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ABSTRACT 

Ocimum tenuiflorum L., commonly known as holy basil, is an aromatic culinary and medicinal herb. The essential oils 

isolated from the fresh leaves and flowers of O. tenuiflorum were subjected to gas chromatography-mass spectrometry (GC-

MS). The analyses facilitated the identification of twenty-three constituents in the leaf oil, accounting for 99.8% of the oil 

composition; thirty-five compounds were also detected in the floral oil, which amounted to 97.4% of the total oil composition. 

The main constituents in the leaf oil were methyl eugenol (82.9%) and germacrene D (5.1%), whereas methyl eugenol 

(63.6%), germacene D (9.7%), and α–α-bulnesene (5.2%) were major compounds in the floral oil. The leaf and floral oils 

were, respectively, predominantly composed of oxygenated components (85.7% and 69.6%) compared with hydrocarbons 

(14.1% and 27.8%). In addition, the percentage compositions of various classes of compounds in the leaf and floral oils were, 

respectively, monoterpene (0.7 and 0.9%), sesquiterpene (13.4 and 26.9%), monoterpenoid (0.8 and 1.3), sesquiterpenoid 

(1.5 and 4.6%), and phenylpropanoid (83.4 and 63.7%). Ocimum tenuiflorum is shown to be a potential source of methyl 

eugenol and could be considered as a potential natural source of methyl eugenol, with possible applications as a food 

preservative owing to its antioxidant and antimicrobial properties.  
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INTRODUCTION 

Ocimum tenuiflorum L. (syn. Ocimum sanctum L.), 

commonly known as holy basil or Tulsi, is an aromatic 

perennial shrub belonging to the family Lamiaceae (Ata and 

Kapoor, 1989). It is an erect, many-branched sub-shrub, 30–

60 cm tall with hairy stems. The leaves are green or purple; 

they are simple, petiolate, with an ovate blade up to 5 cm 

long, which usually has a slightly toothed margin; they are 

also strongly scented and have a decussate phyllotaxy. The 

purplish flowers are placed in close whorls on elongated 

racemes (Warrier, 1995). It is cultivated in many parts of the 

world, particularly in tropical and sub-tropical regions, for 

its medicinal, religious and cultural significance (Yadav and 

Sardesai, 2002). It has a long history as a culinary herb, and 

its foliage adds a distinctive flavour to many foods due to the 

presence of aroma compounds in its essential oils (Ali et al., 

2015).   

 

In ethnomedicine, O. tenuiflorum extracts are used as a 

remedy for colds, headaches, stomach disorders, 

inflammation, heart disease, and malaria; the leaves are 

consumed in many forms, as herbal tea, dried or fresh 

powder (Siva et al., 2016). Several studies on the extracts of 

O. tenuiflorum have indicated anti-inflammatory, 

antioxidant, immune-modulatory and anti-stress properties 

(Sen et al., 1992; Singh et al., 1996; Mauli et al., 1997; 

Mediratta et al., 2002; Sethi et al., 2003). In addition, it has 

been reported to have radio-protective and anti-carcinogenic 

properties (Devi, 2000). The compositional variation of 

essential oils depends on species chemotype, location, 

climate, edaphic, and geographical locations (Rawat et al., 

2023). Although the composition of the essential oils of O. 

tenuiflorum in different climes (India, Pakistan, and 

Australia) varies, prevalent components are 

phenylpropanoids (eugenol and methyl eugenol) and 

sesquiterpenes (Kothari et al., 2005; Joshi, 2013; Yamani et 

al., 2016; Hussain et al., 2017; Tomar et al., 2023; Bhatnagar 

and Pimoli, 2025).  

 

There is a paucity of information on the essential oil 

composition of O. tenuiflorum grown in Nigeria; hence, the 

need to provide data on its compositional profile to aid in the 

understanding of various chemotypes of this species across 

different environments and their potential applications. In 

continuation of our systematic evaluation of the chemistry of 

volatiles of the Ocimum species grown in Nigeria (Essien et 

al., 2018), we present herein the chemical composition of 

essential oils from the leaves and flowers of O. tenuiflorum. 

MATERIALS and METHODS 

Plant Collection and Authentication 

The leaves and flowers of O. tenuiflorum were collected in 

June 2023, from a garden in Ikot Ekpene Local Government 

Area (5°11'N 7°43'E), Akwa Ibom State, Nigeria. The plant 

was identified by a taxonomist in the Department of Botany 

and Ecological Studies, University of Uyo, and a voucher 

specimen (UUH 4003) was deposited in the departmental 

herbarium. 

Extraction of Essential Oils 

The essential oils of the fresh leaves and flowers of O. 

tenuiflorum were obtained by hydro-distillation (4 h) using 

a Clevenger-type apparatus. The oil was dried over sodium 
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sulfate (Sigma-Aldrich, St. Louis, MO, USA) and stored in 

a refrigerator (4 °C) before analysis. 

 

Gas Chromatography-Mass Spectrometry (GC-MS) 

Analysis 

GC-MS analyses were performed using a Varian CP-3800 

gas chromatograph, equipped with a HP-5 capillary column 

(30 m×0.25 mm; coating thickness, 0.25 μm) and a Varian 

Saturn 2000 ion trap mass detector. Analytical conditions: 

injector and transfer line temperatures 220 and 240 °C, 

respectively; oven temperature programmed from 60 to 240 

°C at 3 °C/min; carrier gas helium at 1 ml/min; injection of 

0.2 μL (10 % hexane solution); split ratio of 1:30. 

Identification of constituents was based on comparison of 

retention indices with those of authentic samples (Sigma-

Aldrich, USA); this implied comparing their linear retention 

indices (LRIs) with the series of n-hydrocarbons and using 

computer matching against commercial (NIST 2014 and 

ADAMS) and in-house library mass spectra (built up from 

pure substances and components of known oils) and 

literature mass spectral data (Adams, 2007).. 

RESULTS AND DISCUSSION 

The volatile constituents of the leaves and flowers of O. 

tenuiflorum, obtained by hydrodistillation and analysed by 

GC-MS, are listed in Table 1. Twenty-three constituents 

were identified in the leaf oil, accounting for 99.8% of the 

oil composition, while thirty-five constituents were detected 

in the floral oil which amounted to 97.4% of the total oil 

composition. The main volatile compounds in the leaf oil 

were methyl eugenol (82.9%) and germacrene D (5.1%), 

whereas methyl eugenol (63.6%), germacrene D (9.7%), and 

α-bulnesene (5.2%) were major compounds in the floral oil. 

Therefore, the main volatile compounds common to both 

leaf and floral oils of O. tenuiflorum were methyl eugenol 

and germacrene D (Figure 1).  

Similarly, a high content of phenylpropanoids (eugenol or 

methyl eugenol) was also reported for the India-grown O. 

tenuiflorum. The essential oil from whole herb, leaf, stem 

and inflorescence of O. tenuiflorum was shown to contain 

high amount of methyl eugenol (72.5%, 75.3%, 83.7% and 

65.2%, respectively) (Kothari et al., 2005); methyl eugenol 

(92.4%) in the essential oil from the aerial part of O. sanctum 

(Joshi, 2013); eugenol (54.0%) in O. sanctum (Tomar et al., 

2023); eugenol (59.95%) in O. sanctum (Bhatnagar and 

Pimoli, 2025). In contrast, the essential oil from the aerial 

part of O. sanctum cultivated in Pakistan was reported to 

contain a relatively low amount of phenylpropanoid 

(eugenol; 22.0%) (Hussain et al., 2017). The report by 

Yamani et al. (2016) also indicated low levels of phenyl 

propanoid (eugenol; 7.49% and 13.77 %, respectively) in the 

essential oils from the flowers and leaves of O. tenuiflorum 

grown in Australia. The eugenol content (20.95% and 

83.47%) in the leaf essential oil of O. sanctum was obtained 

by hydro-distillation and solvent extraction methods, 

respectively (Adeyemo et al., 2015); this report contrasts 

with our findings for the Nigeria grown sample which 

contained a relative high proportion of methyl eugenol, with 

no detection of eugenol in both leaf and floral essential oils. 

The predominance of phenylpropanoids in the Nigerian and 

Indian-grown O. tenuiflorum compared to reports from 

Pakistan and Australia may be attributed to species 

chemotype or edaphic factors.

 

Table 1: Chemical composition of the leaf and floral essential oils of Ocimum tenuiflorum  

Constituents LRI Leaf oil 

(%) 

Floral oil 

(%) 

Constituents LRI Leaf oil 

(%) 

Floral oil 

(%) 

α-Pinene 941 0.2 0.3 Bicyclosesquiphellandrene 1491 - 0.3 

Camphene 955 0.2 0.2 Viridiflorene 1494 0.2 0.9 

Sabinene 977 0.1 0.1 α-Bulnesene 1507 2.2 5.2 

β-Pinene 981 0.2 0.3 Cubebol 1515 - 0.4 

Linalool 1101 0.1 0.6 δ-Cadinene 1524 0.8 1.6 

Borneol 1168 0.7 0.7 Cubenene 1533 - 0.2 

α-Cubebene 1352 0.2 0.3 Elemol 1550 0.2 0.4 

Eugenol 1358 0.5 0.1 Caryophyllene oxide 1582 - 0.6 

α-Copaene 1377 1.6 3.0 Humulene epoxide II 1607 - 0.1 

β-Bourbonene 1385 0.8 0.8 1,10-Di-epi-cubenol 1615 - 0.4 

β-Cubebene 1391 0.8 1.5 1-Epi-cubenol 1629 - 0.2 

β-Elemene 1392 1.3 2.1 γ-Eudesmol 1632 0.1 0.2 

Methyl 

eugenol 

1403 82.9 63.6 τ-Cadinol 1641 0.2 0.5 

β-Copaene 1430 - 0.1 α-Muurolol 1646 - 0.2 

α-Humulene 1455 0.4 0.4 β-Eudesmol 1651 - 0.2 

β-Chamigrene 1476 - 0.2 Selin-11-en-4α-ol 1653 0.8 1.1 

Germacrene D 1482 5.1 9.7 Bulnesol 1667 0.2 0.3 

β-Selinene 1487 - 0.6 Total  99.8 97.4 

Note: LRI: Linear retention index; -: Not detected. 
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Fig. 1: Chemical structures of the major volatile compounds identified in the essential oils of O. tenuiflorum: (A) Methyl 

eugenol and (B) Germacrene D. 

 

Table 2: Percentage composition of the different classes of 

compounds in the leaf and floral essential oils of Ocimum 

tenuiflorum 

Class of Compounds Leaf oil (%) Floral oil 

(%) 

Monoterpene 

hydrocarbons 

0.7 0.9 

Oxygenated monoterpenes 0.8 1.3 

Sesquiterpene 

hydrocarbons 

13.4 26.9 

Oxygenated 

sesquiterpenes 

1.5 4.6 

Phenylpropanoids 83.4 63.7 

Total 99.8 97.4 

 

CONCLUSION 

This study demonstrates that Nigerian-grown Ocimum 

tenuiflorum is a rich source of methyl eugenol, with higher 

concentrations compared to reports from Pakistan and 

Australia, but comparable to Indian accessions. The 

predominance of phenylpropanoids highlights its potential 

for industrial applications as a natural preservative and 

antimicrobial agent. Further studies should investigate the 

biological activities and safety aspects of methyl eugenol-

rich essential oils to support potential applications.  
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