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ABSTRACT: Essential oils are used as therapeutic agents in aromatherapy. In this study, the chemical 
composition and antimicrobial activity of the essential oils from the epicarp of Afraegle paniculata 
fruits from Nigeria were evaluated. The essential oil was obtained via hydro distillation and chemical 
components of the oils were analysed on Agilent Technologies 7890A gas chromatograph-mass 
spectrometry system. Antimicrobial assay was performed by disc diffusion method. GC-MS analysis 
revealed sixteen compounds consisting mainly of oxygenated monoterpene (39.61 %), esters (15.3 %), 
sesquiterpenes (13.1 %) and sesquiterpene alcohol (9.42 %). The oil showed appreciable activity 
against all the tested microorganisms except Aspergillus niger. At concentration of 1000 µg/ml, the 
inhibitory effect observed for S. aureus was 16 mm followed by 15 mm for B. subtilis and 7 mm for P. 
aeruginosa.  The findings suggest that essential oil from A. paniculata fruits could serve as a valuable 
raw material for perfumery and cosmetic products.  
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INTRODUCTION 
 Medicinal plants are useful in the maintenance of 
human health. Chemical substances from medicinal 
plants have a definite physiological action on the 
human body. Plants have been utilized as therapeutic 
agents since time immemorial in both organized and 
unorganized forms.1 Essential phytochemical 
constituents of plants are flavonoids, alkaloids, 
tannins and phenolic compounds. Plant oils and 
extracts have been used widely for various purposes 
over several years. These applications vary from the 
use of juniper berry oil, lime or fennel in flavouring  
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drinks, to cedar wood and rosewood in perfumery and 
the preservation of stored food crops with lemongrass 
oil.2 Specifically, the antimicrobial activity of plant 
oils and their extracts has formed the foundation of 
many applications such as pharmaceutical, alternative 
medicine, raw and processed food preservation and 
natural therapies.3 The antimicrobial properties of 
some of the oils have been well documented.4 
Essential oils are plant-based volatile oils that are 
made up of different chemical compounds such as 
aldehyde, alcohols, phenol, hydrocarbons, ketones 
and esters; attributing to the major constituents of 
essential oil.5 A vast number of interrelated factors; 
climatic, seasonal and geographical conditions, 
harvest period and extraction techniques determine 
the quantity of essential oil to be extracted from 
plant.6  The stages of plant growth also affect the yield 
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of oils from plants. Several studies have revealed the 
efficiency of essential oils in low doses in combatting 
bacterial pathogens.7,8 even against multi-resistant 
bacteria.9 
 A. paniculata (Schum and Thonn) Engl. is a 
species of tree in the family Rutaceae. It is found in 
West Africa from Senegal to Nigeria and is 
commonly known as Nigerian powder-flask fruit. It is 
a shaft 8 to 15 m tall, with a trunk diameter between 
25 and 40 cm. Its alternating leaves and leaflets are 8 
to 16 cm long. Its fruits are globular or ovoid, like a 
big orange (6-8 cm in diameter at the mature age). A. 
paniculata almonds of the Côte d’Ivoire species have 
relatively high fat matter (38.4 %), which makes it 
useful in oil mill.10 It is cultivated in the villages for 
its multiple uses; nutritional, medicinal etc. The 
extract is used for treatment of malaria.11 
hypertension and infertility.12 Previous studies on the 
fruit of A.  paniculata showed that the mucilage of the 
fruit of the Ghanaian species contains L-arabinose, D-
galactose, L-rhamnose and D-glucuronic acid.13 
Quartey (1961) reported the presence of a coumarin 
and ɣ-sitosterol in the fruit of the species.14 
Phytochemical investigations of A. paniculata 
pericarp extract revealed the presence of several 
coumarins and quinolone alkaloids.15 Tsassia et al. 
(2010) isolated 6',7'–Dimethyl-S-trans-marmin and 
seven other compounds from A. paniculata stem bark 
and investigated their antibacterial, fungicidal, and 
algicidal properties.16 Proximate  analysis of the fixed 
oil obtained from A. paniculata seeds revealed 28.81 
± 0.02 % crude fat, 25.03 ± 0.12 % crude protein, 
10.90 ± 0.03 % moisture,  3.11 ± 0.01 %  ash,  25.19 
± 0.02 %  crude  fibre  and  6.96 ± 0.14 %  
carbohydrate.17 Chemical composition of the essential 
oil extracted from the peel of the fruit of A. 
paniculata from Côte d’ivoire revealed 40 compounds 
including sesquiterpene hydrocarbons (64.49 %), 
monoterpene hydrocarbons (7.82 %), oxygenated 
sesquiterpenes (7.60 %) and oxygenated 
monoterpenes (5.78 %). The major compounds were 
δ-cadinene (11.71 %), α-selinene (9.01 %), α-
cubebene (8.80 %), o-menth-8-ene (6.06 %) and β-
caryophyllene (5.66 %).18 Similarly, the major 
components of the essential oil obtained from the 

leaves were sesquiterpenoids α-copaene, (E)-
caryophyllene, δ-cadinene and caryophyllene oxide.19 
The present study aimed at investigating the chemical 
composition and antimicrobial activity of the essential 
oil extracted from the epicarp of A. paniculata.  
 
MATERIALS AND METHODS  
 Sample collection and identification. A. 
paniculata fruits were collected from the campus of 
Ajayi Crowther University, Oyo State, Nigeria. The 
fruit was identified and authenticated at the Forestry 
Research Institute of Nigeria, Herbarium 
(111394FHI).  
 Sample preparation. The hard epicarp of A. 
paniculata fruits was broken and the brownish 
mesocarp separated. The numerous white seeds were 
manually separated from the segments by washing 
them under water tap in order to remove the 
mucilaginous substance on the seeds. The epicarp was 
cleaned to remove any foreign matters and broken 
into smaller size using a porcelain mortal. It was then 
kept in the refrigerator until further used. 
 Hydrodistillation of essential oil.  A known 
quantity of A. paniculata epicarp was transferred into 
5 litres distillation flask and filled with water to about 
two-third of the flask. The flask was then placed on a 
heating mantle and fitted with all glass Clevenger 
apparatus. Two ml of n-hexane was injected into the 
water column. The extraction was carried out using 
hydro distillation method for about 3 hours at 
thermostat temperature of 80-100 oC.  The set-up was 
closely monitored to ensure that the cold water flows 
continuously through the condenser. The distillate 
was collected over n-hexane using a syringe into a 
weighed vial sample bottle and then reweighed to 
determine % yield. The essential oil was kept in a 
refrigerator prior to antimicrobial and GC-MS 
analysis. 

% 푦푖푒푙푑 =  
푤푒푖푔ℎ푡 표푓 푡ℎ푒 푒푠푠푒푛푡푖푎푙 표푖푙 × 100

푤푒푖푔ℎ푡 표푓 푡ℎ푒 푠푎푚푝푙푒  

 
 Antimicrobial assay and minimum inhibitory 
concentration. The antimicrobial activities of the 
essential oils were performed by the disc diffusion 
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method (DDM) using Mueller-Hinton agar for 
bacteria and Sabouraud dextrose agar for fungi.20 
Discs containing 20 μl of the essential oil was used 
and growth inhibition zones was measured in 
millimetres after 24 h of incubation at 37°C for 
bacteria and at 25oC for 72 h for fungi. Gentamicin 
and nystatin were used as standard antibiotics for 
bacteria and fungus respectively.21 The concentration 
of essential oil achieved through serial dilution ranged 
from 200-1000 µg/mL. The microorganisms tested 
were Salmonella typhi, Pseudomonas aeruginosa, 
Bacillus subtilis, Staphylococcus aureus, Fusarium 
oxysporum and Aspergillus niger. After incubation, 
the minimum inhibitory concentrations (MICs) were 
measured and recorded.22 The MIC was defined as the 
lowest concentration with visible inhibition of growth 
of the microorganism observed. Thereafter, the 
minimum bactericidal concentration (MBC) was 
carried out.23 The MBC is the quadrant with the 
lowest concentration of the essential oil without 
bacterial and fungal growth.  
 Gas chromatography- mass spectrometry 
(GC-MS) analysis. GC-MS analysis of oil obtained 
from A. paniculata epicarp was performed on an 
Agilent Technologies 7890A equipped with 5975 
mass selective detectors (MSD) with an HP-5MS 
capillary column (30 m×0.32 mm, 0.25 µm film 
thickness). The carrier gas used was helium at a 
constant flow rate of 1.8 ml/min.  Injector and 
detector temperature were set at 200°C and 220°C, 
respectively.  Oven temperature was kept at 90 oC for 
2 min, then gradually increased to 220o C at 3o C/min 

and finally held isothermally for 40 min. One 
microliter of the diluted sample (1/100 in hexane, v/v) 
was injected manually (split mode, split ratio 1:16). 
Mass spectra were acquired at 70 eV with mass range 
of 50–300 m/z. Calculation of peak area percentage 
was performed using the GC HP-Chemstation 
software (Agilent Technologies, Santa Clara, CA, 
USA). 
 Identification of components. The components 
were identified by comparing the retention times and 
mass spectra of the chromatographic peaks with those 
of standards analysed under the same conditions.  
Moreover, special software, namely mass lib software 
(V9.3-106; 1996–2008) was used for processing and 
interpretation of mass spectra with commercially 
available libraries included: Wiley Registry of Mass 
Spectral Data (4th Ed.) and NIST/EPA/NIH Mass 
Spectral Library (2005).  
 
RESULTS AND DISCUSSION 
 Antimicrobial assay and minimum inhibitory 
concentration. The antimicrobial activity of the 
essential oil was investigated against some selected 
microorganisms such as S. typhi, P. aeruginosa, B. 
subtilis, S. aureus, F. oxysporum and A. niger. It was 
observed that the antimicrobial activity of the 
essential oil was concentration-dependent and the 
standard antibiotics used were Gentamicin and 
nystatin (Table 1). The essential oil was found to be 
active against five of the tested organisms whereas no 

 
 
Table 1. Antimicrobial screening of essential oil of A. paniculata epicarp (µg/ml). 
 

Test organisms 1000 800 600 400 200 Negative control  

 Bacteria                                                  Zone of inhibition /mm                                       Gentamicin (10µg/ml) 

S. typhi 12.5 10.1 4.0  -  -  - 8.0 

P. aeruginosa 7.0 5.5 4.5 - - - 6.0 

B. subtilis 15.0 11.0 10.0 - - - - 

S. aureus 
Fungus 

16.0 9.5 7.5 - - - 14.0 
Nystatin (10µg/ml) 

F. oxysporum 10.0 9.0 7.5 - - - 11 

A. niger - - - - - - 6 

  (-) means no activity 
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activity was found against A. niger.  As the 
concentration decreased, the zone of inhibition 
decreased. At a concentration of 1000 µg/ml, the zone 
of inhibition observed for S. aureus was 16 mm 
followed by B. subtilis (15 mm) whereas that of P. 
aeruginosa was 7 mm. Similar findings were also 
reported in the work of Arshad et al. (2021) where a 
minimum inhibitory zone was observed for P. 
aeruginosa and S. aureus (7 mm) from the ethyl 
acetate and butanol extract of Saara hardwicikii 
respectively.22 Cazella et al. (2019) reported S aureus, 
B. cereus and P aeruginosa as the most susceptible 
species to essential oil of B dracunculifolia with MIC 
of 0.5, 1.1, and 1.05 mg/ml and MBC of 2.1, 1.5, and 
2.1 mg/ml, respectively.24  
 Generally, at high concentration, the activity of 
the essential oil against the tested microorganisms 
was observed to be quite higher than that of the 
standard antibiotics (Gentamicin); this was similar to 
the findings of Guo et al. (2020), where olive oil 
polyphenolic extract showed strong antimicrobial 
activity against Salmonella typhimurium and 
Staphylococcus aureus.25 At concentration of 400 - 
200 µg/ml, there was no activity against the tested 
organisms. The results of the minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) are presented in table 2. MIC is 
the lowest level of antimicrobial agent that inhibits 
the growth of the tested organism whereas MBC is 
the lowest level of antimicrobial agent that results in 
microbial death.23 MIC of 600 µg/ml was obtained for 
all the tested microorganisms with the exception of A. 
niger.  Concentration below 600 µg/mL seemed to 
have little or no antimicrobial activity.  The MBC of 
1000 µg/ml was obtained for S. typhi, B. subtilis and 
S. aureus. The observed antimicrobial activity of the 
essential oil of A. paniculata epicarp may be 
attributed to the high percentage of linalool in the oil 
which has been reported to have antibacterial 
properties.26 and also act as antifungal agent against 
several fungal strains.27 Similar findings were 
observed in the work of Sripahco et al.28 with 
essential oils obtained from E. splendens which 
showed antibacterial inhibitory activity against S. 

aureus, S. epidermidis, and Propionibacterium acnes. 
Besides, antimicrobial activity appeared to be a result 
of the synergistic effect of the mixture of bioactive 
compounds present in the volatile oil. The results of 
our finding indicated that A. paniculata epicarp 
essential oil seemed to be a good candidate for further 
biological and pharmacological investigations.  
 The volatile nature of the sample was the cause 
of limitation observed during this study. Some of the 
components of the essential oil might have escaped 
during long hours of incubation thereby reducing its 
potency. 
 
Table 2. Minimum inhibitory concentration and minimum 

bactericidal concentration.  
 

Test organisms MIC 
(µg/ml) 

MBC 
(µg/ml) 

S. typhi 600 1000 

P. aeruginosa 600 - 

B. subtilis 600 1000 

S. aureus 600 1000 

Fungus   

F. oxysporum 600 8 

A. niger - - 

 
 MIC: Minimum inhibitory concentration, MBC: Minimum 
bactericidal concentration 

 
Chemical composition of essential oil of A. 
paniculata epicarp. Essential oil with a pale-yellow 
colour and a pleasant odour was obtained from A. 
paniculata epicarp. The major components of the 
sixteen compounds found in the oil include linalool 
(39.61 %), 1-bromo-3-methyl-2-butene (16.53 %), 
trans-nerolidol (9.42%), naphthalene, decahydro-, cis- 
(6.04%), octanoic acid ethyl ester (5.60%), δ-
cardinene (3.96%) and α-copaene (3.51%) (Table 3). 
This composition is different from the data reported 
for the Cote d'Ivoire species (Table 4). The main 
components of the Cote d'Ivoire species were reported 
to be δ-cadinene (11.71%), α-selinene (9.01%), α-
cubebene (8.80%), o menth-8-ene (6.06%), β-
caryophyllene (5.66%) and octanoic acid ethyl ester 
(4.64%).  However, linalool, octanoic acid ethyl ester, 
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Table 3. Chemical composition of essential oil from A. paniculata epicarp. 
 

S/N RT Compound MF MM PA* Structure Bioactivity 

1 4.684 Hexanoic acid, ethyl 
ester 

C8H16O2 144   1.25 

 

Antidiabetic activity, 
anticancer activity 45 

2 6.806 Linalool C10H18O 154  
39.61 

 

Inflammatory, anticancer, 
antimicrobial26, 46 

3 7.156 1-bromo-3-methyl-2-
butene                                     

C5H9Br 149 16.53 

 

Precursor for terpenes 
synthesis47 

4 9.096 7-octenoic acid, ethyl 
ester 

C10H18O2 170   1.48 

 

Insect repellent 48  

5 9.348 Octanoic acid, ethyl 
ester 

C10H20O2 172   5.60 

 

Flavouring and flagrances 38 

6 11.050 Isopentyl hexanoate C11H22O2 186   2.81 

 

Flavours 43  

7 15.733 α-copaene C15H24 204   3.51 

 

Antimicrobial activity39 

8 16.263 Decanoic acid ethyl 
ester 

C12H24O2 200   1.33 
 

Flavouring agent44 

9 17.376 β-Caryophyllene C15H24 204   1.21 

 

Anticancer, 
Antioxidant and 
Antimicrobial properties40 

10 17.978 Butyl benzoate C11H14O2 178   1.39 

 

Food additive and flavouring 
agent43  

11 18.152 Isopentyl octanoate C13H26O2 214   1.44 
 

Food additive and flavouring 
agent43  

12 21.192 δ- cadinene C15H24 204   3.96 

 

Antimicrobial and 
antioxidant properties41 

13 21.613 (z,z)-alpha-farnesene C15H24 204   1.44 

 

Flavouring agent43 

14 22.674 Trans-nerolidol C15H26O 222   9.42 

 

Antimicrobial activity42 

15 22.797 Naphthalene, 
decahydro,cis- 

C10H18 138   6.04 

 

No activity reported 

16 25.125 γ-Himachalene C15H24 204   2.98 

 

Antioxidant and anticancer 
activities 29 

TOTAL                                                                                       100 

 
S/N: Serial number, RT: Retention time, MF: Molecular formula, MM: Molecular mass, PA*: Percentage abundance (%)  
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Table 4. Comparison of the major components of essential oil obtained from Nigeria and Cote d'Ivoire 
species of A. paniculate epicarp. 

 

S/N Compound Nigeria specie Cote d'Ivoire specie 18 
(Konan et al., 2011) 

1 Linalool 39.61 1.74 

2 1-bromo-3-methyl-2-butene 16.53 - 

3 trans-nerolidol  9.42 - 

4 cis- decahydro naphthalene  6.04 - 

5 octanoic acid ethyl ester  5.60 4.64 

6 δ-cadinene  3.96 11.71 

7 α-selinene  - 9.01 

8 α-cubebene  - 8.80 

9 o menth-8-ene  - 6.06 

10 β-caryophyllene  1.21 5.66 

 

δ-cadinene and β-caryophyllene were identified in the 
two oils but in different proportions. The differences 
in the composition of these oils (A. paniculata epicarp 
from Nigeria and Cote d'Ivoire) probably attributed to 
differences in geographical location29,30, plant 
chemotypes, harvesting seasons31-33, drying methods34 
and extraction methods.35,36 Some similarities were 
also observed between volatile compounds found in 
A. paniculata epicarp and those reported for citrus 
peel (Family: Rutaceae). These include linalool, α-
farnesene, β-caryophyllene, δ-cadinene and (E)-
nerolidol.37 The observed antimicrobial activity of the 
essential oil could be traced to the presence of 
linalool, octanoic acid ethyl ester, α-copaene, β-
caryophyllene and δ- cadinene, trans-nerolidol which 
had been reported to exhibit antimicrobial 
activity.26,27,38-42 These compounds accounted for 
63.31% of the total composition of the essential oil 
from A. paniculata epicarp. Among the sixteen 
compounds, octanoic acid, ethyl ester, isopentyl 
hexanoate, decanoic acid ethyl ester, butyl benzoate, 
isopentyl octanoate and (z,z)-alpha-farnesene are used 
as  preservative and food flavouring agents.38,43-44 

 
CONCLUSION 
 This study highlighted antimicrobial activity of 
A. paniculata epicarp essential oil which might be due 
to its high content of oxygenated monoterpene 
hydrocarbons. The oil has potential of finding 
application in the production of topical antiseptic 

products for treatment of various types of skin 
disorders and also as perfumes since oxygenated 
terpenes are used in perfumery due to their expressive 
odour.  However, numerous investigations should be 
carried out on their mode of action and their probable 
toxicological effects in order to optimize this 
potential. Sample collection hindered the progress of 
study because A. paniculata is gradually becoming an 
endangered plant species. 
 
Conflict of interest  
The authors have no conflict of interest to declare. 
 
ACKNOWLEDGEMENT 
 The authors are grateful to Chemistry 
Department, University of Ibadan, Ibadan, Nigeria for 
the enabling environment provided for carrying out 
the study. 
 
REFERENCES. 
1. Abida, K., Hidayatullah, T., Ruqiaya, N. and Bashir, A. 2018. 

In vitro and in vivo anthelmintic activities of Iris kashmiriana 
Linn. J. Saudi Soc. Agric. Sci. 17, 235-240.  

2. Amir, M.B., Shabbar, A., Barkat, A., Hamid, M. and 
Mohamed, Y.A. 2016. Compr. Rev. Food Sci. Food Saf. 45, 
143-182. 

3. Imael, H.N. and Juliani, H.R. 2012. Essential oils in 
combination and their antimicrobial properties. Molocules 17, 
3989-4006. 

4. Tajkarimi, M.M., Ibrahim, S.A. and Chiver, D.O. 2010. 
Antimicrobial herb and spice compounds in food. Food 
Control. 21, 1199-1218. 



GC-MS Analysis and Antimicrobial Evaluation of Essential Oil 79 

5. Younis, A., Riaz, A., Khan, M.A., Khan, A.A. and Pervez 
M.A. 2008. Extraction and identification of chemical 
constituents of the essential oil of Rosa species. Acta Hortic. 
766, 485-492. 

6. Morten, H., Tina, M. and Rikke, L. 2012. Essential oil in food 
preservation: mode of action, synergies, and interactions with 
food matrix components. Front Microbiol. 3, 12.  

7. Oussalah, M., Caillet, S., Saucier, L. and Lacroix, M. 2006. 
Antimicrobial effects of selected plant essential oils on the 
growth of a Pseudomonas putida strain isolated from meat. 
Meat Sci. 73, 236-244.  

8. Oussalah, M., Caillet, S., Saucier, L. and Lacroix, M. 2007. 
Inhibitory effects of selected plant essential oils on the growth 
of four pathogenic bacteria: E. coli O157:H7, Salmonella 
typhimurium, Staphylococcus aureus and Listeria 
monocytogenes. Food Control 18, 414-420.  

9. Mayaud, L., Carricajo, A., Zhiri, A. and Aubert G. 2008. 
Comparison of bacteriostatic and bactericidal activity of 13 
essential oils against strains with varying sensitivity to 
antibiotics. Lett. Appl. Microbiol. 47, 167-173.  

10. Souleymane, B., Janat, A.M., David, V., Guy, R.M.K., Jean-
Luc P. and Yves-Alain B. 2015. Analysis of a rutaceae fat 
matter from Côte d’Ivoire. Der. Chemica Sinica. 6, 47-50. 

11. Asase, A., Oteng-Yeboah, A.A., Odamtten, G.T., and 
Simmonds, M.S.J. 2005. Ethnobotanical study of some 
Ghanaian anti-malarial plants. J. Ethnopharmacol. 99, 273-
279.  

12. Igoli, J.O., Ogaji, O.G., Tor-Anyiin, T.A. and Igoli, N.P. 
2005. Traditional medicine practice amongst the Igede people 
of Nigeria. Afr. J. Tradit. Complement. Altern. Med. 2, 134-
152. 

13. Torto, F. G. 1961. The composition of Afraegle paniculata 
mucilage. J. Chem. Soc. (Resumed), 5234-5236. 

14. Quartey, J.A.K. 1961. Chemical examination of the fruit of 
Afraegle paniculata (Schum & Thonn) Engl. III. Indian J. 
Appl. Chem. 24, 55-6 

15. Reisch, J. and Mueller, M. 1983. Studies on the chemistry of 
natural products. Pharmazie. 38, 631-632. 

16. Tsassia, V.B., Hussainb, H., Meffoa, B.Y., Simeon, F., 
Kouamb, C., Dongoa E., Schulzd, B., Ivan, R.G. and Krohnb, 
K. 2010. Antimicrobial coumarins from the stem bark of 
Afraegle paniculata. Nat. Prod. Commun. 5, 559-561. 

17. Babatunde, O., Ajayi, G., Ajayi, O.O., and Ajayi I.A. 2021. 
Chemical composition of seeds and seed oil of Afraegle 
paniculata (Rutaceae). J. Chem. Soc. Nigeria. 46, 0409-0416.  

18. Konan, N.S., Kouamé, B.A., Bossoh, A.M., Mamyrbekova-
Békro, J.A., Konan, K.M., Nemlin, G.J., Pirat, J.L. and Békro, 
Y.A. 2011. Etude Chromatographiquen et Activite Anti 
Oxydante de L'huile Essentielle de Afraegle paniculata 
(Rutaceae). Eur. J. Sci. Res. 63, 482-488. 

19. Owolabi, S.M., Ogundajo, A.L., Ewekeye, T., Sharaibi, J.O., 
Dosoky, S.N. and Setzer, N.W. 2020. Chemical composition, 
antibacterial and antifungal activities of the leaf essential oil 
of Afraegle paniculata (Schumach. & Thonn.) Engl. 
J. Essent. Oil-Bear. Plants 23, 1356-1362. 

 

20. Adeleke, M.A. 2018. Indiscriminate solid waste dumping 
sites and its public health implications in Osogbo, 
Southwestern Nigeria. Ann. West Univ. Timiş., Ser. Biol. 21, 
143-148. 

21. Wayne, P. 2014 Clinical and Laboratory Standards Institute: 
Performance standards for antimicrobial susceptibility testing: 
Twenty-fourth informational supplement, M100-S24. Clinical 
and Laboratory Standards Institute (CLSI). 34. 

22. Arshad, M., Ruby, T., Shahzad, M.I., Alvi, Q., Aziz, M., 
Sahar, S., Amjad, R., Waheed, A., Muhammad, S.G., 
Shaheen, A. and Ahmed, S., 2022. An antimicrobial activity 
of oil extracted from Saara hardwickii. Braz. J. Biol. 84, 1-7 

23. French, G.L. 2006. Bactericidal agents in treatment of MRSA 
infections-the potential role of daptomycin. J. Antimicrob. 
Chemother. 58, 1107-17. 

24. Cazella, L.N, Glamoclija, J, Sokovic´, M, Gonçalves, J.E., 
Linde, G.A., Colauto, N.B. and Gazim, Z.C. 2019. 
Antimicrobial activity of essential oil of Baccharis 
dracunculifolia DC (Asteraceae) aerial parts at flowering 
period Front. Plant Sci. 10, 27.  

25. Guo, L., Gong, S., Wang, Y., Sun, Q., Duo, K. and Fei P. 
2020. Antibacterial activity of olive oil polyphenol extract 
against Salmonella typhimurium and Staphylococcus aureus: 
possible mechanisms. Foodborne Pathog. Dis. 17, 396-403.  

26. Trombetta, D., Castelli, F., Sarpietro, M.G., Venuti, V., 
Cristiani, M., Daniele, M., Sajia, A., Mazzanti, G. and 
Bisignano, G. 2005. Mechanism of antibacterial action of 
three monoterpenes. Antimicrob. Agents Chemother. 49, 
2474-2478.  

27. Pattnaik, S., Subramanyam, V.R., Bapaji, M. and Kole, C.R. 
1997. Antibacterial and antifungal activity of aromatic 
constituents of essential oils. Microbios. 89, 39-46 

28. Sripahco, T., Khruengsai, S. and Charoensup, R. 2022. 
Chemical composition, antioxidant and antimicrobial activity 
of Elsholtzia beddomei C.B. Clarke ex Hook. f. essential oil. 
Sci. Rep. 12,  2225 

29. Yin, J., Li, X., Huang, F.F., Lu, M.H., Yang, J. and Zhu, L.Y. 
2019. Chemical composition, antioxidant and anticancer 
activity of the essential oil from Myric rubra leaves. In: IOP 
Conference Series: Earth and Environmental Science 346 p. 
012085. IOP Publishing. 

30. Mechergui, K., Coelho, J.A., Serra, M.C., Lamine, S.B., 
Boukhchina, S. and Khouja, M. L. 2010. Essential oils of 
Origanum vulgare L. subsp. glandulosum (Desf.) Ietswaart 
from Tunisia: chemical composition and antioxidant activity. 
J. Sci. Food Agric. 90, 1745-1749.  

31. Hussaina, A.I., Anwar, F., Sherazi, S.T.H. and Przybylski, R. 
2008. Chemical composition, antioxidant and antimicrobial 
activities of basil (Ocimum basilicum) essential oils depends 
on seasonal variations. Food Chem. 108, 986-995. 

32. Figueiredo, A.C., Barroso, J.G., Pedro, L.G. and Scheffer, 
J.C. 2008 Factors affecting secondary metabolite production 
in plants: volatile components and essential oils. Flavour 
Fragr. J. 23, 213-226.  

33. Taiz, L. and Zeiger, E. 2010. Plant physiology. 5th ed. MA, 
USA: Sinauer Associates Inc., Publishers Sunderland 782.  



80 Babatunde et al. 

34. Di-Cesare, L.F., Forni, E., Viscardi, D. and Nani, R.C. 2003. 
Changes in the chemical composition of basil caused by 
different drying procedures. J. Agric. Food Chem. 51, 3575-
3581.  

35. Burt, S. 2004. Essential oils: their antibacterial properties and 
potential applications in foods—a review. Int. J. Food 
Microbiol. 94, 223-253. 

36. Karakaya, S., El, S.N., Karagözlü, N. and Sahin, S 2011. 
Antioxidant and antimicrobial activities of essential oils 
obtained from oregano (Origanum vulgare spp. hirtum) by 
using different extraction methods. J. Med. Food 14, 645-652.  

37. González-Mas, M.C., Rambla, J.L., López-Gresa, M.P., 
Blázquez, M.A. and Granell A. 2019. Volatile compounds in 
Citrus essential oils: a comprehensive review. Front. Plant 
Sci. 10, 12. 

38. Fahlbusch, K.G., Hammerschmidt, F.J., Panten, J., 
Pickenhagen, W., Schatkowski, D., Bauer, K., Garbe, D. and 
Surburg, H. 2003 Flavors and Fragrances. Ullmann’s 
Encyclopedia of Industrial Chemistry; Wiley-VCH Verlag 
GmbH & Co. KGaA: New York 15, 74-198 

39. Moses, S.O., Akintayo, O., Kamil, O.Y., Labunmi, L., 
Heather, E.V., Jessika, A.T. and William, N.S. 2010. 
Chemical composition and bioactivity of the essential oil of 
Chromolaena odorata from Nigeria Rec. Nat. Prod. 4, 72-78. 

40. Dahham, S.S., Tabana, Y.M., Iqbal, M.A., Ahamed, M.B., 
Ezzat, M.O., Majid, A.S. and Majid, A.M. 2015. The 
anticancer, antioxidant and antimicrobial properties of the 
sesquiterpene β-caryophyllene from the essential oil of 
Aquilaria crassna. Molecules 20, 11808-11829.  

41. González, A.M., Tracanna, M.I., Amani, S.M., Schuff, C., 
Poch, M.J., Bach, H. and Catalán, C.A.N. 2012. Chemical 
composition, antimicrobial and antioxidant properties of the 
volatile oil and methanol extract of Xenophyllum poposum. 
Nat. Prod. Commun. 7, 1663-1666. 

42. Braca, A., Siciliano, T., D’Arrigo, M. and Germanò, M.P. 
2008. Chemical composition and antimicrobial activity of 
Momordica charantia seed essential oil. Fitoterapia 79, 123-
125.  

43. EPA Chemical and Products Database (CPDat) 2021. 
Available: https:// comptox.epa.gov/ dashboard/ DTXS  
Accessed 17 Dec. 2021. 

44. FAO/WHO Food Additive Evaluations (JECFA) 2020 
https://apps.who.int/food-additives-contaminants-jecfa-
database/chemical.aspx? chem Accessed 17 Dec. 2021. 

45. Duke’s Phytochemical and Ethnobotanical Databases. 2013. 
Phytochemical and Ethnobotanical Databases. www. 
arsgov/cgi-bin/duke/. Accessed 17 Dec. 2021. 

46. Pereira, I., Severino, P., Santos, A.C., Silva, A.M.B. and 
Souto, E 2018. Linalool bioactive properties and potential 
applicability in drug delivery systems. Colloids Surf. B, 
Biointerfaces 171, 566-578. 

47. Arroo, R. 2007. Eberhard Breitmaier. Terpenes-Flavors, 
Fragrance,s, Pharmaca, Pheromones. Appl. Organomet. 
Chem. 21, 377.  

48. Costantini, C., Birkett, M.A., Gibson, G., Ziesmann, J., 
Sagnon, N.F., Mohammed, H.A., Coluzzi, M. and Pickett J.A. 
2001. Electroantennogram and behavioural responses of the 
malaria vector Anopheles gambiae to human-specic sweat 
components. Med. Vet. Entomol. 15, 259-266. 

 

https://
https://apps.who.int/food-additives-contaminants-jecfa-

