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ABSTRACT 
 

The characterization of the leaf essential oil of Ficus benghalensis L. (Moraceae) was performed by 
gas chromatography-flame ionisation detector (GC-FID) and gas chromatography-mass 
spectrometry (GC-MS). Monoterpene compounds (5.9%) are less common in the oil while the 
sesquiterpene compounds accounted for 85.8% of the total oil content. The main constituents of 
the oil were the sesquiterpenes α-cadinol (25.1%), germacrene-D-4-ol (14.9%), γ-cadinene (11.8%) 
and α-muurolene (9.6%). This is the first report on the volatile constituents of F. benghalensis. 
Aims: To report the compounds identified in the hydrodistilled leaf oil of Ficus benghalensis grown 
in Nigeria. 
Study Design: The design of the study involved the distillation of essential oil from air-dried leaf of 
F. benghalensis and subsequent analysis of the constituents. 

Original Research Article 



 
 
 
 

Adebayo et al.; EJMP, 9(2): 1-6, 2015; Article no.EJMP.18803 
 
 

 
2 
 

Place and Duration of Study: Leaf sample of F. benghalensis were collected from Omileye area, 
Ore Town, Odigbo Local Government, Ondo State, Nigeria, in March 2013. 
Methodology: The air-dried and pulverized leaf of F. benghalensis was subjected to hydro 
distillation using a Clevenger-type apparatus for 4 h. The constituents of the distilled oil were 
analyzed by using GC and GC/MS. 
Results: The main constituents of the oil were the sesquiterpene α-cadinol (25.1%), germacrene-
D-4-ol (14.9%), γ-cadinene (11.8%) and α-muurolene (9.6%). 
Conclusion: Although, this is the first report on the volatile constituents of F. benghalensis, the 
observed compositional pattern was found to vary from data obtained from previously analyzed oils 
from other member of the genus Ficus grown in Nigeria. 
 

 
Keywords: Ficus benghalensis; Moraceae; essential oil composition; sesquiterpenes; α-cadinol; 

germacrene-D-4-ol; γ-cadinene. 
 
1. INTRODUCTION  
 
There are more than 800 species and 2000 
varieties of Ficus, most of which are native to the 
old world tropics. Ficus benghalensis L. (family: 
Moraceae) is native to a wide area of tropics [1]. 
This plant is astringent to bowels and useful in 
treatment of biliousness, ulcers, vomiting, vaginal 
complains, fever, inflammations and leprosy. 
Pharmacologically various extracts of Ficus 
benghalensis has shown anti-rheumatic [1], 
antioxidant [1,2], hepatoprotective [3], 
antibacterial [4,5], larvicidal [6,7], anthelmintic [8], 
wound healing [9,10], anti-stress, antiallergic 
[11], anti-inflammatory, analgesic [12,13] and 
immunomodulatory [14] activities. The plant has 
been assessed for its anti-arthritic [15], 
antimutagenic [16] and antidiabetic [17] 
potentials. A methanolic extract of F. 
benghalensis protects against oxidative liver 
injury in rats [18]. Reviews on the 
pharmacological potentials of F. benghalensis 
have been published [19,20]. 
 
The bark of F. bengalensis yields 5,7-dimethyl 
ether of leucopelargonidin-3-0-α-L rhamnoside 
and 5,3- dimethyl ether of leucocynidin 3-0-α-D-
galactosyl cellobioside, β-glucoside, 20-
tetratriaconthene-2-one, 6- heptatriacontene-10 
one, pentatriacontan-5-one, beta sitosterol-
alpha-Dglucose and meso-inositol [12,21-24]. 
Leucodelphinidin derivative [25], bengalenoside 
[26], leucopelargonin, a glycoside which has 
antidiabetic effects and leucocynidin derivative 
have also been isolated from the bark of the F. 
bengalensis [27,28]. Three ketones 20-
tetratriacontene-2-one, 6- heptatriacontene-10-
one and pentatriacontan-5-one [29] as well as 
genistein [30] were isolated from stem bark. The 
seed oil was found to contained vernolic acid 
(8.2%), malvalic acid (3.7%) and sterculic acid 
(1.6%) along with the other normal fatty acids like 

lauric acid (1.5%), myristic acid (1.3%), palmitic 
acid (35.2%), stearic acid (4.2%), oleic acid 
(20.3%), linoleic acid (15.4%) and linolenic acid 
(8.7%) [31]. The presence of gallic acid, rhein, 
gallocatechin and theaflavin-3, 3'-digallate were 
reported from the methanolic extract of F. 
benghalensis [32]. 
 
However, information revealed the composition 
of essential oil of this plant has not been the 
subject of literature report. Therefore, the aim of 
the present study is to analyze and report for the 
first time the chemical compounds identified in 
the essential oil of F. benghalensis. The chemical 
constituents of essential oils from Nigeria plants 
[33] in general and Ficus species [34-36] in 
particular have been documented 
  

2. MATERIALS AND METHODS 
 
2.1 Plant Collection 
 
Mature leaves of F. benghalensis were collected 
from plants growing at a location in Omileye 
area, Ore, Odigbo Local Government, Ondo 
State, Nigeria, in March 2013. Botanical 
identification was carried out at Forestry 
Research Institute of Nigeria (FRIN), Ibadan, 
where a voucher specimen (FHI 109903) was 
deposited. Plant samples were air-dried prior to 
extraction. 
 

2.2 Distillation of Essential Oil 
 
Aliquots of 200 g of air-dried and pulverized 
leaves were subjected to hydrodistillation for 4 h 
at normal pressure in a glass Clevenger-type 
apparatus according to the British 
Pharmacopoeia specifications [37]. The yield of 
essential oil was 1.07% (v/w), calculated on a dry 
weight basis. Oil sample was light yellow in 
coloration. 
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2.3 Analysis of Essential Oil 
 

The composition of the essential oils was 
determined by gas chromatography-mass 
spectrometry (GC/MS) using an Agilent 7890N 
GC with Agilent mass detector Triple Quad 
7000A in EI mode at 70 eV (m/z range 40- 600 
amu) and an Agilent Chem Station data system. 
The GC column was equipped with an HP-5MS 
column (30 m x 250 µm x 0.25 µm film thickness) 
a split-split less injector heated at 200ºC and a 
flame ionization detector (FID) at 230ºC. The 
oven temperature was programmed as follows: 
Initial temperature 40ºC for 5 min, increased 
5ºC/min to 180ºC for 6 min and then 10ºC/min to 
280ºC for 12 min. Helium was the carrier gas at 
flow rate of 1 mL/min. The injection volume was 
2.0 µL (split ratio 1:20).  
 

The relative amount of each individual 
component of the essential oil was expressed as 
the percentage of the peak area relative to the 
total peak area. RI value of each component was 
determined relative to the retention times of a 
homologous n-alkane series with linear 
interpolation on the HP-5MS column. 
 

2.4 Identification of the Components 
 
The components were identified by comparison 
of their mass spectra with NIST 1998 library data 
of the GC-MS system as well as by comparison 
of their retention indices (RI) with the relevant 
literature data [38,39].  
 

3. RESULTS AND DISCUSSION 
 
Table 1 displayed the identities and percentage 
compositions of compounds present in the leaf 
oil of F. benghalensis. A total of twenty-four 
compounds representing 96.4% of the total 
contents were identified in the oil. 
Sesquiterpenes (31.7% hydrocarbons and 54.1% 
oxygenated) represents the prominent class of 
compounds in the essential oil. Monoterpenes 
(6.9%) are less common in the oil. The main 
constituents of the oil were the sesquiterpenes α-
cadinol (25.1%), germacrene-D-4-ol (14.9%), γ-
cadinene (11.8%) and α-muurolene (9.6%). 
There are sizeable amounts of β-caryophyllene 
epoxide (6.2%), α-copaene (4.7%), cubenol 
(4.1%) and -cadinol (3.8%). This is the first 
report on the volatile constituents of F. 
benghalensis. 
 
However, the chemical constituents of essential 
oils from some other Ficus plants grown in 

Nigeria have been reported. A previous study 
revealed that 1, 8-cineole (13.8%), (Ε)-phytol 
(13.7%) and p-cymene (11.4%) were the 
significant compounds of the leaf oil of F. 
exasperata [34]. In another study, β-
caryophyllene (37.0%) and ethyl octanoate 
(13.9%) were the representative compounds of 
the oil of F. mucosa [35]. The main compounds 
identified in the leaf oil of F. elastica [36] were 
6,10,14-trimethyl-2-pentadecanone (25.9%) and 
geranyl acetone (9.9%). The main compounds in 
F. lutea were acorenone B (20.7%) and phytol 
(16.2%) while F. polita had phytol (23.3%) and 6, 
10, 14-trimethyl-2-pentadecanone (15.0%) in 
abundance, with F. thonningii comprising mainly 
of 6, 10, 14-trimethyl-2-pentadecanone (18.8%) 
and phytol (14.7%) [40]. 
 
The leaf oil of F. benjamina [41] collected during 
the day contained high contents of α-pinene 
(13.9%), abietadiene (9.7%), cis-α-bisabolene 
(8.2%) and germacrene-D-4-ol (8.4%), while the 
night sample was dominated by germacrene-D-
4-ol (31.5%), 1,10-di-epi-cubenol (8.8%) and 
hexahydrofarnesyl acetone (8.3%). The main 
constituents of F. capensis [42] were -cadinol 
(10.6%), -pinene (9.3%) and -humulene 
(6.5%). While (E)-phytol (24.5%) and 
hexadecanoic acid (10.0%) constitute the main 
compounds of F. ovata, F. elasticoidies 
comprised mainly of (E)-phytol (20.9%) and 6, 
10, 14-trimethyl-2-pentadecanone with the main 
components of F. natalensis subsp. leprieurii 
being (E)-phytol (37.6%) and 6, 10, 14-trimethyl-
2-pentadecanone (24.9%) [43]. 
 
It could be seen that the main constituents of 
previous studies on the essential oil of Ficus 
plants from Nigeria such as α-pinene, p-cymene, 
1, 8-cineole, acorenone B, (E)-phytol, 6, 10, 14-
trimethyl-2-pentadecanone, hexadecanoic acid, 
ethyl octanoate, tricosane, hexacosane  and 
cyclcotetradecane were not identified in the F. 
benghalensis. The variation in the compositional 
pattern of essential oil of F. benghalensis and 
other Ficus oils grown in Nigeria may be 
attributed to the nature and chemotype of the 
plants being studied as well as varying climatic 
and ecological conditions in the place of 
collection.  
 
It is well known that the biological activities of an 
essential oil may depend on the major 
constituents or a synergy between the major and 
some minor compounds. Referring to literature, 
some constituents of essential oil of F. 
benghalensis such as linalool, (E)-α-Ionone (E)-.
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Table 1. Chemical constituents of essential oil of F. benghalensis 
 

Compounds RI (Cal.) RI (Lit.)  Percent 
(%) 

Toluene 794 790 1.7 
n-Hexanal 806 800 0.4 
Ethylbenzene 863 868 1.1 
α-Phellandrene 1004 1002 1.0 
Limonene 1028 1024 0.3 
Linalool 1085 1095 1.0 
n-Nonanal 1104 1100 0.5 
β-Cyclocitral 1204 1217 0.3 
Cyclosativene 1360 1383 4.7 
α-Copaene 1374 1373 1.0 
β-Maaliene 1412 1413 0.7 
β-Caryophyllene 1419 1417 0.8 
(E)-α-Ionone 1429 1422 0.3 
Geranylacetone 1460 1458 1.8 
γ-Muurolene 1475 1477 1.1 
(E)-β-Ionone 1485 1490 2.2 
α-Muurolene 1499 1500 9.6 
γ-Cadinene 1511 1513 11.8 
δ-Cadinene 1525 1522 2.0 
Germacrene D-4-ol 1574 1571 14.9 
β-Caryophyllene epoxide 1582 1589 6.2 
-Cadinol 1639 1640 3.8 
Cubenol 1643 1650 4.1 
α-Cadinol 1650 1663 25.1 
Total 96.4 
Monoterpene hydrocarbons 1.3 
Oxygenated monoterpenes 5.6 
Sesquiterpene hydrocarbons 31.7 
Oxygenated sesquiterpenes 54.1 
Non-terpenes 3.7 

 

β-Ionone and β-caryophyllene have shown 
antimicrobial potentials, larvicidal and insecticidal 
activity against some insect pest [1]. This may 
have contributed to the observed biological 
potentials of F. benghalensis. 
 

4. CONCLUSION 
 

For the first time, the chemical constituents of 
essential oil of F. benghalensis grown in Nigeria 
are being described. From this report, major 
differences were observed between the oil 
compositions of F. benghalensis in this study and 
previous studies on other Ficus plants. This may 
be attributed to differences in the ecological and 
climatic conditions between the points of 
collection as well as the age and nature of the 
plant, handling procedure etc. 
 

ACKNOWLEDGEMENTS 
 

S. A. Aboaba would like to thank the Third World 
Academy of Sciences (TWAS) for a TWAS-

UNESCO Associateship Scheme fellowship 
utilized at HEJ Institute of Chemical and 
Biological Sciences, University of Karachi, 
Pakistan. 
 

CONSENT  
 
It is not applicable. 
 

ETHICAL APPROVAL  
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Manocha N, Chandra SK, Sharma V, 

Sangameswaran B, Saluja M. Anti-



 
 
 
 

Adebayo et al.; EJMP, 9(2): 1-6, 2015; Article no.EJMP.18803 
 
 

 
5 
 

rheumatic and antioxidant activity of 
extract of stem bark of Ficus bengalensis. 
Res J Chem Sci. 2011;1(2):1-8. 

2. Yadav CY, Srivastava DN, Vipin S, Sarita 
S, Seth AK, Kumar S. In-vitro antioxidant 
activity of methanolic extraction of Ficus 
benghalensis L. latex. Pharmacol Online. 
2011;1(2):140-8. 

3. Baheti JR, Goyal RK, Evaluation of 
hepatoprotective activity of Ficus 
benghalensis. Int J Res Pharm Sci. 2011; 
2(4):522-5. 

4. Ogunlowo OP, Arimah BD, Adebayo MA. 
Phytochemical analysis and comparison of 
in-vitro antimicrobial activities of the leaf, 
stem bark and root bark of Ficus 
benghalensis. IOSR J Pharm. 2013;3(4): 
33-8. 

5. Salem MZM, Salem AZM, Camacho LM, 
Hayssam MA. Antimicrobial activities and 
phytochemical composition of extracts of 
Ficus species: An over view. Afr J Microb. 
2013;7(33):4207-19. 

6. Govindarajan M. Larvicidal efficacy of 
Ficus benghalensis L. plant leaf extracts 
against Culex quinquefasciatus Say, 
Aedes aegypti L. and Anopheles stephensi 
L. (Diptera: Culicidae). Eur Rev Medical 
Pharmacol Sci. 2010;14(2):107-111. 

7. Govindarajan M, Sivakumar R, Amsath A, 
Niraimathi S. Mosquito larvicidal properties 
of Ficus benghalensis L. (Family: 
Moraceae) against Culex tritaeniorhynchus 
Giles and Anopheles subpictus Grassi 
(Diptera: Culicidae). Asian Pac J Trop 
Med. 2011;4(7):505-9.  

8. Bhardwaj LK, Anand L, Chandrul KK, Patil 
KS. In-vitro anthelmintic activity of Ficus 
benghalensis Linn leaves extracts. Asian J 
Pharm Clin Res. 2012;5(4):118-20 

9. Murti K, Upendra K, Mayank P. Healing 
promoting potentials of roots of Ficus 
benghalensis L. in albino rats. Asian Pac J 
Trop Med. 2011;4(11):921-4. 

10. Garg VK, Paliwal SK. Wound-healing 
activity of ethanolic and aqueous extracts 
of Ficus benghalensis. J Adv Pharm Tech 
Res. 2011;2(2):110-14. 

11. Taur DJ, Nirmal SA, Patil RY, Kharya MD. 
Antistress and antiallergic effects of Ficus 
benghalensis bark in asthma. Nat Prod 
Res. 2007;21(14):1266-70. 

12. Thakare VN, Suralkar AA, Deshpande AD, 
Naik SR. Stem bark extraction of Ficus 
benghalensis Linn for anti-inflammatory 
and analgesic activity in animal models. 
Indian J Exp Biol. 2010;48(1):39-45. 

13. Mahesh P, Kshtiji A. Prem S. In-vitro     
anti-inflammatory activity of Ficus 
benghalensis. Int Res J Phar. 2013;4(7): 
107-8. 

14. Gabhe SY, Tatke PA, Khan TA. Evaluation 
of immunomodulatory activity of the 
methanol extract of Ficus benghalesis 
roots in rats. Indian J Pharmacol. 2006; 
38(4):271-5. 

15. Bhardwaj LK, Anand L, Chandrul K, Patil 
KS. Study on efficacy of treatment with 
Ficus benghalensis leaf extracts on 
Freund’s adjuvant induced arthritis in rats. 
Int J Drug Dev Res. 2010;2(4);744-9.  

16. Satish A, Kumar RP, Rakshith D, Satish S, 
Faiyaz A. Antimutagenic and antioxidant 
activity of Ficus benghalensis stem bark 
and Moringa oleifera root extract. Int J 
Chem Anal Sci. 2013;4(2):45-8 

17. Sharma S, Chaturvedi M, Edwin E, Shukla 
S, Sagrawat H. Evaluation of the 
phytochemicals and antidiabetic activity of 
Ficus beghalensis. Int J Dev Countries. 
2007;27(2);56-9.  

18. Parameswar SA, Saleem TSM, 
Chandrasekar KB, Chetty CM. Protective 
role of Ficus benghalensis against 
isoniazid-rifampicin induced oxidative liver 
injury in rat. Rev Bras Farmacogn. 2012; 
22(3):604-10. 

19. Mandal SG, Shete RV, Kore KJ, Otari KV, 
Kale BN, Manna AK.   Indian national tree 
(Ficus bengalensis): A review. Int J Pharm 
Life Sc. 2010;1(5):268-73. 

20. Majumder P, Paridhavi M. An ethno-
phytochemical and pharmacological review 
on novel Indian medicinal plants used in 
herbal formulations. Int J Pharm 
Phramaceut Sci. 2013;5(4):74-83. 

21. Subramanian PM, Misra GS. Chemical 
constituents of Ficus benghalensis. Pol J 
Pharmacol Pharm. 1978; 30(4):559-62. 

22. Sheeja C, Vinod KR, Augusti KT. 
Antidiabetic effect of glycoside from 
pelargonidin isolated from the bark Ficus 
bengalensis Linn. Indian J Biochem 
Biophys. 1992;29(4):380-2.  

23. Kumar RV, Augusti KT. Insulin sparing 
action of a leucocynidin derivative isolated 
from Ficus bengalensis Linn. Indian J 
Biochem Biophys. 1994;31(1):73-6.  

24. Daniel RS, Devi KS, Augusti KT. 
Mechanism of action of antiatherogenic 
and related effects of Ficus bengalensis 
Linn. flavonoids in experimental animals. 
Indian J Exp Biol. 2003;41(4):296-303.  



 
 
 
 

Adebayo et al.; EJMP, 9(2): 1-6, 2015; Article no.EJMP.18803 
 
 

 
6 
 

25. Geetha BS, Mathew BC, Augusti KT, 
Hypoglycemic effects of leucodelphinidin 
derivative isolated from Ficus bengalensis. 
Indian J Physiol Pharmacol. 1994;38(3): 
220.  

26. Augusti KT. Hypoglycemic action of 
bengalenoside: A glucoside isolated from 
Ficus bengalensis Linn, in normal and 
Alloxan diabetic rabbits. Indian J Physiol 
Pharmacol. 1975;19(3):218-20.  

27. Augusti KT, Daniel RS, Cherian S, Sheela 
CG, Nair CR. Effect of leucopelargonin 
derivative from Ficus bengalensis Linn on 
diabetic dogs. Indian J Med Res. 1994;(1): 
82-6.  

28. Vikas VP, Vijay RP. Ficus bengalensis. An 
overview. Int J Pharm Biol Sci. 2010;1(2): 
1-11.  

29. Mohammad A, Kamran JN, Javed A, 
Showkat RM. Three new esters from the 
stem bark of Ficus bengalensis Linn. J 
Pharm Res. 2010;3(2):352-5.  

30. Almahy HA, Alhassan NA. Studies on the 
chemical constituents of the leaves of 
Ficus bengalensis and their antimicrobial 
activity. Sudan J Sci Tech. 2011;12(3): 
111-16. 

31. Hosamani KM, Raviraj SP. Occurrence of 
unusual fatty acids in Ficus benghalensis 
seed oil. Ind Crops Prod. 2003;18(2):139-
43. 

32. Rao KVB, Ojha V, Kumar PG, Karthik L. 
Phytochemical composition and 
antioxidant activity of Ficus benghalensis 
(Moraceae) leaf extract. J Biol Active Prod 
Nature. 2014;4(3):236-48. 

33. Lawal OA, Ogunwande IA, Opoku RA. 
Chemical composition of essential oils of 
Plumeria rubra L. grown in Nigeria. Eur J 
Med Plant. 2015;6(1):55-61. 

34. Sonibare MA, Ogunwande IA, Walker TM, 
Setzer WN, Soladoye MO, Essien E. 
Volatile constituents of Ficus exasperata 
Vahl leaves. Nat Prod Comm. 2006;1(9): 
763-5.  

35. Ogunwande IA, Saroglou V, Skaltsa E, 

Ogunbinu AO, Kubmawara D. Constituents 
of some essential oil-bearing plants from 
Nigeria. J Essent Oil Res. 2009;21(1):61-6.   

36. Ogunwande IA, Flamini G, Adefuye AE, 
Lawal NO, Moradeyo S, Avoseh NO. 
Chemical compositions of Casuarina 
equisetifolia L., Eucalyptus toreliana L. and 
Ficus elastica Roxb. Ex Hornem. South Afr 
J Bot. 2011;77(3):645-9. 

37. British Pharmacopoeia. HM Stationary 
Office. 1980;2. 

38. Adams RP. Identification of essential oil 
components by gas chromatography/ 
quadrupole mass spectrometry. 4

th
 Edition, 

Allured Publishing: Carol Stream, Illinois, 
USA; 2007. 

39. Joulain D, Koenig WA. The Atlas of 
Spectral Data of Sesquiterpene 
Hydrocarbons. E.B. Verlag, Hamburg, 
Germany; 1998. 

40. Ogunwande IA, Sonibare MA, Thang TD, 
Dung NX, Soladoye MO, Morohunfolu OO. 
Comparative analysis of the oils of three 
Ficus species from Nigeria. J Essent Oil 
Res. 2008;20(5):387-9.  

41. Ogunwande IA, Jimoh R, Ajetunmobi AA, 
Avoseh NO, Flamini G.  Essential oil 
composition of Ficus benjamina L., 
(Moraceae) and Irvingia barteri Hook. f. 
(Irvingiaceae). Nat Prod Comm. 2012; 
7(12):1673-5. 

42. Aboaba SA, Oladosu IA, Ekundayo O. 
Chemical composition, acetyl 
cholinesterase inhibitory properties and 
brine shrimp toxicity of essential oils from 
Ficus capensis Thunb from Nigeria. Int J 
Biol Chem Sci. 2010;4(5):1491-1500. 

43. Sonibare MA, Sonibare OO, Akharame 
OE, Soladoye MO. Chemical composition 
of essential oils of Ficus elasticiodes De 
Wild., Ficus ovata Vahl and Ficus 
natalensis subsp. leprieurii (Miq.) C.C. 
Berg from Nigeria. J Essent Oil-Bearing 
Plants. 2009;12(3):282-6. 

_________________________________________________________________________________ 
© 2015 Adebayo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1191&id=13&aid=9572 
 


