose tested (500 µg/mL), phenolic 

compound 2 exhibited the highest inhibitory 

allelopathic effect on tested plants, 98.8% and 

97.97%, almost 100%. While EO and compound 1 

inhibited seed germination of M. sativa by 20.8% and 

31.6%, respectively, which is lower than values 

showed for M. falcata (42.8% et 44.2%, respectively), 

at 500 µg/mL. Overall, results showed that EO and 

compound 1 were more active on seed germination 

inhibition of M. falcata than that of M. sativa. In 

contrast, compound 2 inhibited significantly (p<0.05) 

seed germination of M. sativa more than M. falcata at 

all tested concentrations. 

In terms of seedling growth, results (Figures 4-5) 

showed that at 500 µg/mL concentration of P. odora 

samples, the inhibitory effect on the tested plants was 

maximum compared to that at 7.81 µg/mL 

concentration. Indeed, inhibition activity on seedling 

growth parameters (radical and hypocotyl length) 

significantly (p<0.05) increased gradually with the 

increase in the concentrations of P. odora samples. 

Overall, the best inhibitory activity in root and 

hypocotyl length on M. sativa and M. falcata was 

observed for phenolic constituent 2 at all 

concentrations. 

For root elongation (Figure 4), at low concentration 

(7.81 µg/mL), phenolic compound 2 showed high 

percentages of inhibition on M. sativa and M. falcata, 

70.50% and 68.52%, respectively. In contrast, both 

EO and compound 1 showed a low level of inhibition 

on M. sativa (14.30% and 18.10%) and M. falcata 

(12.04% and 13.89%). The inhibitory effect of 

phenolic compound 2, on the two forage plants, was 

better than that observed for the EO or compound 1 at 

all the concentrations. Also, the results indicate that 

compound 1, was more effective than EO in root 

length inhibition on M. falcata at concentrations 

ranging from 15.62µg/mL to 500µg/mL. In the case 

of M. sativa, compound 1, when compared to EO 

showed high percentages in root development 

inhibition at concentrations ranging from 125µg/mL 

to 500µg/mL. 

In the matter of hypocotyl length, results (Figure 5) 

showed that the three samples tested were more active 

on the hypocotyl growth of M. falcata than M. sativa. 

Compound 2 still was the most effective on the tested 

plants, while the EO showed the lowest inhibition 
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percentages in the growth of hypocotyl at all 

concentrations. 

Looking at all the effects of these tested natural 

samples, phenolic component 2 exhibited 

significantly (p<0.05) the highest phytotoxicity on              

M. sativa and M. falcata. Compound 1 and EO have 

moderate phytotoxic effects on the seed germination 

of the two seeds essayed when compared to 

compound 2. In terms of seedling growth, EO and 

compound 1 at high concentrations (250 and 

500µg/mL) reduced radicles and hypocotyls length by 

strong percentages. 

Compound 2 was more active on the root growth of 

both plants than on seed germination. However, the 

seed germination of M. falcata was less sensitive to 

inhibition by 2 than M. sativa. In the matter of radicle 

and hypocotyl elongation, compound 2 affected both 

tested plants, in a similar way. Moreover, roots 

seemed to be more sensitive to the phytotoxic activity 

of phenolic compound 2 than hypocotyls. Our result 

endorses earlier studies which reported that hypocotyl 

growth is less sensitive to allelochemicals than root 

growth 26-28. The most sensitivity of roots was 

probably because the roots were in direct contact with 

the extract. 

Similarly, the seedling growth was more sensitive to 

the phytotoxic activity of the volatile oil and 

compound 1 than seed germination:  the process of 

germination was active while the EO and compound 

1 probably affected the elongation process. Our 

results seem in agreement with those obtained by De 

Martino 26. Also, according to Azirak 29, seeds that 

germinated in the presence of essential oils usually did 

not develop normally. 

Overall, our results revealed that the EO and its two 

main components 1 and 2 showed an excellent 

allelopathic effect against the two forage species at 

concentrations of 7.81- 500 µg/mL in terms of seed 

germination, root length and hypocotyl growth. These 

findings were in agreement with those of earlier 

studies wherein volatile oils emanating from diverse 

aromatic plants, as well as their components, were 

reported to possess a phytotoxic effect against a wide 

range of weeds and crops species 26,30- 35. 

Based on previous work 36,37, and in agreement with 

our research, several essential oils or their compounds 

showed different inhibitory effects against plants, 

which were dose-dependent and also species-

dependent. Treated plant seeds revealed differences in 

their responses towards the studied P. odora samples. 

Previous research on the phytotoxic activity of more 

than 70 monoterpenes in the vapor phase 38 and/or in 

a petri dish contact experiment 39,40 showed that 

monoterpene alcohols and ketones were the most 

active, followed by aldehydes, ethers, and phenols. 

Acetates of monoterpene alcohols and hydrocarbons 

were the least phytotoxic. Also, De Martino 26 

reported that carvacrol, thymol, p-cymene, and        

1,8-cineole inhibited the seedling growth of the seeds, 

but they did not affect their germination. 

Similarly, Azirak 29 has assessed the inhibition of six 

weed seeds germination by carvacrol, thymol, 

carvone, and limonene at four different concentrations 

(500, 250, 125, and 62.5 µg/ml). Results revealed that 

limonene was a less toxic compound on weed species, 

while carvacrol gave a lower germination rate among 

the four components. Obtained results also indicated 

that only Alcea pallida showed resistance to all 

components.  

Similar results were found in the present study; the 

inhibitory effects of 1 on seed germination and 

seedling growth of two plant species tested were 

lower than those of 2. 

Compound 2 is one carvacrol/thymol isomer. The 

highest phytotoxic potential of compound 2 is 

possibly related to its chemical structure as a phenol 

derivative. This may also explain the low inhibitory 

effect of compound 1. According to Kordali 39, 

alcohol derivatives of oxygenated monoterpenes were 

more phytotoxic than their acetate derivatives, and 

this can be attributed to the high solubility in water of 

alcohols that are polar compounds as compared with 

acetates. 

Angelini 33 and Azirak 29, report that the phytotoxic 

potential of different essential oils was attributed to 

their main constituent especially oxygenated 

monoterpenes. Oxygenated monoterpenes, mainly 

alcohols, and ketones have been classified by other 

authors as indicators of the herbicidal activities of 

essential oils 41-43. Also, Rolli 44 revealed that higher 

contents of monoterpene alcohols, aldehydes, and 

phenylpropanoids in an EO might be predictors of 

higher inhibitory effect. 

In our case, EO showed the lowest phytotoxic activity 

on the tested seeds. EO of P. odora contained 

isobutyric acid 2-isopropyl-4-methyl-phenylester (1) 

and 2-isopropyl-4-methylphenol (2) as major 

components (72.37% and 17.59% respectively). 

Previous research on P. odora EO showed the 

occurrence of other oxygenated monoterpenes such as 

carvacrol, 1,8-cineole, linalool, camphor, and                

α-terpineol, as minor oxygenated monoterpenes 3. 

Many plant essential oils rich in carvacrol and/or 

thymol have been reported to possess high herbicidal 

effects against the germination and seedling growth of 

weeds and cultivated crops 30. De Martino 26 reported 

that carvacrol, thymol, p-cymene, and 1,8-cineole 

inhibited the seedling growth of the seeds, but they did 

not affect their germination. 

In the same way, other authors 39,45 previously 

reported that 1,8-cineole and camphor have strong 

phytotoxic effects against various plant species. At the 

same time, linalool 46,47, and α-pinene 45-47 are known 

as high inhibitors of seed germination and seedling 

growth. 
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Therefore, our EO, to a certain extent, supported the 

above rule probably because its second main 

constituent is one thymol isomer, which was 

previously reported as being highly effective against 

the germination of different weed and crop seeds 26-29. 

However, in our research, the phytotoxic effect of the 

EO was lower than that of its two major compounds, 

namely 1 and 2. 

According to Synowiec 36, both the major and minor 

constituents, as well as their proportions, play an 

important role in the final phytotoxicity of an EO. 

In the case of bioactivity of EOs, many authors agree 

that although the major components are vital for their 

biological activity, the minor components also play a 

significant role because of their additive and 

synergistic effects. The same authors reported that 

antagonistic effects have also been observed 24,48. 

From our viewpoint, this is the same in the case of the 

phytotoxic activity of EO of P. odora. Its low 

phytotoxic activity is probably related to antagonistic 

effects of its chemical constituents. In fact, in the case 

of complex mixtures such as essential oils, the final 

inhibitory effect may result from the interactions 

(synergistic or antagonistic) of particular      

compounds 49. Thus, as proved by Vokou 49, 

monoterpenoids tested in pairs on seed germination 

can act independently or show both synergistic and 

antagonistic effects. 

 

4. Conclusion 
 

To the best of our knowledge, this is the first report 

on antioxidant and allelopathic effects of P. odora 

roots EO (and/or its two major components). The 

presented data show that the EO and its main 

compounds possess an antioxidant activity. 

Following the results obtained by reducing power, 

H2O2 and DPPH methods, the highest antioxidant 

properties are exhibited by 2-isopropyl-4-

methylphenol followed by EO, whereas the 

lowest activity has been seen in isobutyric acid        

2-isopropyl-4-methyl-phenylester. The anti-

oxidant activity of 2-isopropyl-4-methylphenol, 

which was well comparable in DPPH / Reducing 

power assays to that of EO, was found to be better 

than those of the natural standard (ascorbic acid) 

and the synthetic standard (BHT). Therefore, our 

results confirm the potential use in the food 

industry of EO of P. odora roots as a food flavor, 

natural antioxidant and a preventive agent for 

many diseases caused by free radicals. Indeed, for 

organoleptic, technical and microbiological 

reasons, the use of the essential oils as food 

additives improve clearly the sensory and health 

quality of foods, enhance their antioxidant 

stability and prolong their shelf-life.  On the other 

hand, our results provide plausible evidence that 

P. odora as a medicinal and aromatic plant is 

potentially promising resource of “eco-friendly” 

bio-herbicide. While the least phytotoxic was the 

EO and /or isobutyric acid 2-isopropyl-4-

methyl-phenylester, the second isolated 

compound from this EO inhibited strongly the 

seed germination and seedling growth of two 

forage plants Medicago sativa and Medicago 

falcata. Thus, it was proved that in the case of 

complex mixtures such as EOs, the final 

phytotoxic effect may result from both synergistic 

and antagonistic interactions of its particular 

compounds. In our experiment, we also proved 

that the inhibitory effect of an EO (or its particular 

compounds) depends not only on the tested doses, 

but also on the tested plants. 
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