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Abstract 

An experiment was conducted to determine the biochemical and antimicrobial attributes of crude plant extracts of O. basilicum and 

C. procera. 10% leaf and flower extracts were prepared in distilled water, acetone and methanol.  

Crude extracts of both C. procera and O. basilicum plants showed total sugars 6.35 - 6.5, 4.37 - 4.8 mg/ml, reducing sugars 0.26 - 

0.49, and 0.22 - 0.4 mg/ml, protein 1.2 - 1.31 and, 2.3 - 2.37 mg/ml, respectively. Similarly, ten free amino acids and four sugars 

were identified from visualized zones through thin layer chromatography (TLC). Both the plants extracts showed bioactivity 

against four pathogenic bacterial and three fungal species. Leaf extracts of C. procera showed significant bioactivity against S. 

pneumoniae and E. coli recording 20.0 and 17.0 mm zone of inhibition. 

It is revealed that there may be correlation in between sugars, proteins and free amino acids with antimicrobial potential of O. 

basilicum and C. procera extracts. 
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Introduction 

The antimicrobial is a compound used for the treatment of 

infection, which are caused by different type of 

microorganism such as bacteria, fungi, and protozoa. The 

word antimicrobial or antibiotics activity have been derived 

from Greek word (Anti = against, bios = life). The history of 

antimicrobial coincides with evolution of modern science. Its 

foundation was laid on the research work of Pasteure and 

Joubert, who discovered a special type of microorganism that 

stopped the growth of another microorganism (Kumar et al., 

2010) [15]. Medicinal plants have played a very essential role in 

the development of human culture. Medicinal plants are main 

resources of traditional medicines and many of the modern 

medicines are produced indirectly from plants. (Saleh 

Hosseinzadeh 2015) [25]. Plants are capable to synthesize 

substances which have therapeutic tendencies (Geissman, 

1963) [9] to treat various diseases. Many plants species are 

important source of drugs showing anti-cancer, antimicrobial, 

anti-inflammation, antioxidant and anti-diabetic properties. 

Plant extracts have been used as natural antimicrobials in food 

(Hsieh and Mau, 2001) [11].  

Calotropis procera Linn is a wild growing plant of family 

Asclepiadaecae, which is known to possess different 

medicinal properties. The plant attains height of about 6m and 

widely distributed in tropical regions (Irvine, 1961) [12] 

abundantly found in Pakistan, India, Bangladesh, Burma and 

sub Himalayan region (Kritikar and Basu, 1999) [14]. Various 

parts of C. procera plants have been used as Indian traditional 

medicine to treat ulcers, tumours, leprosy, piles as well as in 

abdomen, spleen and liver diseases (Kritikar and Basu, 1999) 

[14]. The root extracts are commonly used in the treatment of 

dyspepsia (Kumar and Arya, 2006) [16], leaves, bark and root 

are used as a curative agent for jaundice by various tribes of 

central India. Leaves of C. procera in water showed potentials 

to reduce total viable count (Shittu, et al., 2004) [28]. The plant 

is also known for its toxic properties that include dermatitis, 

iridocyclites and acts like a poison and produces lethal effects 

(Vadlapudi and Chandrashekar, 2010) [32].  

Ocimum basilicum (family; Lamiaceae) or basil originated 

from shores of Mediterranean Sea and Middle East and now 

growing in gardens worldwide (Grieve, 1967) [10]. The 

Lamiaceae plants are source of spices and flavours for various 

food products worldwide with effective drugs in folk medicine 

especially in Africa and Asia. The extracts showed strong 

antibacterial and antioxidant properties (Sacchetti et al., 2004; 

Jirovetz et al., 2003) [24, 13]. Basil oil has a wide application in 

perfumery, as well as in dental and oral products. Basil seeds 

are used in constipation, diuretic, Diarrhoea and mucous 

discharges (Farnsworth and Bunyapraphatsara, 1992) [8] while 

leaves used in dyspepsia (Nadkarni and Nadkarni, 1976) [22], 

treatment of skin diseases, acne, insect stings and snake bites 

(Martin and Ernst, 2004) [19]. In addition extracts of basil also 

showed antimicrobial responses against various 

microorganisms (Sappakul et al., 2003; Adiquzela and Colab, 

2005) [26, 1]. Present study was designed to evaluate the 

biochemical and antimicrobial potential of extracts of 

Calotropis procera and Ocimum basilicum against pathogenic 

species which are not reported in earlier studies. 

 

Material and Methods 

Fresh leaves and flowers of O. basilicum and C. procera were 

collected during June - September 2014 from the campus of 

University of Sindh, Jamshoro, brought in lab and identified 

through taxonomist in Institute of Plant Sciences. The leaves 

and flowers were washed thoroughly 2-3 times with water and 

dried at room temperature for one week. 
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Isolation of plant extracts 

2.0 gram dried leaves and flowers of C. procera and O. 

basilicum were grinded in few ml of water, 70% methanol and 

acetone, centrifuged at 6000 rpm and supernatant was 

collected in bottle. The process was repeated for twice, raised 

volume up to 20ml and stored at -40C for further analysis.  

 

Quantification of bio-chemicals 

Total sugars, reducing sugars and total proteins were 

quantified from leaves and flower extracts of C. procera and 

O. basilicum. Total sugars was determined through following 

the method reported by Montgomery (1960) as 0.5ml extract 

was taken in test tube, 2.5ml of conc. sulphuric acid and 50µl 

of 80% phenol solution were added, mixed thoroughly and 

stand for 15 minutes at room temperature. Finally absorbance 

was read against blank on spectrophotometer at 485nm. 

Glucose was used as standard for interpretation of results. For 

reducing sugars (Miller 1959) [20], 2.0ml of plant extract mixed 

thoroughly with 2.0ml of Dintrosalicylic acid (DNS) in the 

test tube. The reaction mixture was heated in boiling water tub 

for 5 minutes, cooled at room temperature and the absorbance 

was read by spectrophotometer at 540nm against blank. 

Reducing sugar concentration was calculated from standard 

graph prepared by using different concentrations of glucose as 

standard reducing sugar. Total proteins were quantified 

through Lowry et al., (1951) [17] method. 0.5ml of plant extract 

was mixed with 2.5 ml of alkaline copper solution in the test 

tube, wait for 10 minutes at room temperature and finally 

0.250µl Folin-Cicalteu (1:1v/v diluted with d. H2O) was 

added. After 30 minutes, the absorbance was read at 750nm 

against blank on spectrophotometer. Bovine serum albumin 

was used as standard protein.  

 

Identification of free amino acids and sugars  
Free amino acids and sugars in 10% water extracts of leaves 

and flowers of C. procera and O. basilicum were checked and 

identified through thin layer chromatography (TLC) using 

silica gel G-60 (Fluka). 0.2ml extract samples and amino acids 

standards were applied on activated TLC plates and developed 

with butanol-acetic-water (4:1:5 v/v/v) while for sugars 

identification, 0.2ml sample extracts and sugars standards 

were applied on TLC plates and developed in butanol, acetic 

acid and water (5:1:4 v/v/v) as solvent for TLC. After drying 

the TLC plates, the separated zones of free amino acids were 

visualized with freshly prepared ninhydrin (0.2g in 100ml 

acetone) solution and dried in oven for 5 minutes at 80C 

while separated zones of sugars were visualized with aniline 

spray (0.46g aniline and 0.85g phthalic acid dissolved in 50ml 

n-butanol). Individual visualized zones of test samples were 

identified and Rf values of standard amino acids, sugars and 

test samples were calculated by using the formula 

 

 
 

Bioactivity of Extracts  

For the purpose of bioactivity of extracts four identified 

bacterial strains (Escherichia coli, Klebsiella aerogenes, 

Staphylococcus pneumoniae, Staphylococcus aureus) and 

three fungal species i.e. Aspergillus niger, Aspergillus 

fumigatus and Mucor geophillus were collected from 

Diagnostic Lab ISRA University Hospital, Hyderabad.  

For antibacterial activity, about 0.1ml of each respective 

activated bacterial species (E. coli, K. aerogenes, S. 

pneumoniae and S. aureus) was inoculated and spread on to 

sterilized LB medium. About 3.0 mm3 diameter holes or wells 

were made in each seeded petri plate. About 10µl crude 

extract was added in separately labeled wells and incubated 

over night at 37°C. For negative control, well was filled with 

10µl of 70% ethanol. The efficacy of each sample extract was 

observed after 24 hours of incubation. The zones of 

inhibitions produced by these extracts were measured.  

Antifungal activity was tested against a common pathogenic 

fungal species A. niger, A. fumigatus and M. geophillus using 

the diffusion plate method. 0.5 ml of the fungal spore 

suspension was thoroughly mixed with 100 ml of melted 

Potato Dextrose agar (PDA) and poured into sterilized Petri 

dishes. As the agar was set, wells of 3 mm3 diameter bore 

were prepared on each of the seeded plate. Each well was 

filled with 10µl sample extract and Petri dishes were 

incubated at 37oC for 72 hours. All the culture plates were 

examined after 72 hours and the zone of inhibitions were 

measured. 

 

Results and Discussion 

Plants are capable to synthesize substances which have 

therapeutic properties. Many of these compounds have 

antimicrobial potential that either kill or inhibit pathogen 

growth. In present study, some of the biomolecules such as 

total sugars, reducing sugars and total proteins in 10% water 

extracts of O. basilicum and C. procera were analysed, free 

amino acids were identified and their correlation was 

evaluated with bioactivity of sample extracts against 

pathogenic four bacterial and three fungal species as presented 

in tables 1 – 5. It was observed that total carbohydrates were 

higher (6.5mg/ml) in 10% water extracts of flowers of C. 

procera but reducing carbohydrates and total proteins were 

lower (0.26mg/ml and 1.31mg/ml respectively) in same 

extract (Table 1). Similarly total protein contents were higher 

(2.37mg/ml) in 10% water extract of flowers of O. basilicum 

but the total carbohydrates were lower (4.8mg/ml) in all the 

extracts studied (Table 1). It was observed that pH of these 

extracts exhibited acidic in nature in the range of 4.01 to 5.48. 

The pH of all extracts of both plants O. basilicum and C. 

procera was observed as 5.48 and lower. Dahot and Soomro 

(1997 reported 5.88 pH of the Cardia latifolia fruit. This may 

be due to presence of different phytoconstituents in different 

plants. In present study, Leaves and flowers extracts of C. 

procera were found to be comparatively high in total sugars 

compared to O. basilicum extracts. Total carbohydrates were 

obtained as 6.5mg/ml in 10% water extract of flower of C. 

procera. Plants contain variable amount of sugar contents in 

its parts. Other researchers also obtained the sugar contents 

from plants. Dahot and Soomro (1997) [6, 7] isolated total sugar 

contents from the extract of Chenopodium album which are 

slightly higher than our results. However, Naqvi et al (2011) 

[23] obtained 10.06 mg/ml and 12.21 mg/ml total carbohydrates 

from 20% methanol extracts of A. nilotica stem and R. 

communis leaves which are almost similar to our results. The 
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total protein of O. basilicum leaves and flowers 2.30 to 2.37 

which is lower than total protein of Ficus elastic leaves 2.68 

and higher than the Papaya 1.60 and Ficus bengolensis leaves 

1.68mg/ml (M. Umar Dahot, et al 1999) [6, 7]. 

Some sugars and free amino acid were also identified through 

TLC in 10% water extracts of O. basilicum and C. procera 

leaves and flowers. The Rf values of visualized zones of 

samples were matched with the Rf values of standard sugars 

and free amino acids. The flowers of C. procera were found to 

have higher values of amino acids as six zones were 

visualized. The Rf values of these zones were matched with 

Rf values of aspartic acid, lysine, arginine, leucine, 

methionine and phenylalanine. Leaves of O. basilicum also 

showed six visualized zones, Rf values of five were matched 

with Rf values of glutamic acid, lysine, hydroxyl proline, 

isoleucine, methionine while Rf value of one zone was not 

matched with any Rf value of standard amino acid (Table 2). 

In flowers of O. basilicum four zones were visualized with 

two were matched with alanine and tyrosine and two were 

unknown (Table 2). According to results in table 3, four 

visualized zones of samples were matched with Rf values of 

four sugars i.e. glucose, ribose, lactose and fructose in leaves 

of C. procera while two unknown zones were also visualized 

along with glucose, ribose and fructose in flowers of C. 

procera. Similarly four known and one unknown spots were 

visualized in O. basilicum leaves (Table 3). On the basis of 

identified amino acids (table 2) and sugars (table 3), it has 

been confirmed that flowers and leaves of both plants C. 

procera and O. basilicum contained peptides or protein and 

sugar containing antimicrobial substances. Barman and Rai 

(2006) [5] also reported the presence of good proportion 

essential amino acids in plants that can be compared with egg 

proteins. Bahar and Ren (2013) [4] reported the wide spectrum 

role of antimicrobial peptides against microorganisms.  

Plants based antimicrobial peptides either inhibit the growth 

or kill the pathogen. Several researchers have isolated these 

compounds from plants that showed responses against 

microorganisms. In present experiment, 10% water, acetone 

and methanol extracts of leaves and flowers of O. basilicum 

and C. procera were used against four bacterial and three 

fungal species. According to results in tables 4 - 6, 10% water 

extracts C. procera leaves and flowers showed bioactivity 

against all tested bacterial and fungal species with 3.0 to 10.5 

mm of zones of inhibitions. Similarly 10% acetone extracts of 

C. procera leaves showed significant response against S. 

pneumoniae with 20.0mm zone of inhibition. Similarly 

methanol and acetone extracts of both plants failed to show 

effectiveness against M. geophilus (Tables 5 & 6) and only 

water extracts of C. procera leaves and flowers were effective 

against this fungal species (Table 4).  

All 10% solvent extracts showed antimicrobial activity but 

this response was lower than other researchers, this may be 

due to use to 10% extracts while other researchers used 20% 

or higher concentrations of extracts for antibacterial and 

antifungal activities.  

Phytoconstituents studies strongly confirm that small proteins 

or peptides play a significant part in plants as their 

antimicrobial defense system (Terras et al., 1995) [30], which 

protects them from microbial invaders. Plants secreted 

peptides or proteins and sugars have their own specific 

defense mechanism against plant pathogens. Among these, 

active mechanism may be either creation of ion channels in 

membrane of microbes (Zhang and Lewis, 1997; Terras et al., 

1993) [33, 29] or microbial proteins are adhered to 

polysaccharide receptors of the host (Sharon and Ofek, 1986) 

[27]. Furthermore, plants also secrete low molecular weight 

phytoalexins that protect them against the microbial invaders 

(Maher et al., 1994; Van-Etten et al., 1989) [18, 31]. Zhang and 

Lewis (1997) [33] reported that polypeptides and 

polysaccharides such as starch, fabatin and various lectins are 

effective inhibitors of pathogens. According to Avorn (1996) 

[3], fructose present in cranberry inhibited the adsorption of E. 

coli to epithelial cells of urinary tract. 

 
Table 1: Quantification of total proteins, total and reducing sugars water extracts of leaves and flowers of O. basilicum and C. procera 

 

Plant Extracts PH Total sugar (mg/ml) Reducing sugar (mg/ml) Total protein (mg/ml) 

O. basilicum (Leaf) 5.07 4.87 0.27 2.3 

O. basilicum (Flower) 5.48 4.8 0.4 2.37 

C. procera (Leaf) 5.17 6.35 0.49 2.12 

C. procera (Flower) 4.01 6.5 0.26 1.31 

 

Table 2: Identification of free amino acids in 10% water extracts of leaves and flowers of O. basilicum and C. procera through TLC 
 

Plants Extracts Standard Rf Value Sample Rf Value Identified amino acids 

O. basilicum (flower) 

- 0.15 Unknown 

- 0.23 Unknown 

0.304 0.30 Alanine 

0.400 0.41 Tyrosine 

O. basilicum (Leaf) 

- 0.14 Unknown 

0.076 0.08 Glutamic acid 

0.207 0.21 Lysine 

0.312 0.31 Hydroxy proline 

0.433 0.43 Isoleucine 

0.525 0.53 Methionine 

C. procera (flower) 
0.100 0.11 Aspartic acid 

0.207 0.22 Lysine 
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0.320 0.32 Arginine 

0.466 0.45 Leucine 

0.525 0.52 Methionine 

0.628 0.62 Phenylalanine 

C. procera (Leaf) 

0.207 0.20 Lysine 

0.307 0.30 Alanine 

0.426 0.42 Glutamine 

0.525 0.52 Methionine 

- 0.86 Unknown 

 
Table 3: Identification of carbohydrates in 10% water extracts of leaves and flowers of O. basilicum and C. procera through TLC 

 

Plants Extracts Standard Rf Value Sample Rf Value Identified Carbohydrates 

O. basilicum (flower) 

0.21 0.2 Maltose 

0.34 0.345 Glucose 

- 0.48 Unknown 

O. basilicum (Leaf) 

0.34 0.35 Glucose 

0.42 0.421 Ribose 

- 0.52 Unknown 

0.83 0.825 Lactose 

0.91 0.92 Fructose 

C. procera (flower) 

- 0.26 Unknown 

0.34 0.33 Glucose 

0.42 0.415 Ribose 

- 0.75 Unknown 

0.91 0.90 Fructose 

C. procera (Leaf) 

0.34 0.33 Glucose 

0.42 0.41 Ribose 

0.83 0.82 Lactose 

0.91 0.91 Fructose 

 
Table 4: Antimicrobial activity of water extracts of leaves and flowers of O. basilicum and C. procera against some pathogenic bacterial and 

fungal species 
 

 

Plant Extracts 

Antibacterial activity (Zones of Inhibitions in mm) Antifungal Activity (Zones of Inhibitions in mm) 

K. aerogenes E. coli S. pneumoniae S. aureus A. niger A. fumigatus M. geophilus 

O. basilicum (Leaf) 6.0 4.8 -ve -ve 6.0 -ve -ve 

O. basilicum (Flower) -ve 10 -ve -ve -ve -ve -ve 

C. procera (Leaf) 5.5 6.0 8.0 7.5 4.0 10.5 5.5 

C. procera (Flower) -ve 4.0 5.5 3.5 8.0 3.0 4.0 

Negative Control (d. H2O) -ve -ve -ve -ve -ve -ve -ve 

 
Table 5: Antimicrobial activity of methanol extracts of O. basilicum and C. procera against some pathogenic bacterial and fungal species 

 

 

Plant Extracts 

Antibacterial activity (Zones of Inhibitions in mm) Antifungal Activity (Zones of Inhibitions in mm) 

K. aerogenes E. coli S. pneumoniae S. aureus A. niger A. fumigatus M. geophilus 

O. basilicum (Leaf) 4.5 -ve 6.0 6.5 -ve -ve -ve 

O. basilicum (Flower) 14.0 -ve -ve 7.0 -ve 6.0 -ve 

C. procera (Leaf) 8.0 7.0 -ve 5.0 6.5 18.0 -ve 

C. procera (Flower) 4.0 5.5 -ve -ve 10.5 8.0 -ve 

Negative Control (70% Methanol) -ve -ve -ve -ve -ve -ve -ve 

 
Table 6: Antimicrobial activity of acetone extracts of O. basilicum and C. procera against some pathogenic bacterial and fungal species 

 

Plant Extracts 
Antibacterial activity (Zones of Inhibitions in mm) Antifungal Activity (Zones of Inhibitions in mm) 

K. aerogenes E. coli S. pneumoniae S. aureus A. niger A. fumigatus M. geophilus 

O. basilicum (Leaf) -ve 7.5 12.0 -ve 8.0 -ve -ve 

O. basilicum (Flower) -ve 16.0 8.5 -ve -ve -ve -ve 

C. procera (Leaf) -ve 17.0 20.0 6.0 5.5 8.0 -ve 

C. procera (Flower) -ve 6.0 14.5 11.5 -ve 4.5 -ve 

Negative Control (70% Acetone) -ve -ve -ve -ve -ve -ve -ve 

 

Conclusion 

The results revealed during the preliminary investigation on 

bioactivity of leaves and flowers extracts of O. basilicum and 

C. procera against pathogenic bacterial and fungal species and 

their correlation with sugars, proteins and amino acids. Leaves 

and flower extracts of C. procera showed significant 
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bioactivity against all tested microorganisms as the highest 

zone of inhibition (20.0mm) was observed against S. 

pneumoniae. C. procera extracts also showed higher amount 

of sugar contents compared with O. basilicum extracts. 

Results of sugars, proteins and free amino acids of both plants 

extracts revealed that these biomolecules may have correlation 

with the bioactivity against tested pathogenic microorganisms. 

Furthermore plants may contain alkaloids, phenolic acids, 

flavonoids, etc. which should be investigated. 

 

References 

1. Adiquzela A, Colab SG. Antimicrobial effect of Ocimum 

basilicum extract. Turk J Biol., 2005; 6:155-157. 

2. Ahmed A, Guluge M. Antimicrobial effects of Ocimum 

basilicum extract. Turk J Biol., 2005; 29:155-160. 

3. Avorn J. The effect of cranberry juice on the presence of 

bacteria and white blood cells in the urine of elderldy 

women. What is the role of bacterial adhesion? Adv. Exp. 

Med. Biol., 1996; 408:185-186.  

4. Bahar AD, Ren D. Antimicrobial Peptides, a Review. 

Pharmaceuticals, 2013; 6:1543-1575. 

5. Barman K, Rai SN. Utilization of tanniniferous feeds: 

Chemical composition, amino acid profile, and tannin 

fractionation of certain Indian agro-industrial by products. 

Indian J Anim. Sci., 2006; 76:71-80. 

6. Umar Dahot M, Mangrio SM, Khaskhely MH, Dewani 

VK. Nutrient composition of Chibber Cucumis melo var 

Agrestis fruit. Commun. Soil. Sci. Plant Anal. USA, 

1999; 30(1-2):75-82. 

7. Dahot MU, Somoro MH. Nutrient composition of Giduri 

fruit cardia Latifolia ROXB. Science International - lahor, 

1999; 11:117-118. 

8. Farnsworth NR, Bunyapraphatsara N. Thai Medicinal 

Plants eds, Bangkok; Medicinal Plant Information Centre, 

1992; 180-182.  

9. Geissman TA. Flavonoid, Tannins, and Lignin 

Compounds, In: Florkin M, Stotz EH. eds., Pyrrole 

Pigments, Isoprenoid Compounds and Phenolic Plants 

Constitutes, Elsevier, New York, 1963; 9. 

10. Grieve M. A Modern Herbal, New York, Hafner, 1967; 

1:86.  

11. Hsieh PC, Mau JL. Antimicrobial effect of various 

combinations of plants extracts. Food Microbiology, 

2001; 18:35-43. 

12. Irvine FR. Woody plants of Ghana. Oxford University 

Press, London, 1961, 48-50. 

13. Jirovetz L, Buchbauer G, Shafi MP, Kaniampady MM. 

Chemo-taxonomical analysis of the essential oil aroma 

compounds of four different Ocimum species from 

southern India. Eur Food Res Technol., 2003; 217:120-

124. 

14. Kritikar KR, Basu BD. Indian Medicinal Plants 2nd eds., 

International Book Distributors, Dehradun, India, 1999; 

3:1610. 

15. Kumar G, Karthik L, Venkata K, Rao B. Antibacterial 

activity of aqueous extracts of Calotropis gigantean 

leaves - An in vitro study. International Journal of 

Pharmaceutical Sciences Review and Research, 2010; 

4:41-144. 

16. Kumar VL, Arya S. Medicinal uses and pharmacological 

properties of Calotropis procera In: Govil, J.N. Ed., 

Recent Progress in Medicinal Plants, 11. Studium 

Press, Houston, Texas, USA, 2006, 373-388. 

17. Lowry OH, Rosebrough NJ, Farr AL, Rendell RJ. Protein 

measurement with Folin phenol regent. J Biol. Chem., 

1951; 143:265-275. 

18. Maher EA, Bate NJ, Elkin WNIY, Dixon RA, Lamb CJ. 

Increased disease susceptibility of transgenic tobacco 

plants with suppressed level of preformed 

phenylpropanoid products. Proc. Natl. Acad. Sci. USA, 

1994; 91:7802-7806. 

19. Martin KW, Ernst E. Herbal medicines for treatment of 

fungal infections: a systematic review of controlled 

clinical trials. Mycoses, 2004; 47:87-92. 

20. Miller GL. Use of Dnitrisallicylic acid for the 

determination of reducing sugar. Anl. Chem., 1959; 

31:426-428. 

21. Montgomery R. Further studies of the phenol sulphuric 

acid regent for carbohydrate. Biochem. Biophyssc. Acta, 

1960; 48(3):591-593. 

22. Nadkarni AK, Nadkarni KM. Indian Materia Medica. 

Bombay: Popular Prakashan, 1976; 1:861-867.  

23. Naqvi SH, Dahot MU, Rafiq M, Khan MY, Ibrahim I, 

Lashari KH, et al. Anti-microbial efficacy and 

biochemical analysis from different parts of Acacia 

nilotica L and Ricinus communis L extracts. Journal of 

Medicinal Plants Research. 2011; 5(27):6299-6308. 

24. Sacchetti G, Medici A, Maietti S, Radice M, Muzzoli M, 

Manfredini S, et al. Composition and functional 

properties of the essential oil of Amazonian Basil, 

Ocimum micranthum Willd., Labiatae in comparison with 

commercial essential oils. J Agric Food Chem., 2004; 

52:3486-3491.  

25. Saleh Hosseinzadeh1, Azizollah Jafarikukhdan2, 

Ahmadreza Hosseini3, Raham Armand4. The Application 

of Medicinal Plants in Traditional and Modern Medicine: 

A Review of Thymus vulgaris. International Journal of 

Clinical Medicine, 2015; 6:635-642. 

26. Sappakul P, Miltz J, Sonneveld K, Bigger SW. 

Antimicrobial properties of basil and its possible 

application in food packaging. J Agric Food Chem., 2003; 

11:3197-207. 

27. Sharon N, Ofek I. Mannose specific bacterial surface 

lectins. In: D. Mirelman ed., Microbial lectins and 

agglutinins. John Wiley and Sons, Inc., New York, USA, 

1986; 55-82. 

28. Shittu BO, Popoola TOS, Taiwo O. Potentials of 

Calotropis procera leaves for Wastewater treatment. 

Proceedings of the International Conference on Science 

and National Development held at University of 

Agriculture, Abeokuta, 2004; 97-101. 

29. Terras FRG, Schoofs HME, Thevissen HME, Osborn 

RW, Vanderleyden J, Cammue BPA, Broekaert WF. 

Synergistic enhancement of the antifungal activity of 

wheat and barley thionins by radish and oilseed rape 2S 

albumins and by barley trypsin inhibitors. Plant Physiol., 

1993; 103:1311-1319. 

30. Terras FRG, Eggermont K, Kovaleva V, Raikhel NV, 

Osborn RW, Kester A, et al. Small cysteine rich 

antifungal proteins from radish: Their role in host 



National Journal of Advanced Research 

62 

defense. Plant Cell, 1995; 7:573-588.  

31. Van-Etten HD, Matthews DE, Matthews PS. Phytoalexin 

detoxification importance for pathogenicity and practical 

implications. Ann. Rev. Phytopathol., 1989; 27:143-164.  

32. Varahalarao V, Chandrashekar NK. In vitro bioactivity of 

Indian medicinal plant Calotropis procera Ait. J of Global 

Pharma Technology. 2010; 2(2):43-45. 

33. Zhang Y, Lewis K. Fabatins new antimicrobial plants 

peptides. FEMS Microbiol. Lett., 1997; 149:59-64. 


