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					ABSTRACT  

					ARTICLE INFO  

					Dittrichia graveolens is a widely distributed species with ethnopharmacological applications.  

					Despite the large bodyof literature on the biological activities and essential oil content of D.  

					graveolens, several aspects of its phytochemical composition remain unexplored. Therefore, this  

					study aimed to determine the phytochemical composition and antibacterial effects of crude  

					methanol root and leaf extracts of D. graveolens from Al-Jabal Al-Akhdar region, northeast Libya.  

					Dried roots and leaf powder were extracted with methanol using the solvent-semi-continuous  

					extraction method (Soxhlet) for 6 hours. Phytochemical screening was conducted using standard  

					qualitative methods, the chemical composition of the extracts was identified using gas  

					chromatography-mass spectrometry (GC–MS) analysis. The antibacterial activity was evaluated  

					in vitro using the agar well diffusion method. Phytochemical analysis of the extracts revealed the  

					presence of major classes of phytochemicals, including flavonoids, terpenoids, and tannins. GC–  

					MS analysis identified 20 phytoconstituents in the root extract and 25 compounds in the leaf  

					extract. The top three major compounds in the root extract were quinic acid (25.29%), beta-D-  

					glucopyranoside, methyl (10.60%), and gamma-sitosterol (8.60%), whereas the top three  

					compounds in the leaf extract were quinic acid (15.79%), ethyl alpha-D-glucopyranoside  

					(11.70%), and sucrose (9.19%). Although, the broad spectrum antibacterial activity of the crude  

					extracts was demonstrated against all test organisms, the leaf extract exhibited better antibacterial  

					activity than the root extract against most of the test bacteria. These findings highlight the potential  

					of the methanol leaf extract of D. graveolens in the development of therapeutic agents against  

					multi-drug-resistant bacteria.  
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					Apart from their use for therapeutic purposes, most Libyan populations  

					use natural and plant-based materials for culinary purposes.  

					Introduction  

					Although, The exact time when plants were first used as  

					drugs is not known, evidence suggests that plants were first used as  

					medicines about 60,000 years ago.1, 2 In the 21st century, natural or  

					plant-based products represent up to 50% of all drugs in clinical use.3–6  

					Medicinal plants have great potential in the treatment of various  

					diseases.7–9 The demand for safer and more affordable plant-based  

					medicine, pharmaceuticals, food supplements, health products,  

					nutraceuticals, and cosmetics is increasing and gaining more interest  

					among scientists worldwide.10–12 Plants are a rich source of diverse  

					metabolites that have been traditionally used for thousands of years all  

					over the world, providing safer and inexpensive therapeutic options for  

					millions of people in developing countries.13–16 Many types of  

					medicinal plants growing in Libya possess significantly important  

					curative activities and have been traditionally used for the treatment of  

					chronic diseases such as diabetes and cancer.13 They also exhibit  

					biological activities such as antibacterial, antifungal, anti-parasitic, and  

					insecticidal properties.17  

					Dittrichiagraveolens (L.), commonly known as Stinkwortsyn or  

					Inulagraveolens L. Desf, is a native Mediterraneanplant.18,19 The genus  

					Dittrichia is part of the Asteraceae family (order Asterales) and consists  

					of five species native to the Mediterranean basin, two of which have  

					spread to other regions.20Dittrichia typically grows to a height of 50 cm,  

					it is an annual plant with a powerful aroma reminiscent of camphor. It  

					occurs along roadsides, on waste ground, in humid and degraded soils,  

					and near subsalt lands.21 D. graveolens is widely used as food in  

					domestic settings and in traditional medicine. It is used for the treatment  

					of various conditions such as hypoglycemia, ischemic heart disease,  

					liver disorders, angina pectoris, gastroduodenal diseases, ulcers, skin  

					infections, migraines, and rheumatic issues, among others.22–24  

					However, it is important to note that the plant is known to be poisonous  

					to livestock and can cause allergic contact dermatitis in humans. In  

					Crete, its aerial parts are used as a component of an external preparation  

					to treat lice in chickens.23In many phytochemical studies, D. graveolens  

					has been reported to contain phenolics, flavonoids, and terpenoids such  

					as camphene, borneol, bornyl acetate, and β-caryophyllene as the most  

					prominent secondary metabolites, which possess strong antimicrobial  

					and antioxidant properties.25–27  
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					The Al-Jabal Al-Akhdar region in the northeast of Libya is renowned  

					for its rich source of medicinal plants. Throughout its long history, the  

					region has accumulated a wealth of empirical knowledge regarding the  

					use of medicinal plants for treating various infectious diseases.  

					However, many of these plants have not been thoroughly investigated  

					for their biological potential and chemical constituents. Therefore, this  

					study aimed to investigate the phytochemical composition and  

					antibacterial activity of D. graveolens.  
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					Triplicate wells were used for each extract against each of the test  

					organisms, and the mean inhibition zone diameter was calculated.  

					Materials and Methods  

					Collection and authentication of plant materials  

					The roots and leaves of D. graveolens were collected in September  

					2023from Al-Jabal Al-Akhdar region (Northeast of Libya). The plant  

					was identified at the Seliphum herbarium, Botany Department, Faculty  

					of Science, Omar Al-Mukhtar University, Al-Bayada, Libya where a  

					herbarium specimen with voucher number 13567 was deposited. Both  

					samples (roots and leaves) were washed and rinsed with distilled water,  

					dried, crushed using a mortar and pestle, and finally reduced to fine  

					particles using a mechanical blender (Bajaj GX10, India). The  

					powdered samples were then stored in airtight closed bottles before  

					being used for analysis.  

					Determination of minimum inhibitory concentration (MIC)  

					The minimum inhibitory concentration (MIC) was determined using the  

					serial dilution method described by Ijoma and Ajiwe (2022)34 with  

					slight modifications. Initially, serial dilutions were prepared for each  

					extract in decreasing concentrations in the following order: 200, 100,  

					50, 25, 12.5, 6.25, and 3.125 mg/mL. In sterile, covered glass bottles, 5  

					mL of melted double-strength Mueller-Hinton agar (MHA) cooled to  

					45°C were mixed with 5 mL of each dilution of the test plant extract to  

					achieve final serial dilutions of 100, 50, 25, 12.5, 6.25, and 3.125  

					mg/mL for each extract. The mixture was poured into sterile small petri  

					dishes, allowed to solidify, and then the bottom of each plate was  

					marked into segments. A standard loop (100 µL) of each test bacterial  

					fresh suspension adjusted with McFarland 0.5 solution was spotted onto  

					the surface of each segment of the marked MHA. The inoculums were  

					allowed to be absorbed into the agar before being incubated at 37°C for  

					18h. After the incubation period, the lowest concentration in mg/mL of  

					the plant extract that completely inhibited the growth of the bacterium  

					was considered the MIC.  

					Preparation of extracts  

					Exactly20 g each of the shade-dried and powdered plant parts (roots and  

					leaves) were extracted with methanol (250 mL) using a Soxhlet  

					apparatus for six hours. The methanol was then evaporated using a  

					rotary evaporator, and dried further in the open air.28The dried extract  

					was kept in an air-tight opaque bottles, and stored at 4°C until ready for  

					use.  

					Preliminary phytochemical analysis  

					Statistical analysis  

					Phytochemical screening of D. graveolens root and leaf extracts was  

					done following standard procedures.29–31 Both extracts were tested for  

					the presence of steroids, flavonoids, alkaloids, tannins, terpenoids,  

					anthraquinones, and saponins.  

					All data were expressed as mean ± SD (standard deviation) and all  

					statistical analyses were performed using the SPSS statistical software  

					package (SPSS Inc., Chicago, IL, USA).  

					GC–MS analysis  

					Results and Discussion  

					The compounds present in the extracts of the roots and leaves of D.  

					graveolens were determined using gas chromatography-mass  

					spectrometry (GC–MS). For the GC–MS method, an Agilent  

					Technologies 7890A GC system coupled with an Agilent Technologies  

					5975C mass spectrometry detector system, equipped with a DB-1  

					capillary column (30 m x 0.25 mm ID, film thickness 0.25 μm) was  

					used. The start temperature was 60ºC for two min, increased at a rate of  

					5ºC/min, and was ultimately maintained at 200ºC for four min. The total  

					analysis time was 34 min, and the flow rate was 1.5 mL/min with helium  

					as the carrier gas. The injector temperature was maintained at 240ºC,  

					and the mass range scanned was 3-500 m/z.32The compounds were  

					identified based on a comparison of the retention time and mass spectra  

					with the references in the NIST mass spectral library.  

					Phytochemical constituents of D. graveolens extracts  

					The results of the phytochemical screening of D. graveolens root and  

					leaf extracts are presented in Table 1. Flavonoids and terpenoids were  

					identified in both plant parts, while tannins were exclusively found in  

					the roots. Saponins, anthraquinones, and steroids were not detected in  

					either part. These findings align with that of Abu-Dahab and Afifi  

					(2007),35 which also noted the presence of terpenoids, tannins, and  

					flavonoids in the ethanol extract of D. graveolens.  

					Table 1: Phytochemical constituents of D. graveolensextracts  

					D. graveolens extracts  

					Phytochemical  

					Roots  

					Absent  

					Absent  

					Present  

					Present  

					Absent  

					Absent  

					Present  

					Leaves  

					Absent  

					Absent  

					Present  

					Present  

					Absent  

					Absent  

					Absent  

					Microbial strains  

					Alkaloids  

					Saponins  

					Terpenoids  

					Falvonoids  

					Anthraquinones  

					Steroids  

					The antibacterial properties of D. graveolens extracts (from both roots  

					and leaves) were tested against the following microorganisms:  

					Methicillin-resistant Staphylococcus aureus (MRSA), Bacillus subtilis  

					(NCTC 8236), Acinetobacterbaumannii, and Pseudomonas aeruginosa  

					(ATCC 27853). All strains were provided by the Laboratory of  

					Biomedical Science at the Faculty of Pharmacy, Omar Al-Mukhtar  

					University, Al-Bayda, Libya.  

					Tannins  

					Chemicals for antibacterial activity testing  

					Phytochemicals are natural chemical constituents that can be found in  

					plants and have the ability to positively or negatively impact health.  

					Crude extracts from plants are typically a mixture of both active and  

					non-active ingredients. Phytochemicals exhibit antibacterial activity  

					through various mechanisms. For instance, flavonoids possess a wide  

					range of biological activities, such as anti-inflammatory, antimicrobial,  

					cytostatic, anti-angiogenic, anti-allergic, analgesic, and antioxidant  

					properties.36 The antimicrobial effects of flavonoids are thought to be  

					due to their ability to form complexes with bacterial cell walls,  

					extracellular structures, and soluble proteins.36 Flavonoids and  

					terpenoids are natural compounds that serve as primary antibacterial  

					agents.37, 38 With these compounds present in D. graveolensextracts,the  

					plant has significant potential as antibacterial agent.  

					Four commercial antibiotic discs, each representing different antibiotic  

					class with a unique mechanism of action, were used as references in this  

					study. The antibiotics were Augmentin (30 μg), Cefoxitin (30μg),  

					Cefotaxime (30 μg), and Meropenem (10 μg). All antibiotic references  

					were purchased from local companies.  

					Evaluation of in vitro antibacterial activity of D. graveolens extracts  

					The in vitro antibacterial activity of the methanol extracts from the roots  

					and leaves of D. graveolens was evaluated using the agar well diffusion  

					method as described by Ijomaet al. (2023)33 with minor modifications.  

					For all bacterial strains, overnight cultures grown in broth were adjusted  

					to an inoculum size of 1.5×108 colony-forming units (CFU)/mL using a  

					0.5 McFarland standard and inoculated onto agar plates. The plates  

					were allowed to stand for five min to allow the diffusion of the extracts.  

					Then 50 μL of the extract was added to each well (7 mm diameter holes  

					were cut into the agar gel). The plates were incubated at 37℃ for 24 h,  

					and the diameters (mm) of the inhibition zones were measured.  

					Compounds identified from the GC–MS analysis of D. graveolens root  

					and leaf extracts  

					The GC-MS chromatograms of the root and leaf extracts from D.  

					graveolensare shown in Figure 1. The characterization and  
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					identification of the compounds were done based on their elution order  

					Ret.  

					time  

					5.7  

					Roo Leaf  

					t

					in a DB-1 capillary column. GC–MS analysis identified 25 compounds  

					in the leaf extract and 20 compounds in the root extract. Eight  

					compounds (1-naphthalenol, 6-chloro-4-[2-[2-(methylsulfonyl)-4-  

					Glycerin  

					‒

					1.96  

					2.18  

					‒

					1-Dodecanol  

					6.51  

					‒

					nitrophenyl]diazenyl]-1-nonadecene,  

					2,5-monoformal-l-rhamnitol,  

					ethyl.alpha-D-glucopyranoside, linoelaidic acid, gamma-sitosterol, n-  

					hexadecanoic acid, and quinic acid)were common in both leaf and root  

					extracts. The top five major compounds in the root extract were quinic  

					acid (25.29%), beta-D-glucopyranoside, methyl (10.60%), gamma-  

					sitosterol (8.60%), diosgenin (7.03%), and 9,12-octadecadienoic acid  

					(Z,Z) (6.90%).In comparison, the leaf extract containedquinic acid  

					(15.79%), ethyl.alpha.-D-glucopyranoside (11.70%), sucrose (9.19%),  

					1,4-bis(trimethylsilyl)benzene (8.42%), and 2,5-monoformal-l-  

					rhamnitol (6.66%) as the top five major compounds (Table 2).  

					Despite the increasing volume of pharmacological research that has  

					focused on the volatile oils of D. graveolens from different countries,39–  

					44 only a few studies have sought to identify the phytochemicals in the  

					roots and leaves. Interestingly, this study reports that organic  

					compounds, such as quinic acid, are major constituents that may be  

					responsible for the antibacterial activity.  

					Dodecanamide,  

					(trifluoroacetyl)-  

					Catechol  

					N-dodecyl-N- 6.75  

					2.40  

					6.9  

					1.51  

					‒

					‒

					Benzofuran, 2,3-dihydro-  

					6.91  

					7.0  

					1.12  

					1.75  

					2-Cyclohexyl-3-isopropyl-pent-4-en-2-  

					ol  

					1,2,3-Propanetriol, 1-acetate  

					1-Octanol, 2-nitro-  

					4-Hydroxy-2-methylacetophenone  

					1-Tetradecene  

					‒

					7.2  

					7.6  

					8.5  

					9.2  

					9.5  

					9.7  

					9.9  

					‒

					‒

					1.47  

					2.09  

					‒

					3.21  

					‒

					3.66  

					‒

					Protoverine  

					4.15  

					‒

					Sucrose  

					9.19  

					3.13  

					‒

					Benzenesulfonamide  

					‒

					(3-Nitrophenyl) methanol, n-propyl 10.1  

					ether  

					3.0  

					1-Nonadecene  

					Quinic acid  

					11.9  

					12.1  

					3.82 3.17  

					25.2 15.7  

					9

					9

					beta.-D-Glucopyranoside, methyl  

					Ethyl .alpha.-d-glucopyranoside  

					2,5-Monoformal-l-rhamnitol  

					12.2  

					12.4  

					12.6  

					10.6 40.0  

					0

					4

					2.50 11.7  

					0

					5.24 6.66  

					Phthalic acid, 3,5-dimethylphenyl 4- 13.9  

					isopropylphenyl  

					‒

					1.47  

					1-Hexadecanol  

					14.0  

					‒

					1.64  

					Phenol, 2-(1,1-dimethylethyl)-4-(1- 14.1  

					2.75  

					‒

					methyl-1-phe-  

					1-Octadecanol  

					14.2  

					1.99  

					‒

					1-naphthalenol,  

					6-chloro-4-[2-[2- 15.2  

					1.63 1.13  

					(methylsulfonyl)-4-  

					n-Hexadecanoic acid  

					15.9  

					2.63 4.48  

					Docosanoic acid, 1,2,3-propanetriyl 16.2  

					ester  

					1.59  

					‒

					Linoelaidic acid  

					17.3  

					17.5  

					17.8  

					‒

					3.32  

					‒

					‒

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

					Linoleic acid ethyl ester  

					6.90  

					2.19  

					‒

					Phenol,  

					2,2'-methylenebis[6-(1,1- 19.8  

					1.56  

					dimethylethyl)  

					Figure 1: Gas chromatogram of D. graveolens(A) root extract  

					and (B) leaf extract  

					Bis(2-ethylhexyl) phthalate  

					Cyclononasiloxane, octadecamethyl-  

					Neotigogenin  

					20.7  

					22.7  

					26.8  

					27.2  

					27.5  

					29.1  

					33.7  

					‒

					‒

					3.66  

					1.74  

					3.18  

					‒

					‒

					In vitro antibacterial activity of D. graveolens extracts  

					Diosgenin  

					gamma.-Sitosterol  

					Solasodine  

					7.03  

					2.98 1.48  

					The antibacterial potential of D. graveolens root and leaf extracts, as  

					well as the four standard drugs, in terms of zone of inhibition (ZOI)  

					against the four different bacterial strains, is presented in Table 3.  

					MRSA was found to be the most susceptible to the leaf extract, showing  

					a zone of inhibition (ZOI) of 21.0 mm, indicating that this pathogen is  

					more sensitive to the extracts than synthetic antibiotics. A.  

					baumanniiwasonly inhibited by the leaf extract (ZOI =16.5 mm), which  

					is greater than Cefoxitin (ZOI = 15.0 mm).  

					8.60  

					‒

					100  

					‒

					1,4-Bis(trimethylsilyl)benzene  

					Total  

					8.42  

					100  

					‒: Compound not detected  

					Table 3: Antibacterial activity of D. graveolensextracts (100  

					Table 2: The chemical composition of D. graveolensroot and  

					mg/mL)  

					leaf methanol extracts  

					Extract/drug  

					Zone of Inhibition (mm)  

					Compound Name  

					Area %  
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					promising source of compounds capable of controlling and aiding in the  

					treatment of infections caused by this pathogen.  

					A.  

					B.  

					P.  

					MRSA  

					baumannii subtilis aeruginosa  

					The antibacterial activity of D. graveolens extracts may be primarily  

					due to the presence of active ingredients like quinic acid. Quinic acid  

					has been found to be effective against several Gram-positive and Gram-  

					negative bacteria, including MRSA, B. subtilis, A. baumannii, and P.  

					aeruginosa.47Previous reports indicate that quinic acid has antibacterial  

					effects, particularly against food-borne pathogens, inhibiting S. aureus  

					by reducing membrane fluidity, damaging and inhibiting the cell  

					membrane. It has also be shown to have antibacterial effects against B.  

					subtilis and P. aeruginosa.48Quinic acid inhibits L-lysine and  

					peptidoglycan synthesis thereby disrupting cell wall synthesis.48  

					Additionally, quinic acid has been shown to prevent bacterial biofilm  

					formation against P. aeruginosa and can be used to combat P.  

					aeruginosa-related infections.49 This study suggests that quinic acid  

					may significantly contribute to the antibacterial activity and be  

					primarily responsible for the antimicrobial activity of D. graveolens.  

					20.5 ±  

					0.2  

					17.5 ±  

					Root  

					Leaf  

					‒

					10.5 ± 0.1  

					29.0 ± 0.3  

					19.0 ± 20  

					19.0 ± 0.2  

					‒

					0.1  

					21.0 ±  

					0.3  

					16.5 ± 0.1  

					‒

					20.0 ±  

					0.1  

					Aug  

					‒

					‒

					‒

					16.0 ±  

					0.1  

					Cefox  

					Cefotax  

					Mer  

					15.0 ± 0.1  

					16.0 ±  

					0.1  

					25.0 ±  

					0.2  

					‒

					‒

					Conclusion  

					8.5  

					0.1  

					±

					22.0 ±  

					0.1  

					The findings from the present study indicate that the root and leaf  

					extracts of D. graveolens contain significant quantities of  

					phytochemicals that could potentially be used for medicinal purposes.  

					This study reports that organic compound such as quinic acid, is a major  

					ingredient in D. graveolens extracts that may be responsible for its high  

					antibacterial activity. Investigation of the antibacterial activity of D.  

					graveolens extracts revealed a promising effect against certain Gram-  

					negative bacteria like P. aeruginosa, and A. baumannii. These extracts  

					could represent a significant step in the search for novel antimicrobial  

					drugs, especially at a time when there is a need for new drugs with  

					minimal side effects.  

					‒

					All values are presented as mean ± standard deviation (SD; n =  

					3), Aug: Augmentin (30µg), Cefox: Cefoxitin (20 µg), Cefot:  

					Cefotaxime (30 µg), Mer: Meropenem (10 µg), ‒: no inhibition  

					B. subtiliswasonly inhibited by the root extract (ZOI = 17.5 mm), which  

					is more than Cefoxitin (ZOI = 16.0 mm) and less than other drugs.  

					Although Augmentin, Cefotaxime, and Meropenem showed higher  

					bactericidal indices, with ZOI of 20 mm, 25 mm, and 22 mm,  

					respectively than all extracts against B. subtilis, considering the side  

					effects of these synthetic drugs, the root extract is considered the best  

					option for inhibiting this bacterium. The leaf extract was more effective  

					against P. aeruginosa (ZOI = 29.0 mm) compared to the drugs  

					Augmentin (ZOI = 19.0 mm) and Cefoxitin (ZOI = 19.0 mm).  

					Furthermore, the minimum inhibitory concentrations (MICs) were  

					determined for the bacterial isolates, and the results are displayed in  

					Table 4. The MIC values of methanol extracts of the root and leaf D.  

					graveolens ranged from 50 to 100 mg/mL. The root extract was the most  

					active against three of the test microorganisms, with MICs of 50, 100,  

					and 100 mg/mL against B. subtilis, P. aeruginosa, and MRSA,  

					respectively.  
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					Table 4: The MIC value of D. graveolens root and leaf  

					extracts  

					MIC (mg/mL)  

					Roots  

					100  

					Microorganisms  

					Leaves  

					100  

					MRSA  

					A. baumannii  

					B. subtilis  

					‒

					100  

					‒
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					P. aeruginosa  

					100  

					100  

					The crude extracts of D. graveolens were active against all bacterial  

					strains, showing a maximum ZOI of 29 mm against P. aeruginosa for  

					the leaf extract. This finding is consistent with previous studies by  

					Kormazet al. (2023)45 and Miladinovićet al. (2016)46 which also  

					reported strong activity of D. graveolensagainst P. aeruginosa. In  

					contrast, Miticet al. (2016)39 reported that D. graveolensextracts have  

					no effect on Gram-negative bacteria like P. aeruginosa. Compared to  

					the test antibiotic references, both the root and leaf extracts actively  

					inhibited MRSA, with a larger zone of inhibition than the 3rdgeneration  

					cephalosporin and Meropenem. Considering the multi-drug resistance  

					phenomenon of this bacterium, this study introduces D. graveolens as a  
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