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	Pistacia lentiscus L is a widely distributed species with ethnopharmacological uses. Despite the large body of literature on its anti-inflammatory, antioxidant, and anticancer activities, several aspects of its biological activities remain unexplored. This study aimed to investigate the antimicrobial potential of chloroform and methanol crude extracts of P. lentiscus fruit and to characterize the chemical composition of these crude extracts. The microorganisms employed were four bacteria strains, namely,Staphylococcu aureus,Bacillus subtilis, Escherichia coli, and Pseudomonas aeruginosa, and one fungus Candida albicans. The susceptibility of microorganisms against the two extracts was determined using the disk diffusion method. Preliminary phytochemical screening showed the presence of saponins and terpenoids in both extracts. Alkaloids, tannins, and flavonoids were found only in methanol extract, whereas coumarins and steroids were found only in chloroform extract. The chloroform and methanol extracts were analyzed using gas chromatography-mass spectroscopy (GC-MS), which showed the presence of many biologically important compounds. The major compounds identified in chloroform extract were phenol,3-pentadecyl (36.21%), benzene,1-(1,1-dimethylpropoxy)-4-methyl (14.53%), and isobutyl-3-methylpyrazine (9.17%). In comparison, the major compounds identified in methanol extract were 1,2,3-benzenetriol (24.4%), benzoic acid,3-hydroxy (22.69%), and quinic acid (20.41%). Methanol extract exhibited significant activity against S. aureus (22 mm), B. subtilis (19 mm), P. aeruginosa (17 mm), E. coli (15 mm), and C. albicans (8 mm). Whereas chloroform extract exhibited moderate inhibitory activity only against C. albicans (10 mm). The findings of this study indicated that the fruit of P. lentiscuspossesses various secondary metabolites having the potential for developing antibacterial agents. 
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Introduction
Public health problems have increased rapidly due to the increasing rate of infectious diseases, and the interest in using medicinal plants to fight against the growth of pathogenic strains such as fungi and bacteria is increasing. 1 Due to many artificial antibiotics being more expensive and showing serious side effects, people’s attention is turned to herbal medicine. 2, 3 According to the World Health Organization (WHO), nearly 80% of the population in developing countries relies mainly on traditional medicine for their healthcareneeds, of which a major portion involves the use of plant extracts. 4 Worldwide, many studies are running to verify the therapeutic effects and safety of some medicinal plants, and it has been referred to their secondary metabolites as having different health-promoting bioactivities. 5, 6
P. lentiscus is a deciduous fruit of the Anacardiaceae family. It is widely distributed in Mediterranean countries like Libya, Morocco, Tunisia, and Algeria. 7 The Green Mountain region, especially the outskirts of Al-Bayda city (northern east of Libya), is rich in wild-growing trees of P. lentiscus,whosefruits are usually eaten by residents after roasting them on fire.
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Different parts of this plant (e.g., fruits, leaves, and roots) have been used widely to treat various diseases and ailments. The most marked biological effects are its antibacterial, 8, 9 antioxidant, 10, 11 anti-inflammatory 12, and anticancer activities. 13, 14 Moreover, essential oils from different parts (e.g., fruits, leaves, roots) of P. lentiscus inhibited the growth of many and various bacteria and fungi strains as reported in a review article elsewhere. 15
Besides, its use in traditional medicine, P. lentiscus has been employed in the food, spices, cosmetic, and pharmaceutical industries. 16-18 Its extracts contain various medicinally necessary compounds such as polyphenols, oleanane, alpha-tocopherol, and euphane. 19 Essential oil obtained from leaves turned out to contain γ-cadinene (6.48%), germacrene (12.05%), and β-caryophyllene (31.38%). 20 In the literature, there is some work reported by authors on different parts of P. lentiscus summarized in a recent review article reported elsewhere. 21 P. lentiscus has received growing attention globally for its chemical composition and medicinal value. However, only limited information is available on P. lentiscus grown in Libya. Therefore, the aim of this work was to identify the chemical composition of Libyan plant P. lentiscus fruit using GC-MS and determine its antimicrobial activity.
 
Materials and Methods
Plant material
Fresh fruit of P. lentiscus were collected in August 2022 from the Green Mountain Region in the Northern East of Libya. The plant was authenticated and identified by a Botanical specialist; Dr. Hussein Altagori at the Department of Plants, Faculty of Science, Benghazi University, where a herbarium specimen (No 2561) was deposited. The fruit was washed with water, dried in the shade then grounded into small pieces using an electrical grinder.
 
Microbial strains
The antibacterial activity of P. lentiscus fruit extracts was tested against the following microorganisms: Bacillus subtilis (NCTC 8236), Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922), and Pseudomonas aeruginosa (ATCC 27853), whereas the antifungal activity was tested against Candida albicans (ATCC 7596). All microorganism strains were provided by the Medicinal and Aromatic Plants Institute, National Center for Research, Khartoum, Sudan. To prepare a microbial suspension, the bacterial strains were cultured overnight at 37 °C in nutrient agar, while the fungal organism was cultured for three days at 37 °C using potato dextrose agar. The next day, the growth was harvested, dissolved in normal saline, and calibrated with 0.5 MacFarland solution to prepare for the sensitivity assay.
 
Preparation of fruits extracts
For qualitative and quantitative comparison, the grounded fruit (20 g) was extracted using a semi-continuous extraction method (Soxhlet) for six hours with two solvents, chloroform and methanol. The organic solvent was evaporated by the rotary evaporator and further dried under open air. Finally, the percentage of each extract was calculated (w/w%) stored in a dark bottle, and kept at 4°C until analysis or evaluated for antibacterial activity as described as follows:
 
Phytochemical screening
Preliminary phytochemical screening of secondary metabolites such as alkaloids, anthraquinones, coumarins, flavonoids, saponins, steroids, tannins, and terpenes was carried out according to the standard phytochemical methods.22
 
GC-MS analysis
Chloroform and methanol extracts of P. lentiscus fruits were analyzed using a Shimadzu GC-MS (Model QP2010-Ultra, Japan) equipped with Rtx-5MS capillary column (30 m × 0.25 mm × 0.25µm). An electron ionization system with an ionization energy of 70 eV was used to detect the chemical constituents. Helium was used as a carrier gas at a flow rate of 1.61 ml/min, and the mass transfer line and injector temperature were set at 250 and 300 °C, respectively. The temperature program was started from 60 °C with a rate of 10 °C/min to 300 °C as the final temperature degree with 10 minute hold time. The sample (1 μl) was injected in the split mode with a split ratio of 120:1, the delay time was 2 min and the total running time was 29 min. 23 Identification of constituents for the sample was achieved by comparing their retention index and mass fragmentation patents with those available in the library, the National Institute of Standards and Technology (NIST).
 
Antibacterial activity
The antibacterial activity of fruit extracts was tested using the agar disc diffusion method. 24 The test was conducted in sterile Petri dishes (60 mm diameter) containing 20 ml Muller Hinton agar medium. Briefly, the suspension of the tested microorganism (0.1 ml of 107 CFU/ml) was spread on the Muller Hinton agar. A volume of 20 µl of each extract absorbed on sterile paper discs was placed on the previously inoculated media surface. One filter paper disc was placed per Petri dish to avoid a possible additive activity. One filter paper disc was placed per Petri dish in order to avoid a possible additive activity. Every dish was incubated at 37 °C for 24 hours, followed by measuring the zone diameter of the inhibition expressed in mm. All the tests were conducted in triplicate and the data were presented as the mean values with their standard deviation. The measurement scale was as follows: zone < 9 mm had weak inhibitory performance, zone of 10-12 mm had a moderate inhibitory effect, and zone of ≥ 13 mm had strong growth inhibition activity.24
 
Antifungal activity
The antifungal activity of fruit extracts was determined by the disc diffusion method using a Sabouraud dextrose agar medium. The process was maintained as in the above antibacterial method, with only one difference in incubation time which lasts for three days.
 
Statistical analysis
The results obtained in this study were analyzed using SPSS software (SPSS Statistical Version 22). All values presented are mean values ± standard deviation of triplicates (n = 3), obtained from three separate experiments. The one-way ANOVA and post hoc multiple comparison tests (Scheffe) were performed to examine the differences among the groups. A P value of < 0.05 was considered to be statistically significant.
 
Results and Discussion
Extraction yields
Yields of the extracts are expressed in percentage and refer to the dry weight of the plant material used (20 g). The yield of the methanol extract was 19.2%, whereas chloroform yield was 16%. For quantitative comparison, the yield obtained by methanol was higher than that extracted by chloroform. The extraction yield was used to indicate the effects of the solvents used. The polarities of the solvents influence the different yields of extract. 25 Several studies have reported variations in the chemical composition of extracts prepared using different solvents. Thus, it is necessary to select the suitable solvent based on the chemical properties of the analytes, sample matrix properties, efficiency, matrix-analyte interaction, and desired properties. 26
 
Phytochemical screening
Preliminary phytochemical screening of the extracts showed the presence of various phytochemicals, including alkaloids, coumarins, flavonoids, saponins, tannins, and terpenoids. No anthraquinone was detected in both of the extracts tested (Table 1). Methanol and chloroform extracts both showed the presence of higher amounts of terpenoid compounds. They also showed the presence of saponins by the formation of a 1.5 cm thick foam layer in the test tube. Methanol extract also confirmed the presence of flavonoids. In comparison, chloroform extract confirmed the presence of coumarins. When compared to the chloroform extract, the abundance of alkaloids in the methanol extract was evidenced by the formation of a strong yellow precipitate in the test tube by Hager’s test. Phytochemical analysis by Mohammed et al. 27 revealed the presence of alkaloids, coumarins, flavonoids, saponins, tannins, and terpenoids in P. lentiscus fruit extract, which agrees with our results (Table 1).
 
GC-MS analysis
Figure 1 shows the spectrum of compounds detected from the GC-MS analysis. The GC-MS analysis indicated the presence of 16 and 17 compounds in the chloroform and methanol extracts, respectively, which included a wide range of phytochemicals, including fatty acids, phenolics, heterocyclic, aromatics, terpenes, hydrocarbons, and phytosterols. The identity, molecular formula (MF), retention time (RT), and area % observed for each compound were expressed in Table 2.
 
Table 1: Preliminary phytochemical screening of fruit extracts
 
	Phytochemical test
	Methanol extract
	Chloroform extract

	Alkaloids
	+ 
	–

	Anthraquinones
	–
	–

	Coumarins
	–
	+

	Flavonoids
	+
	–

	Saponins
	+
	+

	Steroids
	–
	+

	Tannins
	+
	–

	Terpenoids
	+ 
	+ 


+: present; ++: moderately present; +++: strongly present; –: absent
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Figure 1: Gas chromatogram of chloroform (A) and methanol (B) extracts of P. lentiscus fruit using GC-MS
 
The major compounds identified in chloroform extract were, phenol,3-pentadecyl (36.21%), benzene,1-(1,1-dimethylpropoxy)-4-methyl (14.53%), isobutyl-3-methyl pyrazine (9.17%), isoamyl-6-methylpyrazine (8.56%), lup-20(29)-en-3-one (5..86%), butyl-3-methylpyrazine (4.59%), indole, 2-pentadecyl-3-phenyl (3.92%) and α-sitosterol (3.26%). Whereas the major compounds identified in methanol extract were, 1,2,3-benzenetriol (24.4%), benzoic acid,3-hydroxy (22.69%), quinic acid (20.41%), catechol (4.51%), 2-cyclohexen-1-one (4.18%), and 1,2-cyclohexanedione (3.8%).
The abundance of terpenoids compounds such as neogammacer-22(29)-ene, lup-20(29)-en-3-one, α-acorenol, α-muurolene, ß-copaene, carene, α-terpinene, in P. lentiscus extract indicate for many health benefits such as antiviral, anticancer, anti-inflammatory, antimicrobial, anti-allergenic, antihyperglycemic, antispasmodic, antiparasitic, and immunomodulatory properties. 28-31 There are remarkable differences in the chemical composition of Libyan P. lentiscus fruit with previous studies regarding the same species growing in Tunisia, 32 Algerian, 33 or elsewhere. For example, Libyan P. lentiscus contains a high proportion of phenol,3-pentadecyl (36.21%) compared to Tunisian P. lentiscus which contains only 14.11% phenol,3-pentadecyl. The composition of certain substances may significantly increase or decrease under specific environments. 34 It is demonstrated that medicinal plants that grow in various environments produce different active substance contents because of their wide distribution in different geological zones. 35 This will result in variations in their internal quantities in the same species from different growing countries, 36 making the quantities assessment of widespread species P. lentiscus extremely crucial.
 
Antimicrobial activity
The results of the antimicrobial activity of methanol and chloroform extracts of the fruits of P. lentiscus tested against different pathogenic microorganisms are represented in Table 3. Methanol extract exhibited significant activity against S. aureus(22.3 mm), B. subtilis (19.1 mm), P. aeruginosa (17.3 mm), E. coli (15.4 mm), and C. albicans (8.0 mm). Although the inhibitory activity showed by the chloroform extract was moderate against the fungus C. albicans (10.0) mm), this extract could not inhibit the growth of all tested bacteria.
Generally, Gram-negative bacteria are almost less sensitive to the antibacterial agents of plant sources. 37 Our current investigation revealed that fruit methanol extract possessed a significant antibacterial effect and mainly inhibited the proliferation of Gram-positive bacteria, especially S. aureus (22.3 mm). A possible explanation for this observation may be associated with the significant structural differences between Gram-positive and Gram-negative bacterial cell walls, as the latter possess an outer membrane and a unique periplasmic space. 38, 39 In addition, tannins and alkaloids which were detected in abundance in methanol extract, may be responsible for the high antibacterial activity of the methanol extract (Table 2). Tannins are well known for their antibacterial activity and astringent property. 40 Whereas, alkaloids are a large and structurally diverse group of compounds with significant antibacterial properties. Recently, the antibacterial activity of alkaloids has been extensively evaluated in biomedical investigations. Research on the antibacterial mechanism of natural alkaloids reveals that they can disrupt the bacterial cell membrane, 41 affect the DNA function, 42 and inhibit protein synthesis. 43
In a previous study, Bendifallah et al. 44 investigated the chemical constituents and antibacterial activity of crude extract of P. lentiscus grown in Algeria and found that the crude extract was high in tannins, flavonoids, and saponins. Furthermore, the extract had strong antimicrobial activity against some species. Missoun et al. 45 also confirmed that the methanol extract of P. lentiscus exhibited a significant zone of inhibition against S. aureus and E. coli, and the extract contains alkaloids, flavonoids, saponins, glycosides, tannins, steroids, and terpenoids.
 
Conclusion
The overall result of this study concluded that methanol extract exhibited significant activity against S. aureus (22 mm), B. subtilis (19 mm), P. aeruginosa (17 mm), E. coli (15 mm), and C. albicans (8 mm). In comparison, chloroform extract exhibited moderate inhibitory activity only against C. albicans (10 mm). The phytochemicals profile of the studied methanol and chloroform extracts showed that P. lentiscus fruit is a rich source of alkaloids, saponins, terpenoids, tannins, flavonoids, coumarins,and steroids. Furthermore, evaluating the active constituents responsible for the antibacterial activity requires extensive investigation.
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Table 2: GC-MS analysis of P. lentiscus fruits chloroform and methanol extracts
 
	No
	Compound name
	Area%
	RT

	Chloroform
	Methanol

	1
	2-Pentenal, (E)-
	–
	2.17
	4.28

	2
	Phenol
	–
	2.46
	4.37

	3
	1,2-Cyclohexanedione
	–
	3.8
	4.58

	4
	2-Cyclohexen-1-one
	–
	4.18
	4.86

	5
	Pyran-4-one, 2,3-dihydro-3,5-dihydrox
	–
	1.71
	6.68

	6
	Benzoic acid
	–
	1.5
	7.16

	7
	Catechol
	–
	4.51
	7.68

	8
	5-Hydroxymethylfurfural
	–
	0.50
	7.96

	9
	1,2,3-Benzenetriol
	–
	24.4
	10.44

	10
	Methyl-trans-2,trans-4-hexadienrdioic a
	–
	1.45
	11.33

	11
	Benzoic acid, 3-hydroxy-
	–
	22.69
	12.13

	12
	Nonadecene 
	0.33
	–
	13.72

	13
	Quinic acid
	–
	20.41
	13.77

	14
	Shikimic acid
	–
	2.4
	14.28

	15
	Hexadecanoic acid
	0.83
	2.25
	15.12

	16
	Behenic alcohol 
	0.43
	–
	15.74

	17
	Octadecadienoic acid 
	3.09
	2.16
	16.76

	18
	p-cresyl isovalerate
	1.29
	–
	18.55

	19
	Epoxycyclooctene,5,5-dimethyl
	1.16
	–
	20.04

	20
	Isobutyl-3-methylpyrazine 
	9.17
	–
	20.12

	21
	Isoamyl-6-methylpyrazine 
	8.56
	–
	20.20

	22
	Benzene,dimethylpropoxy)-4-methyl
	14.53
	–
	20.25

	23
	Phenol,3-pentadecyl
	36.21
	0.3
	21.68

	24
	Butyl-3-methylpyrazine 
	4.59
	–
	21.79

	25
	Benzoimidazolyl,trichlorophenylpropanol
	1.44
	–
	22.51

	26
	Indole, 2-pentadecyl-3-phenyl- 
	3.92
	–
	22.65

	27
	α-sitosterol 
	3.26
	0.17
	26.75

	28
	Neogammacer-22(29)-ene
	2.43
	–
	27.19

	29
	Lup-20(29)-en-3-one 
	5.86
	–
	27.35


―: Compound not detected or detected in minor trace ˂ 0.3%
 
Table 3: Antibacterial activity of P. lentiscus fruits extracts (100 mg/ml) against tested microorganisms strains by disc diffusion method.
	Microorganism
	Inhibition zone mm

	Chloroform
	Methanol
	Positive control

	B. subtilis (+)
	0.0 a
	19.1 ± 1.4 b
	29.7 ± 2.4

	S. aureus (+)
	0.0 a
	22.3 ±2.1 b
	31.8 ± 3.0 c

	E. coli (–)
	0.0 a
	15.4 ± 1.1 b
	31.4 ± 2.3 c

	P. aeruginosa (–)
	0.0 a
	17.3 ± 1.4 b
	39.3 ± 1.1 c

	C. albicans
	10.0 ± 71
	8.0 ± 1.1
	26.1 ± 1.2 c


Data are expressed as the mean ± standard deviation of three separate experiments; means with the different letters in the same row are significantly different at (p ˂ 0.05). Positive control for antibacterial activity ciprofloxacin (30 µg/ml) and for antifungal activity fluconazole (30 µg/ml).
 
Authors’ Declaration
The authors hereby declare that the work presented in this article is original and that any liability for claims relating to the content of this article will be borne by them.
 
 
Acknowledgments
The authors gratefully acknowledged the botanist of the Department of Plants, Faculty of Science, Benghazi University, Libya for the plant identification. We also acknowledged the efforts of the Medicinal and Aromatic Plants Research Institute, National Center for Research, Khartoum, Sudan for providing the laboratory facilities to perform the antimicrobial activity.
 
References
Suliman MB, Awatif AM. Antibacterial activity and fatty acid composition of Sudanese castor bean (Ricinus communis L) seed oil. AJMAP. 2018; 4: 4, 1-8.
Sassi AB, Harzallah-Skhiri F, Aouni M. Investigation of some medicinal plants from Tunisia for antimicrobial activities. Pharm. biol. 2007; 45(5): 421-428.
Odonkor ST, Addo KK. Bacteria resistance to antibiotics: recent trends and challenges. Int. J. Biol. Med. Res. 2011; 2(4): 1204-10.
Suliman MB, Awatif AM. Determination of sennosides A and B in Sudanese medicinal plant senna alexandrina pods and leaves using reverse-phase high performance liquid chromatography. AJMAP. 219; 5: 39-45.
Ugboko HU, Nwinyi OC, Oranusi SU, Fatoki TH, Omonhinmin CA. Antimicrobial importance of medicinal plants in Nigeria. Sci. World J. 2020; 7059323. doi: 10.1155/2020/7059323
Ibrahim SR, Bagalagel AA, Diri RM, Noor AO, Bakhsh HT, Mohamed GA. Phytoconstituents and pharmacological activities of Indian Camphorweed (Pluchea Indica): A multi-potential medicinal plant of nutritional and ethnomedicinal importance. Molecules. 2022; 27(8): 2383. Doi: 10.3390/molecules27082383
Abdelhakim B, Inès CC, Houda M, Ilhame B, Abdeslam E, Hajiba F, Abdelaziz B, Nadia D, Youssef B. Could volatile compounds from leaves and fruits of Pistacia lentiscus constitute a novel source of anticancer, antioxidant, antiparasitic and antibacterial drugs?. Ind Crops Prod. 2019; 128: 62-69.
Bakli S, Daoud H, Amina Z, Nouari S, Asma B, Soufiane G, Oumaima N. Antimicrobial and antioxidant activities of flavonoids extracted from Pistacia lentiscus L., Leaves. J. Drug Deliv. Ther. 2020; 10: 83-89.
Salhi A, Bellaouchi R, El Barkany S, Rokni Y, Bouyanzer A, Asehraou A, Amhamdi H, Hammouti B. Total phenolic content, antioxidant and antimicrobial activities of extracts from Pistacia lentiscus leaves. Casp. J. Environ. Sci. 2019; 17: 189-198.
Amel Z, Nabila BB, Nacéra G, Fethi T, Fawzia AB. Assessment of phytochemical composition and antioxidant properties of extracts from the leaf, stem, fruit and root of Pistacia lentiscus L. Int. J. Pharmacogn. Phytochem. Res. 2016; 8: 627-633.
Remila S, Atmani-Kilani D, Delemasure S, Connat JL, Azib L, Richard T, Atmani D. Antioxidant, cytoprotective, anti-inflammatory and anticancer activities of Pistacia lentiscus (Anacardiaceae) leaf and fruit extracts. Eur. J. Integr. Med. 2015; 7: 274-286.
Bouriche H, Saidi A, Ferradji A, Belambri SA, Senator A. Anti-inflammatory and immunomodulatory properties of Pistacia lentiscus extracts. J. Appl. Pharm. Sci. 2016; 6: 140-146.
Pacifico S, Piccolella S, Marciano S, Galasso S, Nocera P, Piscopo V, Fiorentino A, Monaco P. LC-MS/MS profiling of a mastic leaf phenol enriched extract and its effects on H2O2 and Aβ (25-35) oxidative injury in SK-B-NE (C)-2 cells. J. Agric. Food Chem. 2014; 62: 11957-11966.
Siano F, Cutignano A, Moccia S, Russo GL, Volpe MG, Picariello G. Phytochemical characterization and effects on cell proliferation of lentisk (Pistacia lentiscus) berry oil: A revalued source of phenolic. Plant Foods Hum. Nutr. 2020; 75: 487-494.
Mir MA, Bashir N, Alfaify A, Oteef MDY. GC-MS analysis of Myrtus communis extract and its antibacterial activity against Gram-positive bacteria. BMC Complement Med Ther. 2020; 20(1): 86. doi: 10.1186/s12906-020-2863-3
Dellai D, Souissi H, Borgi W, Bouraoui A, Chouchane N. Antiinflammatory and antiulcerogenic activities of Pistacia lentiscus L. leaves extracts. Ind Crops Prod. 2013; 49: 879-882.
Koutsoudaki C, Krsek M, Rodger A. Chemical composition and antibacterial activity of the essential oil and the gum of Pistacia lentiscus var. chia. J. Agric. Food Chem. 2005; 53(20): 7681-7685.
Iauk L, Ragusa S, Rapisarda A, Franco S, Nicolosi VM. In vitro Antimicrobial activity of Pistacia lentiscus L. extracts: preliminary report. J Chemother. 2013; 8(3): 207-209.
Ostovan M, Fazljou SMB, Khazraei H, ArajKhodaei M, Torbati M. The Anti-inflammatory effect of Pistacia Lentiscus in a rat model of colitis. J Inflamm Res. 2020; 13: 369-376.
Chalchat JC, Garry RP, Michet A. Essential oils of Myrtle (Myrtus communis L.) of the Mediterranean Littoral. J Essent Oil Res. 1998; 10(6): 613-617.
Sehaki C, Jullian N, Ayati F, Fernane F, Gontier E. A Review of Pistacia lentiscus polyphenols: Chemical diversity and pharmacological activities. Plants. 2023; 12(2): 279. Doi: 10.3390/plants12020279
Aiyegoro OA, Okoh AI. Preliminary phytochemical screening and in vitro antioxidant activities of the aqueous extract of Helichrysum longifolium DC. BMC Complement Altern Med. 2010; 10: 21. Doi: 10.1186/1472-6882-10-21
Suliman MB, El-Hddad S. Characterization of chemical constituents of Adansonia digitata L. using GC-MS and LC-MS/QTOF and their in vitro anti-cervical cancer effects. Trop J Nat Prod Res. 2023; 7(6): 3191-3197.
Eltawaty S, Omar MEA, Almagboul AZ, Boforwa SM. Antimicrobial activity of leaves and bark of Libyan Capparis spinosa subsporientalis (Duh.) Jafri. AJMAP. 2018; 4(2): 42-56.
Ahmed A, Alkarkhi AFM, Hena S, Khim LH. Extraction, separation and identification of chemical ingredients of Elephantopus scaberl using factorial design of experiment. Int. J. Chem. 2009; 1(01): 36-49.
Suliman MB, Azhari HN, Mashitah MY, Abdurahmn HN, Palaniselvam K, Yuvaraj AR, Mazza SA. Fatty acid composition and antibacterial activity of Swietenia macrophylla king seed oil. Afr. J. Plant Sci. 2013; 7(7): 300-303.
Mohammed B, Kaoutar E, Mostafa El I, M'barek C. A comparative study on phytochemical screening, quantification of phenolic contents and antioxidant properties of different solvent extracts from various parts of Pistacia lentiscus L, J. King Saud Univ. Sci. 2020; 32(1): 302-306.
Rabi T, Bishayee A. Terpenoids and breast cancer chemoprevention. Breast Cancer Res Treat. 2009; 115: 223-239.
Wagner KH, Elmadfa I. Biological relevance of terpenoids. Overview focusing on mono-, di- and tetraterpenes. Ann NutrMetab. 2003; 47:95-106.
Sultana N, Ata A. Oleanolic acid and related derivatives as medicinally important compounds. J Enzyme Inhib Med Chem. 2008; 23: 739-756.
Shah BA, Qazi GN, Taneja SC. Boswellic acids: a group of medicinally important compounds. Nat Prod Rep. 2009; 26: 72-89.
Mekni N. GC/MS Chemical analysis of Pistashia lentiscus fatty oil from the north of Tunisia. Int .J. PharmTech Res. 2011; 3(4): 2245-2248.
Charef M, Mohamed Y, Saidi M, Stocker B. Determination of the fatty acid composition of Acorn (Quercus), Pistacia lentiscus seeds growing in Algeria. J Am Oil Chem Soc. 2008; 85: 921-924.
Peñuelas J, Llusià J. Effects of carbon dioxide, water supply, and seasonally on terpene content and emission by Rosmarinus officinalis. J. Chem. Ecol. 1997; 23: 979-993.
Liu W, Yin D, Li N. Influence of Environmental factors on the active substance production and antioxidant activity in Potentilla fruticosa L. and its quality assessment. Sci Rep 6. 2016; 28591. Doi:10.1038/srep28591
Dong JE, Ma XH, Wei Q, Peng SB, Zhang SC. Effects of growing location on the contents of secondary metabolites in the leaves of four selected superior clones of Eucommia ulmoides. Ind. Crop Prod. 2011; 34: 1607-1614.
Zara S, Petretto GL, Mannu A, Zara G, Budroni M, Mannazzu I, Fancello F. Antimicrobial activity and chemical characterization of a non-polar extract of saffron stamens in food matrix. Foods. 2012; 10(4): 703.
Duffy CF, Power RF. Antioxidant and antimicrobial properties of some Chinese plant extracts, Int. J. Antimicrob. Ag. 2001; 17: 527-529.
Nuha M E S, Suliman MB, Jagdouj AS. Identification the phenolic compounds of Adansonia digitata different parts via LC-MS/QTOF and their antioxidant activity, Int. J. Botany Stud, 2020; 5(4): 108-111.
Arakkaveettil KF, Qiong-Qiong Y, Gowoon K, Hua-Bin L, Fan Z, Hong-Yan L, Ren-You G, Harold C, Tannins as an alternative to antibiotics, Food Bioscience.2020; 38: 100751.
Li N, Tan S, Cui J, Guo N, Wang W, Zu Y, Jin S, Xu X, Liu Q, Fu Y.-J. A novel synthesized pyrrolizidine alkaloid, inhibits the growth of Escherichia coli and Staphylococcus aureus by damaging the cell membrane. J. Antibiot. 2014; 67: 689-696.
Larghi E, Bracca A, Aguilar AA, Heredia D, Pergomet J, Simonetti S, Kaufman T. Neocryptolepine: A promising indoloisoquinoline alkaloid with interesting biological activity. Evaluation of the drug and its most relevant analogs. Curr. Top. Med. Chem. 2015; 15: 1683-1707.
Kelley C, Lu S, Parhi A, Kaul M, Pilch DS, Lavoie EJ. Antimicrobial activity of various 4- and 5-substituted 1-phenylnaphthalenes. Eur. J. Med. Chem. 2013; 60: 395-409.
Bendifallah L, Benmahfoud AE, Hameni YS. Phytochemical study and in vitro antimicrobial activity of Pistacia lentiscus L in boumerdes region (Algeria) .J. Fundam Appl. Sci. 2014, 6 (2): 229-237.
Missoun F, Bouabedelli F, Benhamimed E, Baghdad E, Djebli N. phyytochemical study and antibacterial activity of different extracts of Pistacia lentiscus L collected from west dahra region of Algeri. J. Fundam Appl. Sci. 2017; 9(2): 669-684.
 
 
 
OEBPS/toc.xhtml
		Section 1

		Section 2





OEBPS/images/image0003.png
EH&LMM M

ax
so 5 6o s 60 s 20 25 =0

2250100000007 -

. H

s B E]

1

15 =

10

s

0%

3

so £ x0 s 60 s =0 25 =0





OEBPS/images/image0002.jpg
i

B

=/
7|
E






OEBPS/images/image0001.jpg


