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ABSTRACT 

In this study, the antibacterial activity of various organic solvent extracts of Ocimum 
sanctum L leaves, flowers and shoots was determined in vitro using agar diffusion 
method and MIC tested against the isolated soil bacteria. The identified bacteria 
were Paenibacillussp. L32, Paenibacillussp. BF38, Bacillus megaterium, Terribacillussp. 
3LF, Bacillus simplex and Bacillus cereus. Various organic extracts of Ocimum sanctum 
L revealed a good antibacterial activity against about all bacteria. Results showed 
that the best extract was methanol because highest inhibition zone were obtained by 
this extract and all studied bacteria were inhibited. At a concentration of 500 
µg/disc, the highest microbial inhibition was found 19.2±.76 mm against Bacillus 
simplex for methanol extract, 15.7±0.58 mm on Terribacillus sp. 3LF for ethanol 
extract of flower, 14.0±2.0 mm on Terribacillus sp. 3LF for ethanol extract of leaves, 
13.34±0.58 mm on Bacillus megaterium for n-hexane extract and 11.7±0.6 mm on 
Terribacillus sp. 3LF for chloroform extract, respectively and MIC (64, 128, 256 and 
512 µg/ml, respectively). Most of the cases, antibacterial activity with commercial 
antibiotics such as amoxicillin and erythromycin, organic extracts exhibited similar 
or higher antibacterial activity than standard drug. The results of this study suggest 
that the organic extracts of Ocimum sanctum L leaves can be a source of natural 
antimicrobial agents with potential applications. 
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INTRODUCTION  

Pathogenic bacterial strains show multiple antibiotic drug resistance which is a major 
medical problem worldwide and poses a big threat to human society. Beside this most of 
the antibiotics have side effects and also they are expensive too (Londonkar et al 2013). 
Herbal treatment is one possible way to treat disease caused by multidrug resistant 
bacteria( Rahman et al 2011, Aliero et al 2006, Alam et al 2009) which is the basis for the 
study. The screening of plant extracts and plant products for antimicrobial activity has 
shown that higher plants represent a potential source of novel antibiotic prototypes 
(Afolayan, 2003). The trend of using natural products has increased and the active plant 
extracts are frequently screened for new drug discoveries and for the presence of 
antimicrobial substances (Hosseinzadeh et al., 2007). There has been an increasing 
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incidence of multiple resistances in human pathogenic microorganisms in recent years, 
largely due to indiscriminate use of commercial antimicrobial drugs commonly employed 
in the treatment of infectious diseases (Parekh and Chanda, 2007). There is extensive 
scientific literature on the antimicrobial potential of spices that have been reviewed by 
several researches (Chaudhry and Tariq, 2008). 
Members of the aerobic spore-forming genus Bacillus spp. and other closely related species 
can be recovered from almost every environment in the biosphere. Bacillus spp and related 
genera have been associated with food spoilage such as ropy bread (Thompson et al., 1998; 
Sorokulova et al., 2003) besides causing several human infections that cause a range of 
diseases (Callegan et al., 2006;Tena et al., 2007), and incidents of food borne illness (Dierick 
et al., 2005). Recent advances in the use of Bacillus spp. are emphasized. There is a 
considerable interest in using Bacillus subtilis producing lipopeptide antibiotics like iturin 
A and surfactin (Bais et al., 2004). Bacillus species produce many kinds of antibiotics which 
share a full range of antimicrobial activity such as bacitracin, pumulin and gramicidin 
(Todar, 2005). 
Ocimum sanctum L. (OS, Tulsi), a medicinal herb used in the indigenous system of 
medicine. OS has been adored in almost all ancient ayurvedic texts for its extraordinary 
medicinal properties. The roots, leaves and seeds of Tulsi possess several medicinal 
properties. OS is a medicinal plant of Bangladesh and Indian subcontinent, which is 
widely used as traditional healthcare system, as a stomachic and anthelmintic as well as in 
purulent discharge of the ear, bronchitis, hiccough, diuretic and diseases of the heart and 
brain. People use its leaf extract along with honey to cure cold and cough, chronic pain in 
the joints, asthma and enlarged spleen. In the Yunani system of treatment, it is believed 
that the juice gives luster to the eye, good for toothache, earache, headache and cure of 
ringworm. It is also used in the treatment of snakebite and other similar purposes 
(Prakash et al.2005, Kirtikar and Basu 1994). 
It has several medicinal properties have been attributed to act on the human body mainly 
as a cough alleviator, a sweat-inducer and a mitigator of indigestion and anorexia. OS has 
a variety of biological/pharmacological activities such as antibacterial, antiviral, 
antifungal, antiprotozoal, antimalarial, anthelmentic, antidiarrhoeal, anticancer activity, 
chemopreventive activity, radioprotective activity, antioxidant activity, antihypertensive 
and cardioprotective activities, antiinflammatory activity, analgesic activity, memory 
enhancer activity, hepatoprotective activity, antifertility activity, antidiabetic activity, 
antiulcer activity, antiarthritic activity, adaptogenic activity/antistress activity, 
anticataract activity, anticoagulant activity and many among. In addition, the phenolic 
compounds have been also identified which exhibit antioxidant and antiflammatory 
activities. The nutritional and pharmacological properties of the whole herb in its natural 
form, as it has been traditionally used. Its leaf contain volatile oil eugenol, eugenal ( also 
called eugenic acid ), urosolic acid, carvacrol, linalool, limatrol, caryophyllene , methyl 
cervical ( also called Estragol) , saponins, flavonoids, triterpenoids and tannins ( Kelm et 
al.,2000;  Pattanayak et al.,2010; Shishodia et al., 2003, Jaggi et al., 2003  ).  Therefore, the 
aim of this study was to evaluate the antimicrobial activities of the various organic extracts 
of the Ocimum sanctum leaves, shoots and flowers. 
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MATERIALS AND METHODS 

Isolation and identification of bacteria from soil 
20 g of fresh collected soil were suspended in sterile NaCl (0.9%) and maintained on a 
rotary shaker for 45 min at the maximum speed. The suspension was serially diluted, 
plated on PCA (Plate Count Agar) medium (pH 7.0, Sigma) and incubated at 30°C under 
aerobic conditions for 15 days. Most representatives colonies were randomly collected 
from plates, purified by streaking twice and stored as stock cultures in 20% (v/v) glycerol 
at -80°C for their genetic identification by 16S rDNA sequencing as previously described 
(McCaig et al., 2001). PCR was performed in a final volume of 25 μl containing buffer 10X, 
1.0 unit of TaqDNA polymerase (Amersham Biosciences), 0.2 mM each of dNTPs, 200 nM 
of each primer 63F 5’CAGGCCTAACACATGCAAGTC (Marchesi et al., 1998) and 1389R 
5’ACGGGCGGTGTGTACAAG (Osborn et al., 2000) and 50 ng template DNA. The 
thermal cycler (Bio Rad ICycler 170-8740) was programmed for the initial denaturation 
step (94°C) of 5 min, followed by 44 cycles of 1 min denaturation along with 1 min primer 
annealing (37°C) and 2 min primer extension (72°C), followed by the 7 min primer 
extension (72°C) step. The amplified DNA was visualized by gel electrophoresis. The most 
similar bacterial species was found in the GenBank by using BLAST search 
(http://www.ncbi.nlm.nih.gov). Neighbor-joining phylogenetic trees were constructed 
based on 16S rDNA sequences using Jalview version 2.7. 
Plant material 
The leaves of Ocimum sanctum L.were collected from local market of Kushtia of 
Bangladesh in March 2011 and identified by Professor Sk. Shamimul Islam, Department of 
Botany, University of Dhaka, Bangladesh. The voucher specimen has been deposited in 
Bangladesh National Herbarium, Dhaka.  
Preparation of Organic Extracts 
The air-dried leaves, flowers and shoots of Ocimum sanctum L. were first pulverized into 
powdered form. The dried powder (50 g) was then extracted with n-hexane, chloroform, 
ethanol and methanol separately at room temperature for 7 days and the solvents were 
evaporated by vacuum rotary evaporator temperature at 50°C. The extraction process 
yielded n-hexane (7.3 g), chloroform (6.2g), ethanol (7.4 g) and methanol (6.5 g) extracts 
respectively. Solvents (analytical grade) for extraction were obtained from commercial 
sources (Sigma–Aldrich, St. Louis, MO, USA). 
Isolation and Identification of Bacteria 
DNA was extracted from soil isolates were subjected to PCR to amplify for identification 
bacterial species and amplified DNA products were confirmed by Gel Electrophoresis 
through the visualization of their band patterns. Based on the 16S rDNA sequences, the 
bacteria were confirmed as the following Bacillus sp. according to my published paper 
Rahman et al. (2013). The six isolated bacillus spp are Bacillus megaterium, Bacillus simplex, 
Terribacillus sp. 3LF, Bacillus cereus, Paenibacillus sp. L3, Paenibacillus sp. BF38, and the 
accession number are FJ614260, FJ225298, AM931170, EU741083, DQ196465, AM934687 
respectively. 
Antibacterial assay 

The dried extracts were dissolved in the same solvent used for their extraction and 
sterilized by filtration using 0.22 μm sterile Millipore filter (Millipore Corp., Billerica, MA, 
USA). Then the antibacterial test was carried out by agar disc diffusion method (Murray et 
al., 1995) using 100 μl of standardized inoculums suspension containing 107 CFU/ml of 
bacteria. The essential oil was diluted 1:5 (v/v) with methanol and aliquots of 10 μl were 
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spotted onto the sterile Whatman No. 1 filter paper discs (6 mm diameter); while 10 μl of 
30 mg/ml of each organic extract (300 μg/disc) was applied on the filter paper discs and 
placed on the inoculated LB agar medium. Negative controls were prepared using the 
same solvents employed to dissolve the samples. Standard antibiotic, amoxicillin (10µg), 
cloxacilin (5µg), and Tetraciline (30µg) from Sigma-Aldrich Co., St. Louis, MO, USA) was 
used as positive control for the tested bacteria. The plates were incubated micro 
aerobically at 37 ºC for 24 h. Antibacterial activity was evaluated by measuring the 
diameter of the zones of inhibition against the tested bacteria. Each assay in this 
experiment was replicated three times. 
Minimum inhibitory concentration (MIC) 
The minimum inhibitory concentration (MIC) of nano emulsions was assessed according to 
Al-Reza et al (2011). Active cultures for MIC determination were prepared by transferring a 
loopful of cells from the stock cultures to flasks and inoculated in LB medium and incubated 
at 37oC for 24 h. The nanoemulsions were incorporated into LB broth medium to get the final 
concentration ranging from 0 to 1000 µg/ml. Finally, 20 µl inoculums of each bacteria strain 
(107 CFU/ml) was transferred to each tube and the tests were performed in a volume of 2 ml. 
The control tube contained only organisms and not the nano emulsion. The culture tubes 
were incubated at 37oC for 24 h. The lowest concentration of the test samples, which did not 
show any visual growth of tested organisms after macroscopic evaluation, was determined 
as MIC, which was expressed in µg/ml. 

RESULTS  

Antibacterial activity of various extracts of leaves, flower and shoots of Ocimum 
sanstum L. 
Antibacterial activity various extracts (ethanol, chloroform, n-hexane and methanol) of 
Ocimum sanctum L. flowers, shoots and leaves against the bacteria was qualitatively assessed 
by the presence of inhibition zones. According to the results given in Table 1, a total of six 
isolated soil bacteria, were tested. Various organic extracts of flowers, shoots and leaves of 
Ocimum sanctum L. also revealed a good antibacterial activity against most of the bacteria, at 
a concentration of 500 µg/disc (Table 1). Antibacterial activity of different extracts of Ocimum 
sanctum L. flower, shoots and leaves is shown in table 1 in a comparative way with standard 
antibiotic disk - Amo-Amoxicillin (10µg/disc), Clo- Cloxacilin (5µg/disc), Tet- Tetraciline 
(30µg/disc). The present study revealed that the methanol extract of leaves possessed the 
highest zone of inhibition (19.2±.76 mm) against Bacillus simplex. This is followed by 18.5±0.5 
mm and 17.5±0.5mm against bacillus cereus and Terribacillus sp. 3LF respectively.  Ethanol 
extract of leaves produced satisfactory sensitivity with inhibition zones in the range of 
6.5±1.04 and 14.0±2.0 mm whereas ethanol extracts of shoots and flowers showed relatively 
poor antibacterial effect account for the range from 9.5±0.5 to 13.5±0.5 and 8.5±.5 to 15.7±0.58, 
respectively. Methanol extract showed the strongest effect against Bacillus simplex (inhibition 
zone 19.2±.76), compared with standard drug amoxicillin, Cloxacilin, tetracycline. On the 
other hand, n-hexane and choloroform extracts showed interesting antibacterial effect with 
inhibition zones in the range of 11.7±0.58~14.0 ±1.0 and 8.4±0.58~11.7±0.6 mm, respectively. 
In some cases organic extracts (ethanol, chloroform, n-hexane and ethanol) exhibited higher 
antibacterial activity compared with amoxicillin, Cloxacilin while tetracycline showed higher 
activity in some other cases than the solvent extracts. Positive control produced significant 
zone of inhibition against most of the bacteria while no zone of inhibition was formed by 
negative control. 
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Table 1, Antibacterial activity of various organic extracts of leaves , flowers and shoots of 
Ocimum sanctum L.   

Name of Bacteria 

Extracts                                                                                                        Antibiotics 

Leaf Flower shoot  
Amo-10 

 
Clo-5 

 
Tet-30 MeOH            EtOH CHcl3 n- Hexane EtOH EtOH 

Bacillus simplex 19.2±.76 10.0±1.0 - 11.7±0.58 - 11.8±0.3 12.6±0.5 15.0±1.0 18±1 

Paenibacillus sp.BF38 14.5±0.5 12.5±0.5 - - - 11±1 10.8±0.8 - 19±1 

Terribacillus sp. 3LF 17.5±0.5 14.0±2.0 11.7±0.6 12.3±0.58 15.7±0.58 11±1 11±1 16.7±1.5 14.5±0.5 

Bacillus megaterium 14.0±1.0 11.6±1.04 11±1 13.34±0.58 14.67±1.5 13.5±0.5 11±0.4 10.8±0.8 12±1 

Paenibacillus sp. L32 - 6.5±1.04 - - - - 11±1 11±1 - 

Bacillus cereus 18.5±0.5 11.0±1.0 8.4±0.58 14±1 8.5±.5 9.5±0.5 13.5±0.5 12.5- 14.7±0.6 

* Diameter of inhibition zones (mm) around the discs (6 mm) impregnated with10 µL of 
1:5 (v/v) dilution with ethanol. 
*Various organic extracts (512, 256,128, µg/disc), (-) mean no detected   
The standard antibiotics were amoxicillin and erythromycin (10 µg/disc) 
Values are given as mean ± S.D of triplicate experiment. 
Amo-Amoxicillin (10µg/disc),  Clo- Cloxacilin (5µg/disc), Tet- Tetraciline (30µg/disc) 
 
Minimum inhibitory concentration (MIC) 
As shown in (Table 2), MIC values of various extracts were found between 64-512 µg/ml 
and   the  best MIC values was 64  µg/ml  against Terribacillus sp. 3LF by ethanol extract 
from flower parts of Tulsi  The MIC values of the organic extracts of methanol, ethanol, 
chloroform and n-hexane against the bacteria tested were found in the range 64-512 
µg/ml. In this study, Bacillus spp were found to be more susceptible to the ethanol. 
 
Table 2, Minimum inhibitory concentration (MIC) of organic extracts of leaves of Piper betel L 

Minimum inhibitory concentration (µg/ml)a 

Organic extracts 

                                    Leaf                                                                Flower  Shoot           

Microorganisms MeOHe EtOHb CHcl3c n-Hexaned EtOHb EtOHb 

Bacillus simplex 512 - 256 256 - 256 

Paenibacillus sp.BF38 256 - - 256 - 256 

Terribacillus sp. 3LF 256 256 256 256 64 256 

Bacillus megaterium 256 256 128 256 128 256 

Paenibacillus sp. L32 512 - - - - - 

Bacillus cereus 512 512 128 128 256 256 

a   Minimum inhibitor concentration (MIC). 
b  Ethanol extract 
c  Chloroform extract 
d  n-Hexane extract 
e  Methanol 

DISCUSSION 

Bacteria, virus, fungi and parasites are the major causative agent of various infectious 
diseases which are becoming  this is a public concern especially in developing countries 
due to unavailability and high cost of medicine (Radfer,  et al. 2012).  This is the reason for 
conducting this research as we evaluate the antibacterial activities of Ocimum sanctum L. 
flowers shoots and leaves. 
Plants have provided a source of inspiration for novel drug compounds as plants derived 
medicines have made significant contribution towards human health. Recently, multiple 
drug resistance has developed due to indiscriminate use of commercial antimicrobial 
drugs that are commonly used in the treatment of infectious diseases, making it a global 
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growing problem (Parekh and Chanda, 2007). A novel approach to the prevention of 
antibiotic resistance of pathogenic species is the use of new compounds that are not based 
on existing synthetic antimicrobial agents (Shah, 2005). Plants have provided a source of 
inspiration for novel drug compounds as plants derived medicines have made significant 
contribution towards human health (Seikh et al., 2010 )  which compound exist in Ocimum 
sanctum  L. contributes to cause antimicrobial activities is yet unknown. In this study we 
found that various leaf extracts of Piper betel L severely inhibited the growth of some 
representative food spoilage and human infection pathogens, which might have 
significant applications in the pharmaceutical or food industries. Therefore, plant extracts 
are being considered as potential alternatives to synthetic bactericides or as lead 
compounds for developing new classes of natural antimicrobial agents. 

CONCLUSIONS  

In conclusion, the results of this study suggest that the leaves of Piper betel L mediated 
organic extracts could be a source of natural antimicrobial agents that can be used  as 
antimicrobial agent s in designing and  and developing new drugs and also utilization for  
food or pharmaceutical industries to control pathogenic bacteria. Further study is in 
preparation, purification and characterization to evaluate the bioactive compounds 
present in various organic extracts of leaves of Piper betel L. However, if plant-based 
antimicrobials such as crude extracts are to be used for drug or food preservation, issues of 
safety and toxicity will always need to be addressed.  
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