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INTRODUCTION 

The use of Basil (Tulsi) against human diseases traced 

back from the period of Rigveda (ca. 1500 BC) and has 

mythological significance in Hindu rituals. Ocimum is 

one of the most versatile genuses of medicinal and 

strongly aromatic plants available plenty in the tropical 

and subtropical region of Asia and central South Ameri-

ca, comprises annual or perennial, much branched 

herb and shrub, native to the subtropical region of Asia 

(Labra et al., 2004). So far in India about nine species 

of Ocimum have been reported (Rana amd Blazquez, 

2015). Traditionally Ocimum species have been used 

for the treatment of common cold and cough, fever, 
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bronchitis, asthma, tuberculosis, earache, dysentery, 

ringworm infection and memory enhancer (Vidyarthi et 

al., 2013; Chowdhury et al., 2016, Chowdhury et al., 

2019) and are well documented in Ayurveda. Reports 

have claimed that Ocimum extracts have antibacterial, 

antifungal (Vieira et al., 2014; Chaturvedi et al., 2018; 

Chintaluri and Komarraju, 2019) insecticidal and most 

interestingly insect (against mosquitoes) repellent prop-

erties (Bhavya et al., 2018; Benelli et al., 2019; Lim et 

al., 2019). Additionally, O. sanctum has adaptogenic, 

antidiabetic, anticancer and anti-inflammatory, anti-

stress, anti-carcinogenic, hepato-protective, radio-

protective, neuro-protective, cardio-protective and im-

munomodulatory effects (De Lima et al., 2014; Singh et 

al., 2017; Singh and Chaudhuri, 2018).  

Recently, research in Ocimum has accelerated after 

finding its HIV-1 reverse transcriptase inhibitory activity

(Sonar et al., 2017) and decrease platelets aggregation 

induced by ADP and thrombin (Tohti et al., 2006). 

Fresh or dried Basil leaves can be used as a spice and 

in different culinary applications. It is an important 

source of essential oils which are broadly used by per-

fume and cosmetic industries like body spray, hair 

dressings, soaps, dental creams, mouth washes, fla-

vouring beverages, food preservative and in pharma-

ceuticals. It is also a very good source of proteins, car-

bohydrates, minerals, fat, fiber, mucilage, pigments and 

moderately high concentration of vitamins such as A, C, 

E and K (Singh and Chaudhuri, 2018; Zahran et al., 

2020). 

Plants’ extracts have always been a better choice 

against human ailments. However, the advent of mod-

ern synthetic drugs has superseded the place. The in-

discriminate use of antimicrobial agents has resulted in 

the emergence of a number of drug-resistant bacteria 

and fungi. Advanced antimicrobial agents with novel 

mode of biochemical action must be developed to over-

come the increasing risk of resistant pathogenic mi-

crobes. As natural products have an imprint of biologi-

cal structural space, they may be the best alternative in 

future against synthetic drugs. Frequent studies have 

revealed that different Ocimum essential oils are active 

against several bacteria as well as against yeasts and 

fungi (Stanojevic et al. 2017; Chintaluri and Komarraju, 

2019; Vieira et al., 2014; Mohr et al., 2017). Diets rich in 

selected natural antioxidants such as polyphenols, fla-

vonoids, vitamin C and E are related to reducing cardio-

vascular risk, other chronic diseases and certain types 

of cancer. This leads to the revival of interest to intake 

plants-based dietary supplement which serves as an 

alternative source of vitamins, minerals and natural an-

tioxidants. In addition, people nowadays prefer organic 

cultivation and natural food additives, hence naturally 

derived antimicrobial agents such as Basil are becom-

ing more important in antimicrobial packaging as they 

present a perceived lower risk to consumers (Sappakul 

et al., 2003; Nguefack et al., 2009). 

Most of the earlier workers from India and abroad have 

shown the variation of metabolites (phenylpropanoids 

and terpenes) of different Ocimum species and their 

varieties (Mondello et al., 2002; Padalia and Verma, 

2011; Verma et al., 2013; Verma et al., 2016). This may 

lead to exclusion or increase/decrease in the quantity 

of some important molecules such as carbohydrates, 

amino acids and vitamins in the extracts of the natural 

population of Ocimum species under the influence of 

local ecology. A complete study of the metabolites of 

Basil extracts from its natural habitat under a given 

ecological condition and their antimicrobial activities are 

therefore an unrest demand in the contemporary litera-

ture. The present work is reporting the detail identifica-

tion and quantitation of metabolites present in the etha-

nolic extracts of Ocimum using GC-MS and antibacteri-

al activities (MIC values) of nine species grown natural-

ly in Dakshin Dinajpur district, West Bengal, India. 

MATERIALS AND METHODS 

Plant materials 

After an extensive survey, the fresh mature leaves of 

nine taxa of tulsi (Ocimum sp.) were collected from var-

ious places of Dakshin Dinajpur, West Bengal, India, 

during flowering stage in August-September, 2019. 

Two morphotypes of O. tenuiflorum L. (Green and pur-

ple type) two morphotypes of O. basilicum L. (/Babu 

and Marua tulsi) two morphotypes of O. gratissimum L. 

(Ram and Ajowan tulsi) and one each from O. ameri-

canum L. (Bon tulsi), O. × africanum Lour. (Lebu tulsi), 

and O. kilimandscharicum Guerke. (Karpur tulsi) were 

taken  for this study. All the specimens were identified 

by the Botanical Survey of India, Kolkata. Voucher 

specimens of each taxa was submitted in the North 

Bengal University herbarium at Department of Botany, 

West Bengal, India. 

Preparation of plant ethanolic extracts 

The harvested leaves of different samples were dried 

under shade and ground to powder in a grinder. Extrac-

tion was performed at room temperature in closed vials 

using ethanol as the solvent for 7 days. Ethanol was 

recovered under reduced pressure by a rotary evapora-

tor (Buchi RotavaporR-3; Buchi Labortechnik AG, 

Flawil, Switzerland) at 45 °C. Yellow-greenish ethanolic 

extracts were lyophilized and kept in vials at 4 °C. 

Gas chromatograph - Mass spectrometry (GC-MS) 

analysis 

The chemical compositions of the nine ethanolic ex-

tracts of Ocimum taxa were identified using GC–MS 

followed by NIST library search. Each sample was ly-

ophilised and suspended in 100 mL of methanol. 100 

μL of this diluted sample was completely dried by pass-
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ing nitrogen gas. All samples were derivatised using 30 

μL pyridine and 50 μL BSTFA:TMCS (99:1) and incu-

bated for 60 min at 60 °C. GC analyses were carried 

out on the derivatised samples in an Agilent system 

7890A equipped with a DB 5 MS capillary column (30 

mL x 0.25 mm ID x 0.25 μm film thicknesses dimen-

sion). The helium flow rate was maintained at 1.0 mL/

min. The initial column temperature was maintained at 

70 °C with 2 min hold time. Then ramp the temperature 

to 150 °C at the rate of 5 °C/min and again to 280 °C at 

the rate of 3 °C/min with 2 min hold time and finally to 

320 °C temperature at the rate of 10 °C with 3 min hold 

time.  1.0 μL of the sample was subjected to GC-MS 

using the split mode (split ratio 10:1). The GC-MS anal-

ysis was done on the Agilent system 5975CMSD (Mass 

selective detector). Ionization for MS was Electron Im-

pact Ionization with ionization energy of 70 eV and 

mass analyzer was single quadrupole. Mass spectra 

scan range was from 30 m/z – 600 m/z with +ve polari-

ty. The interface temperature was set at 310 oC, source 

temperature at 250 oC and quadruple temperature at 

150 oC. Prior to the acquisition, MSD was auto tuned 

with FC43 (perfluorotributylamine). The GC-MS data 

was deconvoluted using AMDIS v2.7 (Automated Mass 

Spectral Deconvolution and Identification System) soft-

ware. AMDIS extracts spectral data from co-eluting 

compounds by performing noise reduction and back-

ground subtraction. The deconvoluted spectra were 

then compared with the spectra available in the Nation-

al Institute Standard and Technology (NIST 2011) li-

brary to identify the compounds. Relative percent of 

metabolites in a mixture was calculated by dividing 

peak area of the metabolite to the total peak area of all 

metabolites and multiply the result by 100. 

Test microorganisms 

The antibacterial activity was evaluated against four 

microorganisms including Gram-positive Bacillus cere-

us (MTCC 1305), Staphylococcus aureus (MTCC 96) 

and Gram-negative Proteus vulgaris (MTCC 1771) and 

Escherichia coli (MTCC 2939). All the bacterial strains 

were obtained from the Institute of Microbial Technolo-

gy, Chandigarh, India. Bacterial strains were main-

tained on nutrient agar (HiMedia, Mumbai, India) slants 

and the cultures were stored at 4 °C with a subculture 

period of 30 days. 

Determination of antibacterial activity by disc  

diffusion method 

In vitro antibacterial activity of ethanolic extracts of nine 

Ocimum taxa were studied against two Gram-positive 

and two Gram-negative bacterial strains by agar disc 

diffusion method according to the protocol by National 

Committee for Clinical Laboratory Standards, 1997 

(Patel 2016). The nutrient agar (HiMedia Laboratories 

Limited, Mumbai, India) was autoclaved at 121 °C and 

1 atm for 30 minutes. The sterile nutrient media was 

kept away maintaining the temperature at 45-50 °C, 

after that 100 μL of bacterial suspension containing 108 

colony-forming units (CFU)/mL were mixed with sterile 

liquid nutrient agar and poured into the sterile petri 

dishes. Upon solidification of the media, filter discs (5 

mm diameter) were individually soaked with different 

concentration (25, 50, 75 and 100 mg/mL) of each Oci-

mum extract and placed on the solidified nutrient agar 

media plates. The different concentrations were made 

by dissolving the lyophilized extracts in 10% dimethyl 

sulfoxide (DMSO). Throughout the experiment, solvent 

control (DMSO) was used that showed no inhibition. 

The plates were incubated for 24 hours at 37 °C. The 

diameter of the zone of inhibition (including disc diame-

ter of 5 mm) was measured with a scale. Each experi-

ment was done thrice to minimize any experimental 

error and the mean values were taken. 

Determination of minimum inhibitory concentration 

(MIC) 

The minimum inhibitory concentration was measured 

by Broth Micro dilution susceptibility method. A serial 

dilution of plant extracts was made in Nutrient broth 

medium. Then 1 mL of standard (0.5 McFarland) bac-

terial suspension was inoculated into each of these 

tubes. A similar nutrient broth tube without plant extract 

was also inoculated and used as a negative control. 

The tubes were incubated at 37 °C for 24 hours. The 

lowest concentration of plant extract, which inhibited 

bacterial growth was considered as minimum inhibitory 

concentration. Final confirmation was done by streak-

ing on nutrient agar medium. 

RESULTS AND DISCUSSION 

Chemical composition 

A detail analyses of GC-MS data (Fig. 1; Table 1) 

showed that in the ethanolic extracts of nine naturally 

grown Ocimum taxa, carbohydrates were the major 

components for O. tenuiflorum (Krishna tulsi), O. amer-

icanum (Bon tulsi), O. gratissimum (Ram tulsi), O. ba-

silicum (Marua tulsi) and O. × africanum (Lebu tulsi) 

representing 91.03%, 77.71%, 51.31%, 43.06% and 

38.77% of the total metabolites present in the extracts 

respectively. α-D-glucose was found to be the highest  

carbohydrate in O. × africanum and O. americanum 

with natural abundance of 17.23% and 55.32% respec-

tively whereas in Krishna tulsi (O. tenuiflorum ) fructose 

was  the main carbohydrate with 27.24% natural abun-

dance. However O. gratissimum (Ram tulsi) and O. 

basilicum (Marua tulsi) had β-D-glucose 17.76% and 

26.98% respectively. This anomeric difference in the 

carbohydrate content was remarkable, it might be due 

to any dissimilarity in biological structure space at en-

zymes from where it is being synthesized. The higher 
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Compounds Relative percentage composition 

  OG OG1 OxA OA OB OB1 OTP OTG OK 

D-Allofuranose - - - - - - 0.41 - - 

β-D-allopyranose - - - 0.24 - - - - - 

Arabinitol - - 0.01 0.04 2.22 - - 0.01 - 

D-Arabinopyranose - - - - - - 0.06 - - 

L-(-)-Arabitol - - - - - - 0.68 - - 

Fructose 5.08 3.47 3.56 3.65 - 4.2 27.24 - - 

Furanone - - - - - - 0.03 - - 

D-galactose - - - - - 0.56 0.04 - 2.7 

D-gluconic acid - - - 0.2 - - 0.36 - - 

α-D-Glucose - - 17.23 55.32 - - 22.15 0.02 - 

β-D-glucose 26.98 16.14 4.23 4.29 - 17.76 2.65 0.73 2.78 

D-Mannitol - - - 0.49 - - - - 1.53 

α-D-(+)-Mannose - - 13.75 0.5 - 14 0.24 0.22 - 

Myo-Inositol 0.01 - - 0.3 - 0.18 1.16 - - 

D-Psicose - - - 4.04 - - - - - 

D-Sorbitol - - - - - - 0.55 - - 

L-(-)-Sorbose 5.9 - - 6.91 - - 9.1 - - 

Sucrose - - - - - 1 5.65 - - 

α-D-(-)-Tagatose - 3.46 - - - 4.95 19.02 - - 

D-(+)-Talofuranose - - - - - - 0.37 - - 

α-D-(+)-Talose 13.35 - - - - 0.14 1.31 - - 

L-Threitol - 0.34 - 1.73 - - - - 0.21 

Xylitol - - - - - 0.26 - - 1.75 

L-Alanine - - - - - - 0.25 - - 

L-Norleucine - - - - - - 0.01 - - 

L-Proline - - - 0.74 - - 1.23 - - 

L-Homoproline - - - - - - - 0.05 - 

L-Threonic acid - - - - - - 0.14 - - 

L-Threonine - - - - - - 0.08 - - 

L-Valine - - - 0.08 - - - - - 

Glycerol 0.48 0.07 10.87 7.36 15.42 7.17 5.45 21.84 53.29 

Hexadecenol 7.1 - 10.06 3.87 12.76 4.62 - 9.94 6.3 

Meso-Erythritol - - 0.74 - 5.27 0.48 - 0.14 5.13 

Acetic acid - - - - - 0.74 - - - 

Butanedioic acid 0.72 0.3 - 0.36 - - 0.27 0.09 - 

Butanoic acid - - - - - - 0.03 - - 

Dodecanoic acid - - - - - 0.37 - - - 

Eicosanoic acid - - - 0.04 - - - 0.93 - 

Hexadecanoic acid 10.37 6.87 6.8 0.39 29.64 13.46 0.34 15.01 0.69 

Linoleic acid 0.13 - 2.14 - 2.39 - - 2.56 0.45 

α-Linolenic acid 0.94 7.05 14.47 2.94 12.64 3.80 - 12.63 7.78 

Octadecanoic acid 1.92 0.48 2.49 1.55 6.26 2.83 0.07 8.62 2.08 

n-Pentadecanoic acid - - - - - 0.12 - - - 

Propanedioic acid - - - - - - 0.11 - - 

Table 1. Relative quantitation of metabolites present in different Ocimum taxa from GC-MS analyses. 

Contd…….. 
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percentage of carbohydrate showed the high food val-

ue of Ocimum species. 

Hexadecanoic acid generally known as the palmitic 

acid is an antioxidant and it has selective antitumor 

activity (Pereira et al., 2014; Ravi and Krishnan, 2017). 

The present study showd a higher abundance  of pal-

mitic acid (29.64%) in Babu tulsi indicating that this 

extract might be used directly to suppress tumor cells  

growth. α-linolenic acid has been reported to have anti 

inflammatory effects (Solomon  et al., 2012; Pauls et 

al., 2018). Our this finding ascribes the local use of 

Tulsi leaves to treat inflammation. From GC-MS analy-

sis it was found that all the nine Ocimum extracts con-

tained fatty acids in higher proportion signifying the 

ability of Ocimum species to reduce blood cholesterol 

level and serves as an antioxidant as also reported 

earlier (Mensink et al., 2003; Suanarunsawat et al., 

2009; Chao et al., 2016). 

In the present investigation, we found the presence of 

some amino acids like L-alanine, L-proline, L-

norleucine, L-threonine, L-threonic acid, L-valine and L-

Homoproline. O. americanum contained 0.74% L-

proline and 0.08% L-valine. O. tenuiflorum contained 

only 0.05% pipecolic acid. O. tenuiflorum contained 

0.24% L-alanine, 1.23% L-proline, 0.01% L-norleucine, 

0.14% L-threonic acid and 0.08% L-threonine. Since 

amino acids are the building blocks of proteins, the oc-

currence of amino acids with higher yields indicated the 

presence of proteins in Tulsi. Tulsi might, therefore, be 

considered as a promising source of plant derived pro-

teins. 

Sterols were also found in the ethanolic extracts of dif-

ferent species. O. × africanum was found to contain 

0.88% ergosterol, 1.51% stigmasterol, and 2.50% β-

sitosterol. But O. americanum, O. kilimandschericum 

and O. basilicum (Babu tulsi) all three had only β-

Propanoic acid 0.04 1.77 1.77 1.05 1.93 0.02 0.5 0.05 1.42 

Benzoic acid - - - 0.14 - 0.19 0.01 - - 

Cinnamic acid 0.21 - - - - - - - - 

Naphthalene - - - 0.07 - - - - - 

Tert-Butylhydroquinone - 0.09 - - - - - - - 

Caffeic acid - 0.21 - - - - - - - 

Catechol - - - - - - 0.08 - - 

Eugenol 12.46 - - - - - - 8.61 - 

Methyl eugenol - - - - - 15.53 - - - 

Vanillin 0.71 - - - - - - - - 

α-Tocopherol 2.39 1.4 0.4 0.16 - 1.01 - 0.5 0.44 

Ergosterol - - 0.88 - - 0.65 - 1.26 - 

Stigmasterol 0.88 2.29 1.51 - - 0.79 - 3.59 - 

β-Sitosterol 2.7 3.36 2.5 0.99 3.62 2.55 - 4.53 6.31 

α-Amyrin 1.42 - - - - 0.79 - - - 

Carvacrol - 0.54 - - - - - - - 

Caryophyllene oxide 1.36 - - - - - - 0.48 - 

β-Elemene - - - - - - - 1.15 - 

Germacrene D - - - - - - - 0.01 - 

Norpinene - - - - - 0.01 - - - 

Phytol - 14.68 2.94 - - 0.54 - - - 

α-Selinene - - - - - - - 0.43 - 

β-Selinene - - - - - - - 0.64 - 

Squalene (Precursor) 1.69 4.78 - - - - - - - 

Tau-Cadinol - - - - - 0.36 - - - 

Thymol - 29.8 0.02 - - - - 0.69 - 

Others 3.16 2.91 3.79 2.55 7.83 0.91 0.43 5.28 7.14 

OG- O. gratissimum (Ram tulsi), OG1- O. gratissimum (Ajowan tulsi), O×A- O. × africanum (Lebu tulsi), OA- O. americanum (Bon tulsi), 

OB- O. basilica (Babu tulsi), OB1- O. basilicum (Marua tulsi), OTP- O. tenuiflorum (Krishna tulsi), OTG- O. tenuiflorum (Radha tulsi), OK- 

O. kilimandschericum (Karpur tulsi). 

Table 1. Contd…….. 
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sitosterol as 0.99 %, 6.31% and 3.62% respectively. O. 

basilicum (Marua tulsi) and O. tenuiflorum (Radha tulsi) 

had  ergosterol (0.65%, 1.26%), stigmasterol (0.79%, 

3.59%) and β-sitosterol (2.55%, 4.53%). Stigmasterol 

(0.88%) and β-sitosterol (2.70%) were the main constit-

uents of steroid in O. gratissimum (Ram tulsi). O. gra-

tissimum (Ajowan tulsi) contained β-sitosterol (3.36%) 

and stigmasterol (2.29%). Among these sterols espe-

cially, stigmasterol has proven anti-poisonous/anti-

venom effects (Gomes et al., 2007; Shabbir et al., 

2014). The present study thus provide a scientific base 

to the folk medicine practice of using Tulsi leaves 

against poisonous insects/strings. 

Vitamin E (α-Tocopherol) was found to be present in all 

the Ocimum taxa studied except in O. tenuiflorum 

(Krishna tulsi) and O. basilicum (Babu tulsi). It was ob-

served that O. gratissimum (Ram tulsi) contained maxi-

mum amount of α-tocopherol (2.39%) followed by O. 

gratissimum (Ajowan tulsi) (1.40%), O. basilicum 

(Marua tulsi) (1.01%), O. tenuiflorum (Radha tulsi) 

(0.50%), O. kilimandschericum (0.44%), O. × africanum 

(0.40%) and O. americanum (0.16%). The presence of 

vitamin E signified the use of Tulsi extracts in medi-

cines/cosmetics to treat skin diseases. α-Tocopherol is 

the most biologically active form of vitamin E and is the 

second most common form of vitamin E in the diet. It is 

a fat soluble antioxidant. Thus continuous use of Tulsi 

extracts may, therefore, lower the risk of pancreatitis, 

leukaemia and various forms of skincancers by scav-

enging the unwanted free radicals (Lai et al., 2014; Hu 

et al., 2015 Elsy et al., 2017). 

A total of 12 terpenoids were identified in the nine Oci-

mum ethanolic extracts. These terpenoids were also 

responsible for aroma in different Tulsi species in con-

jugation with naphthalene. In O. × africanum, O. basili-

cum (Marua tulsi), O. tenuiflorum (Radha tulsi), O. gra-

tissimum (Ram tulsi) and O. gratissimum (Ajowan tulsi) 

have 2.96%, 1.7%, 3.41%, 4.48% and 49.8% terpe-

noids respectively. Among them, phytol, α-amyrin, β-

elemene, squalene (triterpene precursor) and thymol 

exhibit maximum abundance of 2.94%, 0.79%, 1.15%, 

1.69% and 29.8% respectively. Another interesting ter-

penoid found in O. tenuiflorum (Radha tulsi) and O. 

gratissimum (Ram tulsi) was caryophyllene that has 

wide antimicrobial effects (Dahham et al., 2015).  Ram 

tulsi also contained 1.69% squalene and 1.42% α-

amyrin. The co-occurrence of squalene hydrocarbon 

and α-amyrin confirmed the biosynthetic pathway of 

pentacyclic triterpenoids such as α-amyrin from squa-

lene. The contemporary medicinal chemistry research 

is full of anti tumour activities and enzymatic activities 

of pentacyclic triterpenoids (Mandal et al., 2012). Pres-

ence of α-amyrin in Ram and Marua tulsi indicates the 

anti tumour activities of Tulsi extracts. The occurrence 

of different terpenoids in tulsi extract explains the tradi-

tional use of tulsi against bacterial/fungal infections, 

cough and cold, bronchitis and in asthma. Phenolic 

compounds such as caffeic acid, catechol, vanillin, eu-

genol and methyl eugenol were found in the different 

studied Ocimum species. These naturally occurring 

phenols attribute to the high anti oxidant activities of 

tulsi. 

Antimicrobial activity 

The antibacterial activities of nine ethanolic Ocimum 

extracts determined against four bacterial strains by 

Disc diffusion method are given in Table 2. The etha-

nolic extracts of Ocimum under study showed promis-

ing results against all the bacterial strains. From the 

inhibitory values, it was clear that O. americanum (Bon 

Fig. 1. Abundance of different metabolites in the ethanolic extracts of nine Ocimum taxa ( OA- O. americanum (Bon 

tulsi), OB- O. basilicum (Babu tulsi), OB1- O. basilicum (Marua tulsi), OG- O. gratissimum (Ram tulsi), OG1- O. gratissi-

mum (Ajoyan tulsi), OK- O. kilimandschericum (Karpur tulsi), OTP- O. tenuiflorum (Krishna tulsi), OTG- O. tenuiflorum 

(Radha tulsi), OxA- O. x africanum (Lebu tulsi). 
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tulsi) was most effective against P. vulgaris and E. coli. 

Interestingly, O. gratissimum (Ajowan tulsi) and O. ten-

uiflorum (Krishna tulsi) showed maximum inhibition 

against E. coli with 25 mg/mL MIC values (Table 3). 

Against B. cereus, O. kilimandschericum (Karpur tulsi) 

and O. tenuiflorum (Radha tulsi) showed most effective 

inhibition having 50 mg/mL MIC values. O. × africanum 

was found to be the most effective (MIC 50 mg/mL) 

against P. vulgaris and S. aureus, on the other hand, 

O. gratissimum (Ram tulsi) was most effective (MIC 50 

mg/mL) against S. aureus only. E. coli, P. vulgaris and 

S. aureus was most susceptible to O. basilicum (Marua 

tulsi) at 50 mg/mL and 75 mg/mL MIC respectively, 

whereas O. basilicum (Babu tulsi) was found to show 

highest value of MIC of 75 mg/mL against S. aureus. 

The presence of different terpenoids and fatty acids 

such as caryophyllene, thymol, b-elemene, linolenic 

acid and higher proportion of eugenol and methyl euge-

nol might be the chief cause for the higher activity of 

different Ocimum species (Singh et al., 2005). These 

antibacterial results implied the significance of deter-

mining the biological efficacy of same plant cultivated 

under varied conditions in a different region. Although 

the exact mechanisms behind the antimicrobial efficacy 

of these Ocimum extracts are not certain, there are few 

scientific proposals available in contemporary literature. 

Complete destruction of cell membrane opens out the 

bacterial intracellular materials such as protein, lipids 

and nucleic acids (Oyedemi et al., 2009). Notably, the 

lipophilic terpenoids and phenylpropanoids may induce 

cell membrane damage, thereby bringing equilibrium of 

inorganic ions (Trombetta et al., 2005; Chouhan et al., 

2017). An advantage of using plants’ extracts against 

pathogenic bacteria as against to specific antibacterial 

drug is the incredibly lesser risk of developing re-

sistance since the extracts are a mixture of various an-

Ocimum 

sp. 

S. aureus B. cereus P. vulgaris E. coli 

Concentration 

 (mg/mL) 

Concentration  

(mg/mL) 

Concentration  

(mg/mL) 

Concentration  

(mg/mL) 

25 50 75 100 25 50 75 100 25 50 75 100 25 50 75 100 

Inhibition zone (mm) 

OA - - - 7 - - 6 8 - 7 8 10 - 6 7 9 

OB - - 7 8 - - - 7 - - - 8 - - - 7 

OB1 - - 7 8 - - - 8 - - 7 9 - 6 8 9 

OG - 6 7 9 - - - 8 - - - 7 - - 7 9 

OG1 - 6 8 9 - - 7 9 - - - 8 6 7 8 10 

OK - - - 7 - 7 9 10 - - 7 9 - 6 7 9 

OTP - 7 8 10 - - 8 10 - - 7 9 6 7 9 11 

OTG - - 7 9 - 7 8 9 - - - 8 - 6 8 9 

O×A - 6 8 10 - - 7 8 - 6 8 10 - - 7 9 

OA- O. americanum (Bon tulsi), OB- O. basilicum (Babu tulsi), OB1- O. basilicum (Marua tulsi), OG- O. gratissimum (Ram tulsi), OG1- 

O. gratissimum (Ajowan tulsi), OK- O. kilimandschericum (Karpur tulsi), OTP- O. tenuiflorum (Krishna tulsi), OTG- O. tenuiflorum 

(Radha tulsi), O×A- O. × africanum (Lebu tulsi). 

Table 2. Zone of inhibition (mm) study of ethanolic extracts of nine ocimum taxa against different four bacterial strains. 

Ocimum sp. 

S. aureus B. cereus P. vulgaris E. coli 

MIC (mg/mL) MIC (mg/mL) MIC (mg/mL) MIC (mg/mL) 

 

OA 100 75 50 50 

OB 75 100 100 100 

OB1 75 100 75 50 

OG 50 100 100 75 

OG1 50 75 100 25 

OK 100 50 75 50 

OTP 50 75 75 25 

OTG 75 50 100 50 

O×A 50 75 50 75 

OA- O. americanum (Bon tulsi), OB- O. basilicum (Babu tulsi), OB1- O. basilicum (Marua tulsi), OG- O. gratissimum (Ram tulsi), OG1- 

O. gratissimum (Ajowan tulsi), OK- O. kilimandschericum (Karpur tulsi), OTP- O. tenuiflorum (Krishna tulsi), OTG- O. tenuiflorum 

(Radha tulsi), O×A- O. × africanum (Lebu tulsi). 

Table 3. Antibacterial activity of nine ocimum taxa against four bacterial strains with MIC (mg/ml) values. 
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timicrobial compounds having different mechanism 

(Bakkali et al., 2008; Rahman and Kang, 2009). 

Conclusion 

The metabolites from the ethanolic extracts of dried 

leaves of nine Ocimum taxa were separated and identi-

fied using GC-MS. In this analysis, a number of com-

pounds were identified such as carbohydrates, amino 

acids, alcohols, aliphatic acids, aromatic hydrocarbons, 

phenolic compounds, quinone, steroids, terpenoids, 

vitamin E etc. All the nine different Ocimum taxa 

showed promising antibacterial effects as shown by the 

MIC values. Notably, O. × africanum showed 50 mg/mL 

MIC values against P. vulgaris and S. aureus in the 

antibacterial study.The high carbohydrate content, as 

revealed from the GC-MS study proves the beneficial 

food value of Ocimum species. The study would have a 

high impact to gain a detail scientific knowledge about 

the different naturally growing Ocimum species and 

their chemical constituents with significant antibacterial 

efficacies.  
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