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Abstract
Ocimum sanctum, also called locally as Tulsi, comes from the family Lamiaceae. It is native to the tropical and subtropical regions of Australia, Malesia, Asia, especially the Indian subcontinent. It is considered sacred in the Hindu religion, as well as is used for treating a lot of ailments. It is believed to have antibacterial, antifungal, antimalarial, calming, cardioprotective, anti-inflammatory, anti-carcinogenic, radioprotective, immunomodulatory, and neuroprotective properties. They also contain numerous phytochemicals like phenols, alkaloids, proteins, etc. In this study, various tests were conducted to identify and analyze the presence of carbohydrates, flavonoids, alkaloids, phenols, terpenoids, saponins, and resins in the ethanol extract of Tulsi leaves. Well diffusion method was used to study its antibacterial effects on the bacteria Staphylococcus aureus and Escherichia coli. The antibacterial tests yielded positive results in aqueous solution of the sample. Phytochemical tests indicated the presence of alkaloids, phenols, saponins, terpenoids, and flavonoids.
Keywords: Ocimum Sanctum, antibacterial, antifungal, anticarcinogenic, phytochemicals, antibacterial analysis, well-diffusion method.
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INTRODUCTION
Tulsi, also called holy basil is considered to be sacred and medicinal [1]. It is used to treat many ailments such as cold, irritation, intestinal sickness, coronary illness, migraines, stomach issues, kidney stones, heart issues, etc [2]. 
Scientific Classification 
Kingdom: Plantae
Phylum: Tracheophyta
Clade: Angiospermae
Class: Magnoliopsida
Order: Lamiales
Family: Lamiaceae
Genus: Ocimum L.
Species: Ocimum sanctum L. [24]
Description and Habitat
Holy basil is an erect, tall plant (30-60 cm) with hairy stems. The leaves are green or purple in colour; simple, and petiolated with ovate blade of up to 5 cm long. The leaves also have slightly toothed margin, are aromatic, and have decussate phyllotaxy [3]. The flowers are arranged in close whorls on elongated racemes; their inflorescence being thyrsus. The three types of Tulsi based on morphology are Ram Tulsi (having broad bright green leaves that are slightly sweet), Krishna Tulsi (purplish green-leaved), and Vana Tulsi [3]. They are fragrant and taste bitter [18]. 
This plant is native to the southeast Asia tropics like India, Nepal, China, Pakistan, Philippines, Queensland, Solomon Is., South China Sea, Sri Lanka, Sulawesi, Sumatra, Taiwan, Thailand, Vanuatu, Vietnam, etc. It has been introduced to some Latin American countries like Bahamas, Cayman Is., Colombia, Cuba, Dominican Republic, etc, and African countries like Kenya, Zambia, Malawi, etc. [2][7] 

Tulsi as a sacred plant
It is considered sacred in Hinduism, especially the Vaishnavite sect. It is believed to be an avatar of the goddess Lakshmi and is often planted in the gardens of Hindu homes and temples. In many Hindu homes, the lighting of lamps in the evening includes the worship of Tulsi [4]. Many Hindu ceremonies are celebrated like Tulsi Vivah, performed between Prabodhini Ekadashi and Kartik Purnima [5].
Tulsi – various properties 
Tulsi has been used to treat many ailments. It has been used in Ayurvedic medicines for thousands of years [8]. For sore throat, the leaves of Tulsi are boiled in water and the water is effective in calming the throat, after taking it consistently. For treating kidney stones, the juice of Tulsi leaves is extracted and mixed with nectar. It is also believed to help with high cholesterol levels [9]. It is used to cure respiratory disorders, bronchitis, skin infections, and earaches. Its roots are used to treat malarial infections, in some remote areas in India [10]. The seeds are mucilaginous and relieve inflammation so they are used to treat different ailments of the Genito-urinary system [1]. 

Tulsi is good for the heart, stimulates digestion, and reduces breathing difficulties and cough [11]. It has also been used in the treatment of snake-bite and scorpion sting, as described in ancient texts like Charaka and Sushruta [12]. Concoctions with the root of Tulsi are used as a diaphoretic in malarial fevers in remote parts of India [1]. 

[bookmark: _Hlk163212773]Tusi shows chemo-preventive and anti-cancer abilities, anti-diabetic properties, anti-stress properties, contraceptive properties, Hypoglycaemic and Hypolipidaemic activity, hepatoprotective activity, immunomodulatory activity, psychopharmacological activity, antioxidant properties, analgesic, antipyretic and antidiarrhoeal activity, radioprotective activity, wound healing abilities, etc. [14,15,18]

All these effects are due to the effects of many active principles, and secondary metabolites, like flavonoids, phenols, terpenoids, resins, and saponins, especially a compound called eugenol, which was almost 71 % in the leaves [18]. 


Objectives 
•	To analyze the active principles of Ocimum sanctum L. 
•	To test the Anti-bacterial property of O. sanctum L.
•	To review the phytochemical and antibacterial properties of o. sanctum 
2

REVIEW OF LITERATURE
Plants contain numerous, perhaps thousands of chemical compounds that provide them with therapeutic value, which produces great economic value too. Tulsi is one such plant. It contains lots of medicinal properties, which have been evidenced through numerous studies; certain phytochemical compounds being the cause of it.  
Ocimum sanctum has a specific aroma because of the presence of volatile oil, concentrated in the leaf. This is due to the presence of many phytochemicals like phenols terpene and aldehydes. The seeds also contain oil. Besides oil, they also have alkaloids, saponins, and tannins. And carotene and ascorbic acid [1].   Eugenol (1-hydroxy-2-methoxy-4-allylbenzene),   the active constituent present in O. sanctum has been found to be largely responsible for their therapeutic potential [16]. It also contains a sesquiterpene called caryophyllene [18].
Anti-Cancer property
Anti-carcinogenic properties were evaluated in animals that were induced by different carcinogens.  Tulsi leaves, 600mg/g diet, were fed to experimental rats for 10 weeks, significantly reducing the occurrence of both B[a]P-induced neoplasia and 3'MeDAB-induced hepatomas [13]. In the Philippines, it was reported that juices from the leaves of Tulsi had anti-cancerous activity, when applied to the skin of mice along with cancer promoter agents, thrice a week [14].
Ocimum sanctum was reported to have chemo-preventive properties in its leaf extract. The glutathione in the liver, lung, etc. was found to be significantly lowered in treated mice as compared to the control. The occurrence of squamous cell carcinomas was considerably reduced when the paste of its leaves was applied topically, as well as administered orally [18].
Antidiabetic property
Numerous studies have been done to evaluate the anti-diabetic properties of Ocimum sanctum. In an experiment on rats where diabetes mellitus was induced by alloxan, upon 15 days of treatment with Tulsi leaf extract, there was a reduction in blood sugar levels. Once the treatment was stopped, the condition returned, showing a strong effect of Tulsi on diabetes [15,17]. 
Other Miscellaneous properties
Ethanolic extract of Tulsi increased the endurance and resistance against a variety of stresses in animals. So, Tulsi also has the capability to help organisms adapt better to stressful conditions. The plant has immunostimulant abilities [18].
Ocimum sanctum also contains contraceptive potential, as reported from studies conducted on mice by Batta S. K. et al. They observed that the benzene extract had more effectiveness than any other extract [18].
Tulsi also shows significant analgesic, anti-inflammatory antipyretic, and anti-diarrhetic activity. Especially since Tulsi oil has higher activity due to the higher concentration of phytochemicals, it is normally used to reduce inflammation and pain. It has also been found to have antiasthmatic activity; the ethanolic extract of fresh leaves and oil from seeds brought about the effect on guinea pigs [18].    
Phytochemical and Anti-bacterial properties
The aqueous extract of Tulsi leaves indicated insecticidal and antibacterial activity against gram-positive and gram-negative bacteria. At high concentrations, they also show antifungal activity. The antimicrobial activity was due to eugenol, inhibiting the aflatoxin activity [18].
Numerous flavonoid compounds have been isolated from Ocimum sanctum, from the aqueous extract of its leaves: orientin and vicenin.  Kelm et al. have been able to isolate lots of phenolic compounds from Tulsi: cirsilineol, isothymonin, rosmarinic acid, apigenin, and a good amount of phenol, among others [19]. 
Significant anti-microbial activity was shown by Ocimum sanctum in a study conducted by Khold Al Ahdal et al. The highest anti-bacterial activity was shown in the CAD (carious affected dentin) disinfected by Ocimum sanctum [20].
Ocimum tenuiflorum, another variety of Tulsi, showed great anti-microbial effect. Its essential oils completely inhibited the growth of bacteria S.aureus and E.coli. Detailed analysis of all the compounds in Tulsi indicated that camphor, eucalyptol, and eugenol were most likely causing this effect. So Tulsi essential oil has the potential to be used against skin irritations and infections [21].
[bookmark: _Hlk160365563][bookmark: _Hlk163210630]Phytochemical studies by Panchal and Parvez 2019, indicated the presence of alkaloids, flavonoids, tannins as well as glycosides. These compounds are responsible for the anti-bacterial, as well as other properties of Tulsi [22]. 
[bookmark: _Hlk163210603]Studies conducted by Naik et al., revealed the presence of secondary metabolites like tannins, Alkaloids, terpenoids, steroids and Flavonoids, Phlobatannins, and Glycosides in the leaves of Ocimum tenuiflorum, while saponins were absent. An anti-microbial assay was also conducted, which revealed antibacterial activity against the gram-positive and gram-negative bacteria [23].
[bookmark: _Hlk160751328]In the study conducted by R. Borah and S. P. Biswas, the GS-MS chromatogram of methanolic extract of Ocimum sanctum indicated four main constituents - Eugenol, Benzene-1,2-dimethoxy- 4- (2- propenyl), α - Farnesene and Cyclohexane, 1, 2, 4- triethenyl. They also observed the presence of phytochemicals carbohydrate, tannin, flavonoids, saponins, glycoside, terpenoid, fatty acids and phenol are present in Tulsi leaf extract [25].
[bookmark: _Hlk163210660]Praveen Garg and Rajesh Garg, found the occurrence of flavonoids, alkaloids, glycosides, saponins, tannins, phenolics, amino acids, and diterpenes, in the methanolic and ethanolic extract of leaves and stem of Tulsi. However, the chloroform extract didn’t contain any phytochemicals. Total flavonoids were more in the methanolic leaf extract and ethanolic stem extract.  The flavonoids were found to have antioxidant properties [26].
Eugenol (1-hydroxy-2-methoxy-4-allylbenzene), euginal (also known as eugenic acid), urosolic acid, carvacrol (5-isopropyl-2-methylphenol), linalool (3,7-dimethylocta-1,6-dien-3-o, limatrol, caryophyllene, Methyl carvicol, also known as, Estragol are all present in the leaf volatile oil, while sitosterol and fatty acids are found in the seed volatile oil. Certain carbohydrates are also present in the seed mucilage, and green leaves contain anthocyanins. Polysaccharides and xylose make up the sugars [29]. 
Singh et al observed in their study that the antibacterial effect was due to the presence of the linoleic acid on the fixed oil of Ocimum sanctum. It showed activity against Staphylococcus aureus, Bacillus pumius, and Pseudomonas aeruginosa. It was strongest in the case of S. aureus [30].
Geeta et al observed that there were wider zones of inhibition shown in the aqueous extract of the Ocimum sanctum, than in the ethanolic extract against E. coli. S. aureus, Candida albicans etc [31].
A study conducted by Siya and Mary showed the presence of, steroids, saponins, terpenoids, glycosides, anthraquinone and protein flavonoids, triterpenoid alkaloids, and the absence of tannin, alkaloids, protein, carbohydrate, phlobatannins, phenolics in the aqueous extract of Ocimum sanctum. The methanolic extract revealed the presence of alkaloids, steroids, saponins, Flavonoids, triterpenoids, Polyphenols, anthraquinone, and glycosides while tannin, alkaloids, protein, and phlobatannins, were absent [32]. It also showed considerable antibacterial activity against E. coli and S. aureus.
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MATERIALS AND METHODS
The study conducted is to find out the presence of active principles (phytochemicals) in Ocimum sanctum L under the family Lamiaceae.
Chemicals: Hager’s reagent, 2% Sodium hydroxide, Dil. HCl, Fehling’s A, Fehling’s B, Neutral Ferric Chloride, Chloroform, Conc. H2SO4, 50% HNO3, Ethanol.
Plant Collection: 1kg of Fresh Tulsi Plant was collected from Chirakkakkam, Varapuzha (Fig 1). The Leaves were washed and sun-dried (Fig 3). The dried leaves were properly ground using a grinder into fine powder. The dry weight was measured as 105 g. 
Ethanol Extract: 20 g powder was used with 200 mL of Ethanol to produce the extract. 20 Tulsi powder was placed in the thimble of  Soxhlet Apparatus.  The Extraction process was done for 4 hours (Fig 4). 150 mL of extract was obtained which was refrigerated for future use [23].
Essential Oil: The Clevenger apparatus was used to obtain essential oil from tulsi leaves [33] 
1. Phytochemical analysis
The qualitative analysis of various chemicals was done using various biochemical methods:
1. Detection of Alkaloids:
Hager’s Reagent test:  Hager’s reagent was prepared by mixing 0.5 g of picric acid in 50 mL of water. A few drops of Hager’s reagent (saturated Picric acid solution) were added to 2 mL of ethanolic plant extract. Yellow precipitate indicates the existence of alkaloids. [27]

2. Detection of Saponins:
1 ml of crude extract was mixed with 5 mL of distilled water in a conical flask and shaken vigorously. The froth or foam formation indicates the presence of saponin [23]. The sample was shaken via a magnetic stirrer.

3. Detection of Resin:
50 % HNO3 was added to a few drops of the plant extract. The formation of brown colour indicates the presence of Resin [28].

4. Detection of Phenols: 
The crude extract is mixed with a few drops of neutral 5% ferric chloride solution. A blue-green colour indicates the presence of phenols [28].

5. Detection of Flavonoids:
Alkaline reagent test: The plant extract was mixed with 2mL of 2% solution of NaOH. An intense yellow colour was formed. It turns colourless with the addition of a few drops of Dil. HCl. This indicates the presence of flavonoids [28].

6. Detection of Terpenoids: 
The plant extract was mixed with 2 mL of chloroform and evaporated to dryness. To this, 2 mL concentrated H2SO4 was added and heated. The presence of terpenoids is indicated by a greyish colour [28].

7. [bookmark: _Hlk163128299]Detection of Glycosides:
Salkowski’s test: To the plant extract 2mL of chloroform was added and mixed, in which 2 mL of concentrated H2SO4 was added carefully and then gently shaken. A reddish-brown colour indicated the presence of glycosides [28].

8. Detection of steroids:
Salkowski’s test: To the plant extract 2mL of chloroform was added and mixed, in which 2 mL of concentrated H2SO4 was added carefully and then gently shaken. A red colour indicated the presence of steroids [28].

9. Detection of Carbohydrate: 
Fehling’s test: Equal volumes of Fehling’s A and B solutions are mixed. 2 mL of it was added to a few drops of the plant extract and heated. A Brick red precipitate indicates the presence of reducing sugars [28].
2. Anti-bacterial assay 
Preparation of extract for assay
A small amount of ethanolic plant extract prepared earlier using Soxhlet extraction was dried using evaporation. The dried sample that was obtained was mixed in Dimethyl sulfoxide solution in 0.5:500 (g: µl) ratio. 
Test Pathogens
The bacterial cultures used were E. coli and Staphylococcus aureus sp.  
Agar-well diffusion method
The antibacterial activity of the extract was tested against the selected Gram-positive bacteria Staphylococcus aureus and Gram-negative bacteria Escherichia coli using the agar well diffusion method [34]. The standard inoculum suspension (106 CFU/ml) was streaked over the surface of the Sterile Mueller Hinton Agar (MHA) plates using a sterile cotton swab to ensure the confluent growth of the organisms. Wells of 6 mm size were cut in the agar plates and the wells were loaded with the extract (100µl). The negative control used was DMSO. All the plates were incubated at 37ºC for 24-48 hours. After incubation, the plates were observed for the formation of a zone of inhibition, and the zone sizes were measured in mm and recorded [34,35]. 








OBSERVATIONS AND RESULTS
The plant studied was Ocimum sanctum from the family Lamiaceae. Phytochemical analysis and anti-bacterial study against gram-positive and gram-negative bacteria were conducted. The results were as follows:
Phytochemical Analysis
Various tests were done to identify the presence of tannins, resins, phenols, alkaloids, carbohydrates, saponins, and flavonoids in the ethanol extract of Ocimum sanctum leaves.
1. Detection of alkaloids
Detection of alkaloids was done using Hager’s reagent. The addition of Hager’s reagent to the sample led to the production of a brownish-yellow colour to appear in the solution (Fig 9). It indicated the presence of alkaloids.

2. Detection of Saponins
Detection of Saponins was done using the foam/froth formation test. Vigorous shaking by the magnetic stirrer led to the formation of foam on standing (Fig 10), indicating the presence of saponins in Tulsi.

3. Detection of Resin
Detection of Resin was done by adding a few drops of 50% HNO3 to the plant sample. It led to the formation of a brown colour (Fig 11), indicating that resins are present in Tulsi.

4. Detection of Phenols
Detection of Phenols was done using neutral Ferric Chloride. It led to the formation of a bluish-green colour. It indicated the presence of phenols in Tulsi. (Fig 18)

5. Detection of Flavonoids
Detection of flavonoids was done using the alkaline reagent test. It led to the formation of yellow colour (Fig 13) after adding NaOH into the plant extract and then colourless, after adding dil. HCl into it (Fig 14), indicating Flavonoids are present in the Ocimum sanctum.

6. Detection of Terpenoids
Detection of terpenoids was done using Chloroform and H2SO4 as reagents. There was the absence of formation of reddish brown, indicating the absence of terpenoids. (Fig 15)

7. Detection of Steroids 
The detection of steroids was done by Salkowski’s test, which did not produce any colour in the extract, indicating the absence of steroids. (Fig 16)

8. Detection of Glycosides:
Detection of glycosides was also done by Salkowski’s test, which indicated a reddish-brown colour, indicating the presence of glycosides in Tulsi. (Fig 17)

9. Detection of Carbohydrates
Detection of carbohydrates was done using Fehling’s reagent. There was no formation of brick-red precipitate. The original colour (dark green) remained (Fig 12), showing the absence or very minute presence of carbohydrates in Tulsi leaves.
Table 1: Result of Phytochemical screening of Ocimum sanctum
	Sl.No
	Constituents
	Ethanolic extract of leaf

	1
	Alkaloids
	+

	2
	Saponins
	+

	3
	Resins
	+

	4
	Phenols
	+

	5
	Flavonoids
	+

	6
	Terpenoids
	-

	7
	Steroids
	-

	8
	Glycosides
	+

	9
	Carbohydrates
	-


Anti-bacterial analysis
Antibacterial analysis of Ocimum sanctum leaves was conducted against Staphylococcus aureus and E. coli bacteria. It led to the formation of considerable results. Tulsi showed zones of inhibition (ZOI) against both bacteria. The negative control, Dimethyl sulfoxide had the smallest ZOI, as expected. The ZOI was larger for Staphylococcus aureus than E. coli when tested against negative control. (Fig 19,20)
Table 2: Results of Antibacterial analysis
	
	Staphylococcus aureus
	Escherichia coli 

	ZOI (mm)
	23
	20



Essential oil
Essential oil was obtained from fresh leaves of Tulsi with the help of hydro distillation technique using the Clevenger apparatus. A total of 0.3 mL oil was obtained from 100 g of fresh leaves. The oil as well as the water used in boiling the leaves possessed a strong fragrance. (Fig 6) 












Plate I
Ocimum sanctum L. – plant collection
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Fig 1.
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Fig 2.
Plate II
Plant drying 
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Fig 3.












Plate III
Soxhlet extraction
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Fig 4.
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Fig 5.
Plate IV
Essential oil 
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Fig 6.










Plate V
Ethanol extract evaporation
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Fig 7.
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Fig 8.



Plate VI
Phytochemical analysis
Test for Alkaloids -Hager’s test        Test for saponins-Foam  
                                                                            formation
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                 Fig 9.                                                           Fig 10.
Test for Resin- Conc. HNO3                        Test for Carbohydrates    
-Fehling’s test                                                                       
[image: ]             [image: ]       
                Fig 11.                                                    Fig 12. 

Test for flavonoids- Alkaline reagent test
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                    Fig 13.                                             Fig 14.  

Test for Terpenoids –                               Test for Steroids-
Salkowski’s test                                       Salkowski’s Test
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           Fig 15.                                                    Fig 16.
Test for Glycosides                                 Test for Phenols[image: ]                     [image: ]
            Fig 17.                                               Fig 18. 













Plate VII
Antibacterial analysis
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Fig 19. Anti-bacterial activity against S. aureus
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Fig 20. Antibacterial activity of Tulsi against E. coli



DISCUSSION
The present study was to conduct phytochemical screening of the plant, Ocimum sanctum and to study its antibacterial property. The study has given results consistent with previous studies conducted on the topic. We have found that the phytochemicals present in the ethanolic extract consist of alkaloids, saponins, phenols, glycosides, flavonoids, and resins and the absence of terpenoids, steroids, or carbohydrates.
 Studies conducted by Naik et al, Panchal and Parvez 2019, Praveen Garg and Rajesh Garg, and many other studies have confirmed the presence of the above secondary metabolites in the Ocimum sanctum [22,23,26]. As was documented, these above phytochemicals, especially the presence of phenol have been the cause of antimicrobial activity that has been observed in Tulsi.  
The ethanolic extract was dried and the plant was mixed in DMSO and tested for antibacterial activity, with DMSO as negative control. The analysis of Tulsi conducted indicated very good results. The ZOI shown by the Tulsi against E. coli bacteria was 20 mm and that showed against S. aureus was 23 mm. The test results are in accordance with that of the experiments conducted by  Rai. A, et al in methanolic extract of Tulsi [36] as well as by Joshi. B, et al [37].
The antimicrobial as well as other properties of Tulsi like antidiabetic, anticancer, antiasthmatic, anti-inflammatory, hepatoprotective, anti-stress properties, contraceptive properties, etc are due to the presence of not only the various active principles that are present in it but also due to the combination of all of it. So, we can consider Tulsi as a medicinal plant, having the ability to cure a lot many diseases. 






CONCLUSION
The present study conducted was to identify the various phytochemical constituents present in it and to analyze the antibacterial property of Ocimum sanctum L. The study has successfully identified the presence of alkaloids, phenols, flavonoids, resins, and saponins in its ethanolic extract. The phytochemical constituents are the reason for the antimicrobial property and various other health benefits that have been found to occur due to Tulsi. This medicinal plant can be used in daily life for common ailments, as well as its oil, for enriching and enhancing daily life. Further studies can be conducted on it so that in the future, it can be used by a larger population as a side-effect-free and cost-effective medicine. 
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