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Emmanuel Wafo and Félicien Avlessi 

 
Abstract 

Ethanol extract and essential oil of Boswellia dalzielii leaves were screened for their antibacterial and 

antiradical activities by using microdilution and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical 

methods respectively. Ethanol extract was submitted to a phytochemical screening and the essential oil to 

Gas Chromatography-Mass Spectrometry (GC/MS) analysis. Antibacterial studies reveal a MIC of 1.25 

mg/ml for ethanol extract and 1.25 µl/ml of essential oil on Methicillin-resistant Staphylococcus aureus, 

but no MIC on Staphylococcus aureus. The essential oil was more powerful radical scavenging activity 

with EC50 value of 1.25 μg/mL which greater than the standard antioxidants, ascorbic acid (EC50 = 5 

μg/mL). The phytochemical screening reveals the presence of metabolites mainly 3.56 ±0.06 mg GAE/ g 

of extract of total polyphenol and 1.24±0.01 mg QE/ g of extract. GC-MS results show the presence of: 

Zerumbone (33.69%), α-phellandrene (11.80%), alpha α-pinene (9.71%), Germacrene D (9.08%) ß - 

phellandrene (8.19%) and Trans ß – caryophyllene (7.45%) like major compounds. These compounds 

could be responsible for the antibacterial and scavenging activities. 

 

Keywords: Boswellia dalzielii, extracts, MRSA, antioxidant 

 

1. Introduction 

The advent of modern medicine opens up much more knowledge about human pathologies and 

the mode of intervention to fight its discomforts [1]. According to World Bank and WHO: Half 

the world lacks access to essential health services, 100 million still pushed into extreme 

poverty because of health expenses [2]. Added to this are other factors including the lack and 

poor distribution of health infrastructure, the low coverage of regions in doctors. Thus, in order 

to care for the majority of the African population resorts to plant resources. Statistics of the 

World Health Organization show that more than 80% of the African population uses medicine 

and traditional pharmacopoeia to cope with health problems [3]. Firstly, several works shown 

that oxidative stress (due to an excess of ROS and/or a decrease in antioxidant levels) is 

sources of different diseases in the world [4, 5], secondly antibiotic resistance has become a 

major clinical and public health problem within the lifetime of most people living today [6]. 

While on the other hand recent work have shown that the antioxidants from plant uses in 

traditional medicine origin with free-radical scavenging properties could have great therapeutic 

importance on several diseases caused due to oxidative stress [7-10] and plant-derived 

compounds have historically been recognized as effective antimicrobial agents [11-13].  

Boswellia dalzielii Hutch (Burseraceae) is a tree of the savanna forest widely used in Africa as 

medicinal plant: In Nigeria the gum resin is used with other medicines for the treatment of 

venereal diseases; the bark is boiled to wash for fever, rheumatism; the root decoction boiled 

along Hibiscus sabdariffa is used for the treatment of syphilis [14]. The bark of the stem is used 

as a poultice following a snakebite, decoction of the aerial parts is taken orally for 

tuberculosis, decoction of root bark is applied to treat scabies [15]. The bark decoction is used as 

an antiseptic wash for sores in Ivory Coast and as an ingredient of a complicated prescription 

for leprosy [16]. In Niger the leaf is used in the treatment of bilharziasis and given as an 

oxytocic to pregnant women [17]. In Cameroon, people use the leaves of B. dalzielii to protect 

maize, millet and sorghum against weevils’ attack [18].  

The aim of this study is the analysis of antimicrobial and scavenging activities of two extracts 

of B. dalzielii from Savè (Benin), in order to optimize their medicinal exploitation. 
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2. Materials and Methods  

2.1 Plant material 

The leaves of Boswellia dalzielii were harvested in April 2018 

in Savè in the Colline department of Benin.  

 

2.2 Bacterial strains 

Gram negative Escherichia coli (CIP 53126) and free Gram 

positive: Enterococcus faecalis (ATCC29212), 

Staphylococcus aureus (ATCC6538), Methicillin-resistant 

Staphylococcus aureus (MRSA); were used for antibacterial 

test. They were obtained from Laboratory of Biochemistry 

and Bioactives, Natural Substances, Faculty of Science and 

Technology, University of Abomey-calavi (Benin). 

 

2.3 Extraction  

Two types of extraction were made on the leaves of Boswellia 

dalzielii. 

 

2.3.1 Ethanolic extraction 
Ten gram (10g) of Boswellia dalzielli leaves powder was 

extracted by maceration with 100 ml of ethanol for 24 hours 

under string. After filtration on Buchner, the filtrate was 

concentrated to dryness using a rotary evaporator then stored 

at 4 ° C until further use. 

 

2.3.2 Extraction of essential oil  

The essential oils of Boswellia dalzielii leaves were extracted 

by hydro-distillation for 3hours using a Clevenger type 

apparatus. Essential oil was dry using sodium sulfate 

anhydrous. The oil was weighted and conserved at 4°C until 

use. 

 

2.4 Phytochemical study 

2.4.1 Preliminary phytochemical analysis 

Ethanol extract of B. dalzielli leaves was subjected to 

qualitative phytochemical tests to identify various classes of 

phytochemical constituents using standard procedures [19].  

 

2.4.2 Determination of total phenolic content 

Phenolic content was estimated spectrophotometrically using 

a modified Folin-Ciocalteu method [20]. The total flavonoids 

content was determined using AlCl3 
[21]. Tannin content was 

determined using the modified Vanillin-HCl method [22]. 

 

2.4.3 Gas chromatography-mass spectrometry (GC-MS) 

This analysis was carried out using a gas chromatograph 

coupled to a GCMS-QP 2010 Shimadzu type mass 

spectrometer detector equipped with an HP 5 MS Agilent 

capillary column (30m x 0.25mm x 0.25μm). The carrier gas 

is helium (1 ml / min); it was injected in the Splitless mode in 

temperature programming: 70 ° C for 2 min Then 3 ° C / min 

for 240 ° C for 15min Analysis time 73 min. The respective 

operating temperatures of the injector and detector are 240 ° 

C, 250 ° C and the Source 200 ° C. The mass spectrometer is 

used in electronic impact mode at 70ev. 

Information retrieved from mass spectrometry is set in 

FullScan mode. The identification of the compounds was 

made taking into account retention times (TR) and mass 

spectra and validated from reference standards (brand Fluka - 

Sigma - Acros). The libraries used are NIST and WILEY. 

 

2.5 Evaluation of biological activities 

2.5.1 Antibacterial assay 

The antibacterial test was performed in microplates using the 

method described by Atindehou et al., 2013 [23]. Briefly, 

bacteria were cultured aerobically at 37˚C in a Mueller Hinton 

Broth (MHB, Merck, Darmstadt, Germany) for 18 h. B. 

dalzielli extract (20 mg) was suspended in acetone/water 

(10:90 v: v, 1 mL) and diluted to a concentration of 2.5, 1.25, 

0.625, 0.312, 0.156, 0.078, 0.039 mg/mL in MHB in 96 wells 

microplates in 100 µL. 100 µL of a midlogarithmic phase 

culture of bacteria with at concentration 106 at 620 nm was 

added. Each assay was performed in triplicate. Negative 

control which consist of the mixture of MHB without bacteria 

and acetone/water control were also realized. After 18 h of 

incubation under agitation at 37˚C, the Minimal Inhibitory 

Concentration (MIC) was determined by addition of 40 µL of 

Iodonitrotetrazolium chloride (INT, Sigma Aldrich Chemie 

GmbH, Steinheim, Germany at 0.2 mg/mL and the plates 

were incubated for 1 h at 37˚C. Bacterial growth was 

determined by a reddish-pink color in the well. For essential 

oil, the same method was used but the concentrations tested 

are: 25, 12.5, 6.25, 3.12; 1.56; 0.78; 0.39 µL/mL. The 

essential oil was dissolved in 1% DMSO and the growth 

control with DMSO was also performed. 
  
2.5.2 Antioxidant assay 

Free radical scavenging activity was determined using 2, 2-

diphenyl-1-picrylhydrazil (DPPH, Sigma Aldrich, Germany), 

as described by Povichit et al. 2010 [22] with slight 

modifications. Briefly, 1900 µL of DPPH solution (6.10-5 M 

in Methanol) and 100 mL of ethanol extract or essential oil at 

different axis and concentration were added. The reaction 

mixture was shaken and incubated in the dark for 30 min at 

37°C. The absorbance was read at 517 nm against blank using 

the spectrophotometric reader. Ascorbic acid (Sigma Aldrich, 

Germany) was used as positive control.  

DPPH radical scavenging activity was calculated according to 

the formula: 
 

 
 

Where A0 was the absorbance of the control reaction and A1 

was the absorbance in the presence of the extract. 

Antiradical curves were plotted referring to concentration on 

the x axis and their relative scavenging capacity on the y axis 

and the concentration required to obtain a 50% antioxidant 

effect (EC50) was determined. 

 

3. Results and Discussion  

3.1 Chemical composition  

3.1.1 Chemical composition  

The phytochemical screening of ethanol leaf extract of 

Boswellia dalzielii revealed the presence of alkaloid, 

coumarin, flavonoid, tannin, anthocyanin, carbohydrates, 

anthraquinone and terpenoid (Table 1). Regarding the total 

phenol, the results show low tannin content: 0.02 mg CE/g 

Extract (Table 2)  
 

Table 1: Phytochemical constituents of ethanol extract of leave of 

Boswellia dalzielii 
 

Phytochemicals Result 

Alkaloids + 

Flavonoids + 

Anthocyans + 

Tannins + 

Mucilage + 

Anthraquinone + 

Coumarins + 

Saponins + 
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+ = present  

Table 2: Phenolic content in the ethanol extract of Boswellia 

dalzielii leaves 
 

Constituents Quantity 

Total polyphenols (mg GAE/g Extract) 3.56 ± 0.059 

Flavonoids (mg QE/g Extract) 1.24 ± 0.012 

Tannins (mg CE/g Extract) 0.02 ± 0.004 

 

3.1.2 Chemical composition of essential oil 

Hydrodistillation extraction yield of the essential oil is 2.1 %. 

This essential oil was characterized by the higher content of 

sesquiterpernes (61.09%) with 33.69 % of Zerumbone 9.08% 

of Germacrene D and 7.45 % of Trans -b- caryophyllene, a-

Phellandrene (11.8 %), a-Pinene (9.71 %) and b- Phellandrene 

(8.19 %) were the major compounds of the 34.29 % of 

monoterpenes of this essential oil (Table 3).  

In literature, 3-carene (27.72%), a-pinene (15.18%), p-

cymene (9.54%), b-phellandrene (8.48%), isolongifolene 

(6.15%) myrcene (5.72%) were the predominant compounds 

of the essential oil from Segbana, in the north of Benin [24]. In 

Nigeria essential oil, the most abundant constituents were a -

pinene (45.7%) and a-terpinene (11.5%) when α- 

phellandrene, β- phellandrene, Germacrene D, β - 

caryophyllene were minority compounds [25]. Among the new 

compounds identified in the essential oil of the present study 

and which are not in Kohounde [24] and Kubmarawa [25] works 

results, there are mainly the Zerumbone (33.69%). 

Zerumbone is a sesquiterpene found in subtropical ginger and 

known for its various pharmacological properties: anti-

inflammatory, anti-cancer, anti-oxidant [26, 27]. 

 
Table 3: Main components of essential oil from Boswellia dalzielii 

leaves 
 

Retention Time (min) Components Yield (%) 

4.6 alpha - pinene 9.71 

6.10 alpha - phellandrene 11.8 

6.92 delta - 3- carene 0.45 

6.99 gamma - terpinene 1.35 

7.1 beta - phellandrene 8.19 

7.7 beta - ocimene 1.09 

12.5 Terpinene – 4 – ol 0.68 

13 alpha - terpineol 1.02 

19.5 alpha - cubebene 2.68 

20.5 Copaene 2.85 

20.9 alpha – bourbonene 0.63 

22.3 Trans beta - caryophyllene 7.45 

23.7 Alpha – Humulene 0.97 

24.8 Germacrene D 9.08 

26.5 delta - cadinène 1.64 

31 tau-Muurolol 1.32 

31.5 Alpha - cadinol 0.78 

34.3 Zerumbone 33.69 

Monoterpene hydrocarbon 32.59 

Oxygened monoterpene 1.7 

Sesquiterpene hydrocarbon 61.09 

Oxygened sesquiterpene 35.79 

Unidentified 4.62 

 

 
 

Zerumbone 

Studies on the oleogum resin of most other species of the 

genus Boswellia have shown they are rich in monoterpenes. It 

is the case of Boswellia sacra Boswellia dioscorides, 

Boswellia elongate, Boswellia socotrana, Boswellia carteri 

and Boswellia frereana [28-31]. 

 

 

3.2 Antibacterial activity 

The minimal inhibitory concentration (MIC) value (Table 4) 

revealed that among the four strains on which the extracts 

were tested, only S. aureus was not sensitive to different 

concentrations of extracts tested, while MRSA has been the 

most sensitive with a MIC of 1.25mg/ml for the ethanol 

extract and 12.5 mg/ml for the essential oil. 

 
Table 4: MICs of Boswellia dalzielli extracts 

 

Strains 

Extracts 
E. coli E. faecalis MRSA S. aureus 

Ethanol extract (mg/ml) 2.5 1.25 1.25 ND 

Essential oil (µl/ml) 25 25 12.5 ND 

ND: not determined 

 

Medicinal plants are the richest source of metabolites with 

various biological activities. For this purpose, they are used in 

traditional medicine in the form of volatile or non-volatile 

extracts. In non-volatile extracts, alkaloids and saponins are 

known to have antimicrobial properties [11]; by precipitating 

microbial protein, tannins inhibit growth of microorganisms 
[32]. Antibacterial activity of flavonoids is being increasingly 

demonstrated [33, 34]. Most of secondary metabolites revealed 

in ethanol extract of B. dazielli (alkaloids, terpenoids, 

flavonoids) have been reported to have anti-MRSA activity 
[35, 36]. MRSA is one of the leading causes of morbidity and 

mortality worldwide, it is a major public health concern and is 

responsible for both hospital and community-associated 

infections worldwide [37, 38]. Previous work showed significant 

antimicrobial activity of ethyl acetate and ethanol extracts 

against Escherichia coli and Klebsiella pneumonia [16]. 

The volatile compounds contained in certain essential oils are 

known for their antibacterial effect. It is the example of the 

major compounds of the essential oil subject of the present 

study: Zerumbone, a-pinene [39, 40]. Kubmarawa [41] results 

show that essential oil inhibited the growth of Bacillus 

subtilis, Staphylococcus aureus and Candida albicans at 

minimum inhibitory concentrations (MIC) of 250μg/ml, 

1000μg/ml and 2000μg/ml respectively. 
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3.3 Free radical scavenging activity 

Graph 1 show the free radical scavenging of the two extracts 

of Boswellia dalzielii compare to ascorbic acid used as 

positive control. Essential oil presented more radical 

scavenging activity (EC50 = 1.1mg/ml) than that of ethanol 

extract and ascorbic acid (EC50 ≈5.0mg/ml).  

 

 
 

Graph 1: Free radical scavenging of Boswellia dalzielii leaves 

extract 

 

Scavenging stable DPPH free radicals can be used to evaluate 

antioxidant activities in a relatively short time. Essential oil of 

Boswellia dalzielii leaves was a strong antioxidant 

comparable to vitamin C antioxidant power and was in good 

agreement with the number of terpenes, a major category of 

plant-derived compounds.  

A previous work assessed the antioxidant effectiveness of 

most common terpenes from essential oils [42]. The antiradical 

scavenging activity is more important in the presence of 

phenols and terpene alcohols than ketones or sesquiterpenes 
[43, 44]. Despite that in the present work only 3.8% of the 

terpenes are hydroxylated (T-Muurolol, a- cadinol, Terpinene- 

4-ol and a- terpineol), the essential oil has been more active 

on DPPH radical. This Can be justified by the presence of 

other compounds like a-pinene, Zerumbone which have been 

reported to exhibit radical scavenging activity [45, 46]. Plant 

phenolic have multifunctional properties and can act as 

scavenge free radicals by virtue of the hydrogen-donating 

properties of their phenolic hydroxyl groups, as well as by 

donating electrons to stop free radical chain reactions [47]. In 

the present study, ethanolic extract contains 3.56 mg GAE/g 

of extract including: anthocyanins, flavonoids, tannins. Its 

free radical scavenging potential equal to that ascorbic acid 

(reference product) is due to the presence of these compounds 

with hydroxyl group in its chemical composition. 

 

4. Conclusion 

In present study, the phytochemical analysis has shown that 

essential oil from Boswellia dalzielii leaves contains as main 

compound the Zerumbone. A compound known as well for its 

antibacterial and antiradical potential. The ethanolic extract 

has revealed the presence phenolic compounds. From DPPH 

assay, the essential oil is the best a source of natural 

antioxidants compared to the ethanolic extract. In regards to 

in vitro antibacterial test, interesting results were obtained for 

the both extracts. Further work on the activity of the two 

extracts on methicillin-resistant Staphylococcus aureus and on 

Staphylococcus aureus is important to complete this study. 

 

5. References 

1. Barabási AL, Gulbahce N, Loscalzo J. Network 

medicine: a network-based approach to human disease, 

Nat Rev Genet. 2011; 12(1):56-68. 

2. https://www.who.int/news-room/detail/13-12-2017-

world-bank-and-who-half-the-world- lacks-access-to-

essential-health-services-100-million-still-pushed-into-

extreme-poverty because-of-health-expenses. 10 May, 

2019 

3. World Health Organization, Traditional Medicine 2002-

2005 Strategy:  

http://www.wpro.who.int/health_technology/book_who_t

raditional_medicine_strategy_2002_2005.pdf. 10 May, 

2019. 

4. Gülçin I, Mshvildadze V, Gepdiremen A, Elias R. 

Screening of antiradical and antioxidant activity of 

monodesmosides and crude extract from Leontice 

smirnowii tuber. Phytomedicine 2006; 13(5)9:343-351. 

5. Kosanic M, Rankovic B, Dasic M. Antioxidant and 

antimicrobial properties of mushrooms. Bulg. J. Agric. 

Sci. 2013; 19 (5):1042-1048. 

6. Levy SB. Factors impacting on the problem of antibiotic 

resistance. J. Antimicrob. Chemother. 2002; 49(1):25-30. 

7. Hennebelle T, Sahpaz S, Bailleu F. Polyphénols 

végétaux, sources, utilisations et potentiel dans la lutte 

contre le stress oxydatif. Phytother. 2004 ; 1:3-6. 

8. Kanti BP, Syed IR. Plant polyphenols as dietary 

antioxidants in human health and disease. Oxid Med Cell 

Longev. 2009; 2(5):270-278. 

9. Sen S, Chakraborty R, Sridhar C, Reddy YSR, De B. 

Free radicals, antioxidants, diseases and phytomedicines: 

current status and future prospect. Int. J. Pharm. Sci. Rev. 

Res. 2010; 3(1):91-100. 

10. Gorzynik-Debicka M, Przychodzen P, Cappello F, 

Jankowska AK, Gammazza AM et al. Potential health 

benefits of olive oil and plant polyphenols. Int. J. Mol. 

Sci. 2018; 19, 547:2-13. 

11. Rios JL, Recio JM. Medicinal plants and antimicrobial 

activity. J Ethnopharmacol. 2005; 100:80-84. 

12. Takahashi JA, Pereira CR, Pimenta LPS, Boaventura 

MAD, Silva LGFE. Antibacterial activity of eight 

Brazilian annonaceae plants, Nat Prod Res. 2006, 

20(1):21-26. 

13. Ishikawa K, Takahashi K, Hoso S, Takeda H, Yoshida H, 

Wakana D et al. Antimicrobial agent isolated from 

Coptidis rhizome extract incubated with Rhodococcus sp. 

strain BD7100. J Antibiot. 2019; 72:71-78. 

14. Nwinyi FC, Binda L, Ajoku GA, Aniagu SO, Enwerem 

NM, Orisadipe a et al. Evaluations of the aqueous extract 

of Boswellia dalzielii stem bark for antimicrobial 

activities and gastrointestinal effects. Afr. J Biotechnol. 

2004; 3 (5):284-288. 

15. Kubmarawa D, Akiniyi JA, Okorie DA. Ethnomedicinal 

survey of the traditional medicine of Lala people of 

Nigeria. Int J Med Plants Altern Med. 2013; 1(3):039-

057. 

16. Danlami U, Gbubele JD, Bwai MD, Kabir MG. 

Phytochemical, Nutritional and Antimicrobial Screening 

of Hexane, Ethyl Acetate and Ethanolic Extracts of 

Boswellia dalzielii Leaves and Bar. J Biosci Bioeng. 

2015; 3(8):76-79. 

17. Kafuti YS, Ojerinde SO, Balogun O, Alemika TE, Taba 

KM, Mpiana PT et al. Antifungal evaluation and 

phytochemical screening of methanolic extract and 



 

~ 418 ~ 

Journal of Pharmacognosy and Phytochemistry 
fractions of Boswellia dalzielii stem bark. Journal of 

Pharmacy and Bioresources. 2017; 14(1):64-69. 

18. Younoussa L, Nukenine EN, Esimone CO, Toxicity of 

Boswellia dalzielii (Burseraceae) Leaf Fractions Against 

Immature Stages of Anopheles gambiae (Giles) and 

Culex quinquefasciatus (Say) (Diptera: Culicidae). Int J 

Insect Sci. 2016; 8:23-31. 

19. Anago E, Lagnika L, Ggenou J, Loko F, Moudachirou M, 

Sanni A. Antibacterial activity and phytochemical study 

of six medicinal plants used in Benin. Pak J Biol Sci. 

2011; 14(7):449-455. 

20. Boizot N, Charpentier JP. Méthode rapide d’évaluation 

du contenu en composés phénoliques des organes d’un 

arbre forestier. INRA Amélioration, Génétique et 

Physiologie Forestières, Le Cahier des Techniques de 

l’Inra, Numéro spécial 2006. 

21. Enujiugha VN, Talabi JY, Malomo SA, AY Olagunju. 

DPPH radical scavenging capacity of phenolic extracts 

from african yam bean (Sphenostylis stenocarpa), Food 

and Nutrition Sciences 2012; 3:7-13. 

22. Povichit N, Ampai P, Maitree S, Chaiyavat C, Pimporn 

L. Phenolic content and in vitro inhibitory effects on 

oxidation and protein glycation of some Thai medicinal 

plants. Pak J Pharm Sci. 2010; 23(4):403-408. 

23. Atindehou M, Lagnika L, Guérold B, Strub JM, Zhao M, 

Dorsselaer AV et al. Isolation and Identification of Two 

Antibacterial Agents from Chromolaena odorata L. 

Active against Four Diarrhea Strains. Advances in 

Microbiology, 2013; 3:115-121. 

24. Kohoude JM, Gbaguidi F, Agbani P, Ayedoun M, 

Cazaux S, Bouajila J. Composition chimique et l’activité 

biologique à partir des extraits de feuilles, d’huiles 

essentielles de Boswellia dalziellii. Pharm Biol. 2017; 

55(1):33-42. 

25. Kubmarawa D, Ajoku GA, Enwerem NM, Okorie DA. 

Preliminary phytochemical and antimicrobial screening 

of 50 medicinal plants from Nigeria. Afr. J Biotechnol. 

2007; 6(14):1690-1696. 

26. Nakamura Y, Yoshida C, Murakami A, Ohigashi H, 

Osawa T, Uchida K. Zerumbone, a tropical ginger 

sesquiterpene, activates phase II drug metabolizing 

enzymes. FEBS Letters 2004; 572:245-250. 

27. Singh CB, Chanu SB, Lenin Kh, Swapana N, Cantrell C, 

Ross SA. Chemical composition and biological activity 

of the essential oil of rhizome of Zingiber zerumbet (L.), 

J Pharmacogn Phytochem. 2014; 3(3):130-133. 

28. Al-Harrasi A, Al-Saidi S. Phytochemical analysis of the 

essential oil from botanically certified oleogum resin of 

Boswellia sacra (Omani Luban). Molecules 2008; 

13:2181-2189. 

29. Van Vuuren SF, Kamatou GPP, Viljoen AM. Volatile 

composition and antimicrobial activity of twenty 

commercial frankincense essential oil samples. S Afr J 

Bot. 2010; 76(4):686-691. 

30. Mothana RAA, Hasson SS, Schultze W, Mowitz A, 

Lindequist U. Phytochemical composition and in vitro 

antimicrobial and antioxidant activities of essential oils of 

three endemic Soqotraen boswellia species. Food Chem. 

2011; 126:1149-1154. 

31. Gupta M, Rout PK, Misra LN, Gupta P, Singh N, 

Darokar MP, et al. Chemical composition and bioactivity 

of Boswellia serrata Roxb. Essential oil in relation to 

geographical variation, Plant Biosyst. - An International 

Journal Dealing with all Aspects of Plant Biology 2016. 

32. Bukar AM, Kyari MZ, Gwaski PA, Gudusu M, Kuburi 

FS, Abadam YI. Evaluation of phytochemical and 

potential antibacterial activity of Ziziphus spina-christi L. 

against some medically important pathogenic bacteria 

obtained from University of Maiduguri Teaching 

Hospital, Maiduguri, Borno State – Nigeria. J 

Pharmacogn Phytochem 2015; 3(5):98-101. 

33. Cushnie TPT, Lamb AJ. Recent advances in 

understanding the antibacterial properties of flavonoids. 

Int J Antimicrob Ag. 2011; 38:99-107. 

34. Nobakht M, Trueman SJ, Wallace HM, Brooks PR, 

Streeter KJ, Katouli M. Antibacterial Properties of 

Flavonoids from Kino of the Eucalypt Tree, Corymbia 

torelliana, Plants 2017; 6(39):1-15. 

35. Kali A, Antibiotics and bioactive natural products in 

treatment of methicillin resistant Staphylococcus aureus: 

A brief review, Pharmacogn Rev. 2015; 9(17):29-34. 

36. Li J, Liu D, Tian X, Koseki S, Chen S, Ye X et al. Novel 

antibacterial modalities against methicillin resistant 

Staphylococcus aureus derived from plants. Crit Rev 

Food Sci Nutr. 2018, 3:1-9. 

37. Vuong C, Yeh AJ, Cheung GYC, Otto M. Investigational 

drugs to treat methicillin-resistant Staphylococcus 

aureus. Expert Opin Investig Drugs. 2015; 25(1):1-21. 

38. Abdulgader SM, Shittu AO, Nicol MP, Kaba M. 

Molecular epidemiology of Methicillin-resistant 

Staphylococcus aureus in Africa: a systematic review. 

Front. Microbiol 2015; 6:348. 

39. Abdul AB, Abdelwahad SI, Al-Zubairi AS, Elhassan 

MM, Murali SM. Anticancer and antimicrobial activities 

of Zerumbone from the rhizomes from the rhizomes of 

Zingiber zerumbet. Int J Pharmacol. 2008; 4(4):301-304. 

40. da Silva ACR, Lopes PM, de Azevedo MMB, Costa 

DCM, Alviano CS, Alviano DS. Biological Activities of 

α-Pinene and β-Pinene Enantiomers. Molecules 2012; 

17:6305-6316 

41. Kubmarawa D, Ajoki G, Onigbanjo HO, Okori DA. 

Antimicrobial Activity of the Essential Oil of the Leaves 

of Boswellia dalzielii Hutch. J Essent Oil Bear Pl. 2005; 

8(1):107-109. 

42. Öztürk M. Anticholinesterase and antioxidant activities 

of Savoury (Satureja thymbra L.) with identified major 

terpenes of the essential oil. Food Chem. 2012; 134:48-

54. 

43. Latteä KP, Kolodzij H. Antioxidant Properties of 

Phenolic Compounds from Pelargonium reniforme. J. 

Agric. Food Chem. 2004; 52:4899-4902. 

44. Fayed SA. Antioxidant and Anticancer Activities of 

Citrus reticulate (Petitgrain Mandarin) and Pelargonium 

graveolens (Geranium) Essential Oils. Res. j. agric. biol. 

sci. 2009; 5(5):740-747. 

45. Yang SA, Jeon SK, Lee EJ, Im NK, Jhee KH, Lee SP et 

al. Radical Scavenging Activity of the Essential Oil of 

Silver Fir (Abies alba). J Clin Biochem Nutr. 2009; 

44(3):253-259. 

46. Singh CB, Chanu SB, Lenin Kh, Swapana N, Cantrel Cl, 

Ross SA. Chemical composition and biological activity 

of the essential oil of rhizome of Zingiber zerumbet (L.) 

Smith. J Pharmacogn Phytochem. 2014; 3(3):130-133. 

47. Koley TK, Kaur C, Nagal S, Walia S, Jagg S. 

Antioxidant activity and phenolic content in genotypes of 

Indian jujube (Zizyphus mauritiana Lamk.). Arab. J. 

Chem. 2016; 9:S1044-S1052. 


