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CHAPTER-I 

INTRODUCTION 

Plants are the backbone of all life on Earth and an essential resource for 

human well-being. Plant is an important source of medicine and plays a key role in 

world hcalth. Herbal medicines proved to be the major remedy in traditional system of 

medicine. They have been used extensively in medical practices since ancient times. 

This promnpts the development in the practices of medicinal plants. The reasons are 

because of their biomedical benefits as well as place in cultural belicfs in many parts 

of worldin the development of potent therapeutic agents. During 1950-1970, 
approximately 100 plants based new drugs were introduced in the USA drug market 

including deserpidine, reseinnamine and vincristine which are derived from higher 

plants. 

Modern medicine depends on biologieal materials as an incomparable source 

of molecular diversity. One-quarter of all prescription drugs come directly from or are 

derivatives of plants. Recently however, attention is turning back to natural products 

as drug sources, since they have been so successful in the past. These davs the term 

"Alternative Medicine" became very common in western culture. it focus on the idea 

of using the plants for medicinal purpose. 

Medicinal herbs or plants have been known to be an important potential source 

of therapeutics or curative aids. The use of medicinal plants has attaincd a 

commanding role in health systemn all over the world. Medicinal plants have provided 

mankind a large variety of potent drugs to alleviate or eradicate infections and 

suffering from diseases in spite of advancement in synthetic dngs, some of the plant 

derived drugs still retained their importance and relevance. This involves the use of 
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medicinal plants not only for the treatment of discases but also as potential material 

for maintaining good health and conditions. Many countries in the world, that is, two 

third of the world's population depends on herbal medicine for primary hcalth care. 

The reasons for this is because of their better cultural acceptability, belter 

compatibility and adaptability with the human body and pose lesser side effects. From 

records, most ofthe used drugs contain plant extracts. Some contain active ingredicnts 

(bioactive components or substances) obtained from plants. Through recent 

researches, plant-derived drugs were discovered from the study of curative, 

therapeutic, traditional cures and most especially the folk knowledge of indigenous 

people and some of these claims and believe of people are irreplaccable despite the 

recent advancement in science and technology. 

The use of plant-based drugs all over world is increasing. There have been 

records of advances made in the modern (synthetic) medicine there are still a large 

number of ailments or infection (diseases) for which suitable drugs are yet to be 

found. These have brought an urgent need to develop safer drugs (both for man and 

his environment) for the treatment of inflammatory disorders, diabetes, liver diseases. 

and gastrointestinal disorder. Through recent researches on herbal plants or medicine, 

there have been great developments in the pharmacological evaluation of various 

plants used in traditional systems of medicine. Consequently, plants can be described 

as a major source of medicines, not only as isolated active principles to bc dispenscd 

in standardized dosage form but also as crude drugs for the population. 

The term of medicinal plants include a various types of plants used in 

herbalism and some of these plants have a medicinal activities. These medicinal 

plants consider as a rich resources of ingredients which can be used in drug 

development and synthesis. Medicinal plants frequcntly used as raw materials for 
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extracton of active ingredents which used in the synthesis of dfferent drups, Besdes 

that these plants play a ctical role in the development of human cultures around the 

whole world. 

Herbal dugs from ethno mcdicinal plants have yaincd considerable 

mportance in the recent past not only in India but also around the world (Farnsworth, 

|990). Traditional medicinal knowledge in India has passed from one generaton to 

the next, withn spccific geographical locations or tribal groups (Dey et al.. 2017). 

This traditional knowledge finds its root in Indian traditional systems of medicine ie. 

Ayurveda and Siddha which is now gaining popularity in western world too. Herbal 

medicincs are much in demand as they are affordable and have much less side effects 

(Modak et al. 2015). Recently WHO has also recognized the importance of 

traditional medicine in the hcalthcare scctor. In A yurveda and Siddha systems. 

fomulations fromn appropriate parts of plants arc made and used for treatment of 

arious ailments. For alnost past three dccades, many ethno medicinal plants 

mentioned in Ayurveda and Siddha systems of medicines are being scientifically 

evaluated (Sharma and Patki, 2010). Scientific evaluation of ethno medicinal plants 

provides ev idence-based alternative medicines which form the basis of herbal drug 

industry and discovery of drug targets in the pharmaceutical industry (Patwardhan. 

2005). I may be en1phasized here that usage of ethno medicinal plants for traditional 

medical ireatment or for use n manulacture o1 AyurVcdie mcdicines or other herbal 

drugs, when supported by scienufic evIdences can ensure sale and more eflective 

utilzatn of natural product drugs universally Medicmal plants have a promisng 
future because there are about ball m1llon plants around the world, and most of thenn 

their medcal xvties have no nvestuyate yet, and theiI medcal actvities cou be 

(hecsrve in the reatrnenl of prewnt or uue studies 
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To cvaluate the antimicrobial activily of Sida acuta and Sida cordifolia 

acuta and Sidu cordifolia 

To study the microscopic characteristic of root, stem and leaves of Sida 

cordifolia 

To clucidate the macroscopic characteristic of Sida uuta and Sida 

In vicw of these fact, the present investigation is undertaken. 

wounds, etc. 

like cough and cold, fever, stomach, kidney and liver disorders, pains, inflammations, 

extracts, powder, paste by tribal populations of India for treating common ailments 

traditional system of medicines. Traditionally these plants were used in the form of 

Sida cordifolia are ethnomedicinal plants of Malvaceae, commonly used in Indian 

genera and 93 species many of which have ethno medicinal value. Sida acuta and 

tropical and subropical regions of the world. In India, the family is represented by 22 

known as "Mallow family' It has 82 genera and 1500 species distributed widely in 

The family Malvaceae is one of the largest flowering plants and is commonly 



CHAPTER-I 

REVIEW OF LITERATURE 

Plants have becn shown to have penuine utility and about 80% of he rural 

population depends on them as primary health care (Akinyemi, 2000). In developing 

countries, notably in West Africa, new drugs arc not often a•fordable. Thus, up to 

80% of he population uses medicinal plants as remedies (Kirby, 1996). 

The ethnomedicinal usage of Sida acuta (Sanskrit name: Balapatta) has been 

reported from among the ethnic tribes from many parts of India. The tribal population 

from north eastern and southern parts of India have been extensively using different 

parts of the plant for trcatment of dandruff, rheumatism, liver problem. kidney stones 

and nervous disorders (Gairola et al., 2013). Juice of fresh leaves are used as anti 

helminthic, anti-vomitting and gastric disorders (Akilandeswari et al., 2010). Paste of 

roots in lemon juice is applied on boils and abscises (Shivanna and Rajakumar, 2010). 

Decoction of roots is u sed to treat rheumatism and breathing disorders. Hot water 

extract of whole plant is used as diuretic (Nadkarni, 1976). 

Plant is also used by tribes of Tamil Nadu (Southern India) for treating 

bronchitis dysentery, diarrhoea and skin diseases (Ignacimuthu, 2006). Besides India, 

other A sian (Sri Lanka, Taiwan); Central and South American (Mexico, Venezuela, 

Colombia, Cuba, Nicaragua, Guatemala) and African countries (Nigeria, Togo, Ivory 

Coast, Kenya) also use this cthnomedicinal plant for treating dysentery, hemorrhoids. 

malaria, venereal discases, ulcers, renal inflammations, fever and asthma (Dinda 

et al.. 2015). Root sour and swect, removes tridosha, digestivec and diuretic. uscful in 

fever, burning of the body and urinary discharges (Kirtikar and Basu, 1994). 
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Bala (Sida cordifolia Linn.) that is also known as "Indian Ephedra` is a plant 

drug. which is used in the various medicines in Ayurveda, Unani and Siddha system 

of medicne since ages. it has good medicinal value and useful to treat diseases like 

fever, weightloss, asthma, chronic bowel complaints and nervous system disease and 

acts as ana lgesic. anti-inflammatory, hypoglycemic activities etc. (Sharma, 2013). 

Due to ephedrine. various Ayurvedic preparation of Sida cordifolia are used in 

asthma. fat lose. increase energy, chronic dysentery and gonorrhea in the Indian 

subcontinent (Anonymous, 1988). It has folklore use as a general tonic, ant1 

intlammatory agent, and blood coagulant. 1t has also been used in some 

gynecological practices. sexual inadequacies. and Parkinson's disease (Puri. 1993). 

Kanth and Diwan, 1999 reported that Sida cordifolia possess analgesic, anti 

inflammatory, anticancer, diuretic, laxative, hypoglycemic, antispasmodic, 

ANATOMICAL STUDIES 

antiasthmatic, antiamocbic, antiurinary filariasi, 

hepatoprotective activities. Medeiros et al. (2006) showed that aqueous fraction of 

hydroalcoholic extract of leaves induces vasorelaxation and hypotension. The plant 

have weight loss and wound healing, thyroregulatory, adaptogenic, antibacterial, 

antiplaque. and antifungal activities (Muauza et al., 1994). Studies of Rastogi and 

Malhotra (1985) showed that the roots possessed diuretic and tonic properties and 

administered for nervous disorders such as hemiplegia and facial paralysis. 

antihypertensive 
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and 

Anatomy along with plant mophology always treated as the backbone of plant 

taxonomy and syst ematists clucidated the plant diversity, phylogeny and evolution 

following these traits (Endress et al., 2000). Morphological and microscopic studies 

of lcaves act as a reliable aid for detecting adulteration. These simple but reliable 



standards will be useful to a lay person in using the drug as a home remedy 

(Khandelwal. 2007). Microscopy is an important tool for authentification of crude 

drugs and study of powdered drugs (Ponnudurai et al. 2011). Morphological and 

anatomic characters of leaf are used as taxonomic markers to assist in the correct 

identification of the plant species. Some particular groups of plants or taxa seem t0 be 

characterized by specific type of cross sectional anatomy, epidermal features, which 

are the epidermis, stomata, gland and trichomes (Park, 1994). 

Anatomical data are applied to improve classification schemes and it is often 

used for identification. Wide range of anatomical data is used by systematists 

including anatomy from stem, leaf, petiole, stipule, node, flower, fruit, seed etc. Often 

these anatomical features are corelated with environmental factors (Naskar. 2016). 

Establishment of the pharmacognostic, morphological and microscopical characters of 
leaves and bark of the plant will assist in standardization, which can guarantee 

quality, purity and identification of samples (Karthikeyan, 2012). 

Cutler et al. (2007) reported that in systematic anatomy has a long history 

since the invention of microscope. Taxonomists found anatomical similarities among 

related plant groups. The leaf epidermis is generally a valuable character for the 

classification and delimitation of species and genera, and/or for the discussion of 

1986). I is important to interpret relevant phylogenetic problems (Jones, 

morphological and anatomical descriptions of crude drugs as well as characteristic 

features of drugs and adulterants ofcommercial significance (Dharmesh et al.. 2010). 

Ozkan and Uzunhisarcikli (2009) provided detailed comparative anatomical 

information for the genus Althaea, which is hithertO unavailable among the Turkish 

species. Anatomical studies of the root of four Sida species, S. rhombifolia, 
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S abnifolia, S cabrida and S rhombojdea comne under Sida thomlbifola complex 

(Malvaceac) werc carried out and comparcd (Navas ctal. 2013), (Garcia et al (2014) 

investigated the leaf anatomy of I grandiflon1m, 1 speciosum and 1 subimamum in 

order to contribute to the biological knowledge of species of Theobroma and provide 

support for the biotechnological studies of native fruit plants of the Amazon 

Micro morphological investigations of the foliar epidermal anatomy, 

particularly the diversity and distribution of glandular and eglandular trichomes on 

leaves of Sidu albu L.. S. ali, S. Abedin var. alii, S. cordata, S. mysorensis, S. ovata, 

S. spinosa L and S. yunnanensis have been carried out by Shaheen et al. (2009) to 
assess the systematic relevance of epidermal features and trichome diversity within 

the genus SidaL. 

Nurhanim et al. (2014) carried out leaf anatomy and micromorphology study 

on five selected taxa in the genus Schoutenia Korth of Malvaceae subfam. 

Brow nlowiojdeae to investigate the taxonomic value of lcaf anatomical and 

micromorphologjcal characteristics of the genus Schoutenia. Ltahir et al. (2017) 

compared the macro and micro mophology of the leaves of Abutilon figariamum and 

Abutilon pannOSum (Malvaceae) to assist as a relevant source of information and 

contribute towards the standards to dispose the quality and identity of these plants to 

avoid adulterations. 

ANTIBACTERIAL ACTIVITY 

Microbial infections pose a health problem all over the world, and plants are a 

potential source of antinicrobial infections pose a health problem all over the world 

and plants are a potencial source of antimicrobial agents (Burapadaja and Bunchoo. 

1995). Medicinal plants have been a valuable source of natural active constitiuents 



that products for mantain human health and treatent of many human dtscase (Stary 

and Hans, 1998) rom anccnt tumes. humans bave ublzed plants for the treatiment or 

prevention of discases, leadin lo the dawn of tradtonal medic1ne (Audu ct al. 

2007) Effective antnicrobials have been developed over the past yeas. seveial 
reports development of antibiotic resistance of human pathogens to available 

antibiotics (Martino et al., 2002). 

Due to the cost cllectiveness, safety, increasing failure of chemotherapy and 

antibiolic resistance, search for plant resources has been incrcased for their potential 

antimicrobial activity (Hammer et al., 1999). Antibiotic resistance has become a 

global concern (Westh et al., 2004). There has been an increasing incidence of 

multiple resistances in human pathogenic microorganisms in reccnt years, largely due 

to indiscriminatec use of commercial antimicrobial drugs commonly employed in the 

treatment of inlectious discases. Recent work revealed the potential of several herbs 

as sourCes of drugs (Iwu, 2002). The screening of plant extracts and plant products for 

antimicrobial activity has shown that highcr plants represent a potential source of 

novel antibiotic prototypes (Afolayan, 2003). 

The emergence of resistant bacteria, cspecially those causing infections on 

wounds. has become a health care problem that has caused serious concern to medical 

practice (Arias and Murray, 2008). Drug resistant bacteria render many synthetic 

antibiotics ineffective or useless (Venkatesan et al., 2009). Antibacterial drugs have 

been in used since several years ago to handle these infcctions. However. in the recent 

decade, bacterial resistance to these drugs is being reported (Steven et al., 2015), 

Extreme interest in plants with microbial activity has revived as result of current 

problems such as resistance associated with the use of antibiotics obtained from 

microorganisms (Koday et al., 2010). 



Hoffman ct al. (2004) analysed the antibacterial activitv of Sidu auta against 
the gram positive microorganism Staphvlococcus areus. Ekpo and Etim (2009) 
reported the antibacterial propertv of Sida aata (ethanolic and water extract) on 

isolated microbes from human skin infection. StaphvlocOCUS aurcus, Bacillhus 
subtilis, P. aerginosa and E. coli. Ethanol extract revealed a higher sign1ticant 
inhibition against S. aureus and B. subtilis. A similar antibacterial property of S. ucuta 

was also reportedby Karou et al. (2006). 

Prabahar et al. (2009) carried out the antibacterial activity of the plant 

A. indicum (L.) Swcet, which is a cosmopolitan genus belonging to the family ol 

Malvaceae, to determine the antibacterial activity of different extracts of the leaves on 

gram positive and gram negative micro organisms against penicillin potassium 

(20 units/ml) and streptomycin sulphate (25 mg/ ml). Kumar et al. (2009) formulated 

new, cost effective antimicrobial combination for multidrug resistant discascs bascd 

on the synergistic activity of oxytetracycline with methanolic extract ol Thespesia 

populnea (Malvaceae) a nedicinal plant common in South India. 

Sowmya et al. (2018) investigated the potential presence of naturally 

occurring antimicrobials in petals of flowers of Hibiscus sabdariffu L., (Malvaceae) 

against isolated eye pathogens. Owing to the usage of these flowers in common 

were screened for antibacterial activity folklore medicine, the extracts of petals 

against pathogenic microbes isolated from the eyes of eye infected persons, Abdul 

et al. (2010) conducted an investigation with crude methanolic extract of leaf of 

Abutilon indicun for its cytotoxic and antimicrobial activity against various Gram 

positive, Gram-negative bacteria and fungi using disk diffusion technique. Junior 

et al. (2015) investigated the antifungal effect of ethanol extract from different parts 

of Luehea paniculata Mart & Zucc., a medicinal tree of multiple effects, individuallv 
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and in combination with a commercial dnug. against clinical isolates of multidrug 

resistant strains of Cadida. 

Woldeyes et al. (2012) Isolated compounds from roots of Sida vhombifola and 

subsequently evaluated their antibacterial activites on four diflerent pathogenic 

bacterial strains (Staphylococcus aureus, Escherichia coli, Pseudomoas aeruginosa 

and Salmonclla tvphim1riun) using agar disc diffusion technigue. The antimicrobial 

activity of the 90% ethanol extract of the acrial parts of Sidu acula Burm. F. 

(Malvaccae) was investigated in order to verify its claimed cthno medicinal use in the 

treatment of microbial infections. (Oboh et ul.. 2007). Jacob et al. (2018) validated the 

folklore use of Sida corynbosa on wound healing and reported that Sida corymbosa 

leaves are good source of antibacterial agents that possess wound healing property in 

line with its cthno-medicinal use. 

Debalke et al. (2018) assessed the antibacterial activity of the aqueous 

methanol extract of the Sida rhombifolia 's acrial part on five pathogenic bacteria 

species using agar well diffusion method at different concentrations of plant extracts 

and screened phytochemical constituents of the plant. Ruban and Gajalakshmi (2012) 

determined the role of flower in Hibiscus rosa-sinensis extract in the in-vitrO 

antibacterial activity against human pathogens viz., Gram positive bacteria 

Stuphylococcus ureus, Streptococcus, Bacillus subtillis and Gram negative bacleria 

Escherichia coli, Psendomonas ueruginosa and Salnonella. 
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Collection and identification of plant materials 

Macroscopic studies 

CHAPTER-III 

MATERIALS AND METHODS 

The fresh plant materials of Sida acuta and Sida cordifolia are collected from 

the State bank colony and Suntharavalepuram in the month of January 2019. The 

plants are identified with the help of local floras. The collected plants are preserved as 

per the standard procedure (Jain and Rao. 1977). Voucher specimens of all the 

selected taxa are deposited and preserved in the St. Mary's College Herbarium 

(SMCH), Research Centre for Plant Sciences, St. Mary's College. Thoothukudi, 

Tamil Nadu, India. 

Macroscopic evaluation is the method of qualitative evaluation established on 

the study of morphological and sensory profiles of whole plant. Fresh, full-grown and 

healthyplant of both species are collected and washed in pure water to remove all the 

impurities. The samples are subjected to macroscopic evaluation by observation with 

naked eyes. A magnifying lens with a dissecting microscope is used for a better 

evaluation of surface characters 

Morphology 

Study of plant morphology is the first step in the medicinal plant research and 

is useful in the identification of plants. The morphological parameters like plant 

height, leaf size and shape, phyllotaxy, inflorescence type, flower colour, flower 

structure, fruit, seed characters and other important features of all plants are noted. 
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Organoleptic characters (Khandelwal, 2003) 

Organoleptic evaluation can be done by means of organs of sense which 

includes the parameters like colour, shape, odour, taste, surface characteristics and 

texture and there by define some specific characteristics of the material which can be 

considered as the first step towards establishment of identity and degree of purity of 

the drug. 

Microscopic studies 

The microscopic evaluation is used for studying the anatomical features of 

transverse section of root, stem and leaf of Sida acuta and Sida cordifolia. Linn. 

Enough number of sections are taken by hand using razor blade. The sections are 

carefully transferred to a petridish containing water and few thin sections that floated 

in water are selected. Then selected sections are stained in saffranin. A stained section 

is carefully transferred on a clean glass microslide using thin brush. With the help of a 

forceps and a needle a clean cover slip is placed gently over the section. With the help 

of a blotting paper excess glycerine is removed and the slide is observed under a 

digital microscope. 

Photomicrographs 

supplemented with micrographs Microscopic descriptions of tissues are 

wherever necessary. Photomicrographs of different magnifications are taken with 

Nikon Laphot 2 microscopic unit. For normal observations bright field is used. 

Magnifications of figures are indicated by scale bars. Descriptive terms of anatomy 

features are as given in the standard anatomy books (Esau, 1964). 
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Antibacterial studies 

Preparation of plant powder 

Fresh lcaves of Sida acuta and Sida cordifolia are washed 2-3 times with tap 

water and subjected to drying at room temperature. The dried plant materials are 

powdered using a clean mixer grinder and filled in air tight container and stored in a 

dry place on room temperature till analysis. 

Preparation of plant extract 

The powdered plant samples (20 g) are extracted with methanol and ethanol 

using soxhlet apparatus. Solvent was evaporated under vacuum and concentrates are 

used for antibacterial assay. 

Collection of microorganisms 

Stock cultures of bacteria such as, Escherichia coli and Bacillhus subtilis are 

obtained from the Department of Microbiology. St Mary's College (Autonomous), 

Thoothukudi. 

E.coli - Escherichia coli, also known as E. coli, is a Gram-negative, facultative 

anaerobic, rod- shaped, coliform bacterium of the genus Escherichia that is 

commonly found in the lower intestine of warm-blooded organisms. 

Bacillus - Bacillhus is a genus of Gram-positive, rod-Shaped bacteria, a member of the 

phylum Firmicutes, with 266 named species. The term is also used to describe the 

shape of certain bacteria; and the plural Bacilli is the name of the class of bacteria to 

which this genus belongs. 

14 



Preparation of media 

The growth media employed in the present study included Nutrient agar and 

Nutrient broth. Nutrient agar is composed of 

Beef extract 

Peptone 

Agar 

Distilled water 

Nutrient broth is composd of 

Beef extract 

Peptone 

Distilled water 

pressur (121°C ) for 15 min. 

Sub culturing of microorganisms 

3.0 g 

5.0 g 

Preparation of inoculum 

15.0 g 

1000 ml 

3.0 g 

The medium was adjusted to pH 7.4 and sterilized by autoclaving at 15 Ib 

5.0 g 

1000 ml 

The pure culture of microorganisms was maintained on nutrients agar slants 

by frequent sub culturing. The culture was stored at 4°C. 

Each organism was rccovered for testing by sub culturing on fresh media, A 

loopful inoculum of cach bacterium was suspended in 5 ml of nutrient broth and 
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incuu of cach bacterium was suspended in 5 ml of nutrients both and ncubated 

overnight at 37C. These overnight cultures were used as inoculums 

Antimicrobial activity 

Antimicrobial activity is demonstrated by modification of the nethod 

described by Barry and Thomsberry (1985). 0.I nl of the diluted microbial culture is 

spread on sterile nutricnt agar plate. The pre-soaked and dried discs of 6 mm diameter 

of Whatman No.1 filter paper are then placed on the seeded plates and gently pressed 

down to ensure contact. At the same time standard antibiotic of tetracycline is used as 

reference or positive control. Respective solvents without plant extracts served as 

negative control. The plates are incubated at 37°C for 24 hrs, After the incubation 

period, the diameter of the inhibition zone around the plant extract salurated discs are 

measured and also compared with the diamcter of inhibition zone of commercial 

standard antibiotic discs. The inhibition zone around the discs are mcasured and 

recorded as the difference in diameter between the disc (6 mm) and growth free zone 
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Systematic position 

Indigenous knowedgc had a role to play in th: understzndig oeutee 
man with fauna and ilora over centurnes. In spite of geat irnpoance tO 

diversity and the arnount of attet 1on is currentiv being grven to traditoral medkine 

at both national and internatio nal levels Many of these biologial diversties 3re used 

in local traditional medicine and have been reputed through expernence inhertai irom 

one generation to the other useful medicinal activity (Ibrahim et al.. 2007). In te 

present investigation, Sida ucuta and Sida cordifolia beongs to family Malvaceae 

have been subjected to macroscopic and microscopk analysis. The antibecteral 

potential of the leaves are studied. 

is as follows. 

In Bentham Hooker's System of classification. the Sy stemat ic position of Sida 

Kingdom 

Class 

Sub class 

Order 

Family 

RESULT AND DISCUSSIOY 

Genus 

CHAPTER-IV 

Plantae 

Dicotyledons 

Polypetalae 

Malvales 

Malvaceae 

Sida 
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Macroscopic Characters 

Sidu acuta Burm. F 

Annual, erect herbs, 0 5 

stellate hairs, Lcaves 1 - 9 x 0.5 

2m high. stems pubescent with snple minute 

acute at apex, mostly seate, 3-nerved at base, hais smple, petioles ? 

Flowers axillary, solitary. buttercup like in shape, with overlapping petals, Calyx 

25 cm, lanceolate o lncal, cllipic lanceolale, 

5 -6 mm across, campanulate; Corolla light yellow, 8 - 10 m1 across; petals as long 

as or slightly exceeding calyx lobes; Mericarps 6 - 10, apically 2 awned of equal 

length; 1-seeded; Seeds dark brown.(Plate-1 ) 

Flowering and Fruiting : July to March 

Sida cordfolia L., 

Distribution : Along roadsides, in wastelands. both shady and open places 

Vernacular name : Common wireweed, Morning nmallow,Palambasi 

Secds grayish black. (Plate 2) 

0 mm long 

Erect under shrulbs, up to l m high; stems branched with minute stellate hairs 

mixed with simple hairs. Lcaves 6 x 5 cm, ovate to oblong or sub-orbicular, shallowly 

cordate at base. crenate-serrate, 5 -7-nerved at base, densely velutinous with minute 

stellate hairs on both surfaces; petioles 4 - 5 mm long, denscly stellate-hairs mixed 

with some simple hairs; Flowers axillary, solitary; pedicels 2 - l0 mm long, 

accrescent up to 2 cm, jointed towards apex. Calyx 5 - 9 mm across, campanulate. 

Somewhat accrescent: lobes triangular acute to acuminate, denscly tomentose with 

stellate and simple hairs. Corolla dark ycllow, 15 mm across; pelals obliquely 

obovate, Mericarps 8 - 10, apex of mericarp with a pair of awns with unequal length: 
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Plate 1 : Sida acuta 



Plate 2: Sida cordifolia 



Flowering and Fruiting : Throughout the year. 

Distribution : In dry waste places. 

Vernacular name: Arivalnanaippundu, Nilatutti, Paniyara tutti 

Organoleptic characters 

The macroscopic characters such as size, shape, margin, apex. surface. colour. 

odour, taste, nature, texture are studied for morphological investigation. Organoleptic 

characters of Sida acutu and Sida cordifolia are examined and presented in Table 1 

and 2. 

Microscopic characters 

The microscopic evaluation of transverse section of root, stem and leaf of Sida 

acuta and Sidu cordifolia are carried out. 

Sida acuta 

Root 

Transverse section of root is circular in outline. Bark is thin with cork 

consisting of 4 o 7 rows of thin walled tangentially elongated cells. Cortex is narrOW. 

Comprising of 3 to 4 layers. Calcium oxalate crystals and starch grains are frequent in 

cortical cells. Bast fibre is seen in tangential bands of 3 to 6 rows alternating with thin 

walled phloem elements. The vessels are larger in size and more in number. Xvlem 

parenchyma cells that surround the vessel contain starch grains. Medullary rays are 

uniseriate or biseriate with deposition of calcium oxalate crystals and starch. Pith is 

prominent. (Plate 3a) 
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Colour 

Shape 

Odour 

Texture 

Taste 

Apex 

Base 

Petiole 

Leaf arrangment 

Margin 

Venation 

Table I : Organoleptic character of Sida acuta 

Green,upper side darker than lower side 

Elongated 

Slight odour 

Slightly rough 

Bitter 

Acuta the apex 

Obtuse at the base 

Short 2 to 6 

Simple and alternate 

Toothed margin 

Reticulate venation 



Texure 

Tuste 

Base 

Petile 

leaf arrangement 

Margin 

Tabie 2: Organolptic character of Sida condifoia 

Venaton 

GCnsh rev n cokeur 

(ontate 

No anv speitic odour 

Felty 

Tasteless 

Subacute 

Obtuse at the base 

Hairy and shining brightly 

Simple. alternate. breadly ovate 

Dentate, serrate 

Reticulate 



Stem 

Transverse section of sem is oval in outline. Epidermis is made up of single 

layer of rectangular thin walled cells. The cortex consists of outer two laycred 

chlorenchyma and middle 3-4 layered collenchyma cells and inner 3-4 cells decp 

cotund to oval parenchyma cells, some of the parenchyna cells contain druses of 

caleium oxalate crystals, Pericyc lic fibres in groups occur as a ring, external to the 

phloem. Vascular bundles are closely arranged forming a continuous ring. Pith is 

made up of thin walled parenchyma cells, Mucilage cells are present in the cortex and 

pith. Most of the cells are filled with starch grains. Vascular bundles are closely 

arranged forming a continuous ring. Pith is made up of thin walled parenchyma cells, 

Mucilage cclls are present in the cortex and pith. (Plate 3b) 

Leaf 

A transverse section of the leaf of Sida acuta through the mid rib shows a 

dorsiventral structure. The epidermal cells have wavy walls and a straight cuticle. The 

epidermis possesses numerous unicellular non-glandular trichomes. The midrib is 

partly surrounded by an arc of pericyclic fibres, above and below which, is a 

considerable amount of collenchyma. The xylem fibres occur in an arc arrangement 

The cells are round and spirally arranged. The phloem also forns a continuous arc 

below the xylem fibres. The palisade cells are cylindrical in shape and present on the 

Hpper epidermis only. The spongy mesophyll shows thin walled iregular 

Parenchymatous cells. The transverse section of the leaf of Sida acuta through the 

amina shows a thin walled cuticle. cylindrical palisade cells and a spongy mesophyll 

with thin walled irregular parenchymatous cells. (Plate 3c) 
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Plate 3a:T.S. of root of Sida aCuta 

Plate 3b: T.S. of stem of Sida acuta 

Plate 3c: T.S. Leaf of Sida acuta 



Sida cordifolia 

Root 

elongated cells formed the cork. The outermost 2 layers were slightly ruptured and 

The iransverse section of root has 4-6 rows of thin walled tangentially 

Hobt brown in colour. Inner to the cork was the Phellogen consisting of a single layer 

of narrow, thin walled tangentially elongated cells. Cortex: The cortex is made up of 

3-4 group of parenchymatous cells. Vessels were many, occuring solitary or in 
scattered groups of2 to 4. (Plate 4a) 

Stem 

Transverse section of stem is circular in outline with stellate trichomes on 

epidermis followed by conspicuous zone of collenchyma, parenchyma, conducting 

elements and central pith. Epidermis is composed of oval to oblong, radially 

elongated, thin-walled cells covered by a thin cuticle. Trichomes are stellate or 

glandular. Epidermis followed by 1-2 layers of chlorenchyma followed by 4-6 layers 

of collenchyma consisting of round to oval cells. (Plate 4b) 

Leaf 

Transverse section of the leaf shows very thin cuticle with stellate and 

glandular trichomes on upper and lower epidemis. Stomata are anisocytic, Single 

ayered upper epidermis consists of oval to oblong cells followed by compactly 

anged, rectangular elongated palisade cells, spongy parenchyma oval to round, and 

loosely arranged. (Plate 4c) 
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Plate 4a:TS. of root of Sida cordifolia 

Plate 4b:T.S. of stem of Sida cordifolia 

Plate 4c: T.S. of leaf of Sida cordifolia 



Antibacterial activity 

Antimicrobial properties of medicinal plants are being incrcasingly reported 
from different parts of the World. The World Health Organization estimates that plant 

extracts or their active consitucnts are used as folk medicine in traditional therapies 

of 80% of the world's population (Shaik et al., 1994). In this study we analysed the 

antibacterial activity of cthanol and methanolic extracts of Sida aCuta and Sida 

cordifolia againstE. coli and B. subilis 

The methanol extract of Sida aucta showcd excellent zone of inhibition l0 

mm against Escherichia coli and 6 mm against Bacillus subtilis (Fig. l ). The cthanol 

extract of S. acutu showed a Zone of inhibition (7 mm) against Escherichia coli 

followed by B. subtilis. 4 mm (Plate 5 and 6). The antibacterial activity of Sida 

cordifoila (Methanolic extract) showed different results on E. coli and B. subtilis, but 

the maximum zone of inhibition was found on E. coli, that is 1l mm. (Fig. 2) on the 

Some bacteria the positive control Streptomycin gave 13 mm zone of inhibition. The 

Clhanol extract of S. cordifolia also showed zone of inhibition as mm and 7mim 

against E. coli and B. subtilis respectively (Plate 7 and 8). Among the two plants, 

. cordijolia extracts displayed potential activity against bacterial pathogens. 

Some of the extracts had a good potential for therapcutic uses against some 

Ogens, It appears that extracts with high antimicrobial activity against Gram 

negative bacteria do not necessarily have high activity against other Gram-negative 

bacteria compared to Gram-positive bacteria. This may mean that the activity is not 

related to the differences in cell wall structure. Because there is such a wide range of 

MICs for different strains of the same bacterial species (Elisha et al., 2017). 
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Mate 5: 

Plate 6: Antibacterial activity of Sida acuta 2g2int Barils saits 



Plate 7: , Antibacterial: activity of Sida cordifolia against Escherichia coli 

Plate 8: Antibacterial activity of Sida cordifolia against Bacillus subtilis 
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Fig, 1: Antibacterial activity of Sida acuta 
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Fig. 2 : Antibacterial activity of Sida cordifolia 



SUMMARY AND CONCLUSION 

(HAPTER-V 

the-sis entitled "Studies on macroscopic. mICroscopic and antibacternal 
activily of lwo species of Sida deals with a systematic cvaluat1on of macrocopiC, 
nicrOscopic and antibactenal aclivily of lcaves of Sida ucta and Sida cordifolia 

bclongs to family Malvaceac 

The present work is focused on the following aspects of the two sclected 

mcdicinal plants. 

Macroscopical and microscopical characters of Sidu acuta and Sidu 

cordifolia 

Antibacterial potential of Sida acua and Sidla cordifolia against 

Excherichia coli and Bucillus subtilis 

Plants are becoming potential source for phytoconstituents with varied 

pharmacological activities, Identification of such plants of potential use in medicine is 

OT Significance and as a prelude to this. it becomes necessary to examine the various 

pharmacognostical characters of the plant before further investigation. In 

Pnarmacognostical studies the organoleptic characters, macroscopic and microscopic 

Camed out. Morphological study had provided a characteristic identity of leaf of 

both taxa. 

ie various distinguishing features of two selected taxa observed through 

mopho anatomical study are 

Sida acuta differs from S. cordifolia by having leaves with acute tip 

ie stem is pubescent with simple stellate hairs. 
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In root the cortex is narrow, compris1ng of 3 to 4 layers in S. acula and 

S to 6 in S cordifolia. 

In S. acuta the vessels are larger in size and more in number. In 

cpovdifolia the vessels are smaller in size, lesser in number 

molecules. 

Among the two plants, S. cordifolia extracts displayed potential activity 
against bacterial pathogens. 

The pharmacognostic standardization of the present study can be used as a 

standard in future research work to identify the two species of Sida. Further 

ahtochemical analysis of these plants will be helpful for elucidation of lead 
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Collection of plants 

Corchorus tridens (leaf and bud) , Merremia 1ride111a1e (leaf, stem and fl ower), 

H_rbanthus enneaspermus (leaf), Gomphrena procumhens (leaf and fl ower), lndicofera 

riringtoria (leaf and stem) and Boerhaaria diffusa (leaf, stem and fl ower) were collected from 

Campus of St. Mary's college, Thoothukudi. They were washed, dried and powdered. They 

were dissolved in ( l 00 ml) of distilled water and ethanol and the extracts formed were 

fil tered through a muslin cloth. Then they filtrate in further experiments . 

Biosynthesis of silver nanoparticles 

For all ex periments, the source of silver wiJJ be silver nitrate (AgNo3) in di stilled 

water. Typica l reaction mjxtures contained l ml of pl ant extract of aqueous and ethano l in 9 

ml of 'i i Iver nitrate so luti on ( I mM). 

Characterization of silver nanoparticles 

l ·, - Visible spectroscopy analysis 

The hioreduct ion o f ~il ver ion in so lution was monitored using UV-spectrometer in 

HJIJ-();;;( 1 n11 1 length range . It wa~ observed that upon addition of the plant ex tracts into the 

le-., tuht LOlltJin in g the a4ueou -., ~i lver nitrate 1,o lution. the co lor of the medium changed to 

·' ~11 '1111111 .2 n11 nute" Thi-. indicated the rormati nn o f ~ilver nanop:.irti c les . 



RESULTS AND DISCUSSION 
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Re -.t•.irch t,..1.-.eJ nn ..11.h anceJ n .. momatenab of nob le metal :-. like si lver ha~ conquered 

I niere -.. t .inwn!! , c1en11-,t" during the pa-.t decade\ for it~ ph ) 1.,iochemical propertie.., 

Int tl 1 ---

1/e di -.tnbu110n .lild morpholo!ly. they have been studied fo r catalvtic acti\ it:. 

,uch J '- ' • 
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., 

ptical pwpert1e-.. electronic propenie:-.. antibacterial propertie:-, and magnetic propertie" 

St,ng 120091. Somo-. I .201 2 l. Degaetano ( 2005 ). Carbtree (2003 ). Krolikowska (2003 J) and 

1
, appltcation in \ .mou, field -..uch .L\ biomaterial producti on. bioc hemistry, medical and 

armacc:utic pr0duch . 1oothpd1.,te-,. optical receptor:-, . bio-;ensing. etc . (Awwad (20 13). 

Benenee (201-1 1 '\ ,n..1l.1d1an (2007). RJj~ekharredd y (20 10)) Chemical. phys ical. and 

bmlog1cal mctlio<l, h.nc heen de,eloped to ")nthe" i1.. nanoparticles but chemical and ph y:-, ic aJ 

method, dfe '"'"hcd in 1he pro<luct1on o f tox 1c h) product', which are hazardom moreove r 

hemethl<l, .i1c \l'f\ cxpcn-.1,e (Phan1nm 12015 ). Vinod (20 1 I JJ. To "ynthe<., i~ "table metal 

llilrH p1.1nicll, \.\tl l1 uH1 l1 ollcJ -.11e .1nJ -.h..1 r e. the,c ha" hcc n \Carc h ror inex pen~ive. <.;afe. and 

hi1hlc Jnd !!rccn" ,1pp111.1Lh The nmc l mcthmh ..,o ca ll cu grccn/hi o\ynthe..,j1., have heen 

Ill Ii.: l ptd h, 1 \,1flt'I) o l pl.int ext ract \ Ulh u1., Or 111111111 Sr11 w11 1111 (S1nghul l ' l ul . 
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1
' 1111 ,md 1111u,, length -.,L,tleJ inorganic m,ttcn«I.., \.vh tch lw \c umt rihut r d 111 tile 

1 

rt I t11\l:l\ flt'V. ,md l .. 11 gch unexr lorcu a rCJ o l 11.!',C, ll l' h h<1-.cd ( )11 lilt · 

I I 1 11 1o1r1.ite11,1l, \\111liL ,..., Ll'-1ll):! 1)11> (lq.!a n1 .., rn -, '" L1>1n11c1t1hk v. 1t l1 ti ll' 

r I I I It ( ll tL II \ 11tlll ... ,... ,I 11.tfllljl(II I ll IL- '-> IJIJ.h l'\ lJ',l' 1 d l'II\ IJ( lllllll l ll,d 

II I It It I 1t Ill '\,11111pi11 I I\ ll \Jll lll 1/Ltl ll ', JI) ~ li111' ll!.!h ,I II I l1111q111 

t j t l 11 tllHl "1111 'It' Ill I 1.1hiltl\ dll I 'l'Pl' 'I' ' tit !1111t I I I 

Ill lfll I(: f P" t d111 l 'I Ill I" I It I I 



p1a1e I 

(a) 

-
rhJ 

101 Aqueou1, ex tract (bl Ethanol extract 

Photograph of synthesized AgN Ps using Boerhaavia diffusa leaf , stem and flower 

extract'i 
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plate 2 

u1 -\4ueou~ ex tract (b) Ethanol extract 

Photograph of synthesized AgNPs using Corchorus tridens leaf and bud extracts 
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plate 4 

Photograph of synthesized AgNPs using aqueous and ethanol Hybantlrns enneasperm w, 

leaf ex tracts 
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p1ate 6 

1 a/ Aqueous extracts 

!<./ Ethanol ex tract) 

Photograph of synthesized AgNPs using Merremia tride11tata leaf , stem and flower 
~xtract\ 



ii clc'- synthesis as they arL' free 1·· . 
11 i1111 1rlll' ' lnlll IOX 1c c hc 111i c :1b a~ wd l a!-> C(lll l,1111 na1u rn l 

PC llt'- Sinuh ('/, "'· (?O I I) A . 
L°i 1rpi 11 f! at- · e- · - · mun g vmmu~ plants. we ha ve clH1,c11 !ltll'rlu1 11 r iu 

.
11
. 1.11 Con -/wms tridc11s. Gomphrena t>mc,,,,,I, , . 1. I 

tfi . //, · <11.,, Hyha111/111s t111n1 ·t1 .1·tH'rll111 ,, . J,n 1go 1·1t1 
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UV-vis spectroscopy monitors the absorption in the ultraviolet -visib le spectral re gion 

and is commonly used to characterize plasmonic properties of synthesized nanoparticle~. 

siudies have demonSlrated that AgNPs absorb the spectrum in the visible region or .iroun<l 

.!00 nm due lo the excitation of the localized surface Plasmon resonance (Bastus (201-+). 

Gomezgrana (2013, Chan (2013), Dhand (2016). Since this property is highl y affected by 

nanoparticle size and the surrounding media. it is aJ so poss ible that AgNPs have the Plasmon 

band of around 500 nm or slightly higher (Zong et. al.,(2014)). Several researchers have 

evaluated the correlation between the UV-vis spectrum and nanoparticle properties. For 

in~tance, uniform spherical AgNPs can be associated with a single peak in the UV-vi~ 

\pectrum while AgNPs in the irregular shapes have two or more peaks depending on their 

~ymmetry (S hervan i et. a/.,(2007)). ln addition, increase in nanopi.u-ticles size can be 

iden tified by their maximum absorbance located al the higher wavelength range (Link et . 

a/ .. 11999). Moreover, increasing the absorbance spectra indicates a higher production or 

AgNP" rTan et. u/.,(2013 ). Pl ate J to 6 shows the UV-vis spectra or AgNPs synthesized 

u,ing current ly plant extracts. It has been found that AgNPs sy nthesized usi ng aque11u~ 

cxtraLh ()r Boerhaa1·ia diffi,sa leaf, Corchorus tridens leaf and bud. Go111rlin'nu 

/> 1111 tl///lw111 ll1m er. /ndiw fera /innaei stem and Merre111io rridenwre nower have single 

111axin1u 111 reah-, d i -4.')() _ -. uggec.., ting thal they are spherical in shapes. On the nther hand . lilerc 

Hl 1h L' nlL 11 1 u Liear maximum peah I'm AgN Pc.., -. ynthec.., ized usin g B,ierlw(/\'ill tlitfi1 .111 -; tc111 

11 I j 1 • / 
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arY and conclusion 
5t1f11J1l 

The salient findings of the present stud . 
Yon green i;ynthes1~ of AgN P, u',ing -,tx 

d collected from St. Mary' s College (A 
wee 5 

utonomous), Thoothukudi ~ 1. . Boerhaa , ia 

:ff. 0 Corchorus tridens, Gomphrena proc b 
du.1U5 ' 

um ens, Hyhanthus e11neaspem1L1 <; , lndigujera 

. · Merremia tridentata . The intens · f 
. 

t,,znaei, ive use o the plant extracts of weed~ i~ due to their 

al biomolecule such as protein terpen ·d d fl · · 
intern ' 01 s an avon01ds, which offer potential as a 

bioreductant to reduce metal ions to form AgNPs. The weeds synthesized A~Ps 

charac terized by Uv-vis spectroscopical analysis and Ag elemental composition and ability of 

plant biomolecules to act as reducing, capping and stabilizing agent of AgNPs were 

compared to identify the most desirable plant sources. Accordingly the aqueous extract of 

Boerhaavia diffusa leaf, Corchorus tridens leaf and bud, Gomphrena procumbens fl ower. 

Jndigofera linnaei stem and Merremia tridentata flower have single maximum peaks at 450 

was rated as mos t desirable pl ants for the green synthesis of AgNPs compared to other plant 

extracts. The spherical nanopa11icJe , it is found that AgNPs synthesized using methanol 

ex tract of Merremia tridentata leaf had the maximum absorbance located at the lower 

\~a\ elength range 350 nm. 

Further -, tudies need to be carried out in order to validate the effects o f physio-

--hen11·c'.•l NP uc. 1·0 g the presently studied plant extract '.; . ln 

u parameterc;, to c;.,ynthe~ize Ag s ~ 

add11 ll in. the . . cytmox1c1t y inve~tigat ions are also crucial for furt her antibacterial 

f 

JI tlletllat1on rn the future work . 
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INdR,ODUCÍION 

Mushrooms are he fruiting bodies of a variety species of fungi belonging to the 

class of Basidiomvcetes or Ascomy cetes. They are the natural scavengers usually 

grows on wet. moist surtaces such as lawns, dead tree trunks, fences and wooded areas. 

Worldw ide approximately about 1.5 million varieties of mushrooms are identified. Of 

which 5.000 species are edible (Ramanathan e al., 2013). In India mushrooms like 

.Igaricus bisporous (w hite buttom mushroom), Calocvbe indica (milky mushroom), 

lohariellu spp. (paddy straw mushroom) and Pleurotus spp. (Oyster mushroom or 

dhingri) are cultivatable. Among that Plewotus spp. (oyster mushroom) is the second 

largest commercially produced and edible mushroom in the world market due to its 

excellent flavor and taste. (Kang. 2004). 

Mushrooms are rich with proteins, fat, sugars, mycocellulose, minerals like 

potassium. phosphorus, calcium, sodium and also rich in vitamins such as niacin, 

riboflavin. vitamin D. C. BI, B5 and B6. (Stanley, 2011; Ahmed et al., 2009). 

Mushrooms also synthesize a variety of secondary metabolites that possess anti-tumoral, 

antiviral, anti- inflammatory (Carvalho er al., 2007), antibacterial, antifungal (Owaid et 

al., 2015a) and anti-yeast activities (Owaid et al., 2015b). 

Cultivation of edible mushrooms has being increasingly practice. Oyster 

mushrooms are the broad ly cultivated variety because of its low cost of production and 

grow within a temperature range from 15-25°C and also Pleurotus spp. grown on a wide 

range of lignocellulosic residues such as paddy straw, wheatstraw, cotton wastes. 

sugarcane bagasse, banana leaf. sugar cane leaves, saw dust, maize stover, sorghum 
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stalks and leaves ete. (Beetz and Kustida. 2004: Lourdes et al., 2008: Mathews et al. 

1996: Sangw an and Saini, 1995). 

A huge mass of lingo-cellulosic agro industrial wastes which are rich in organic 

compounds deposited daily in the soils. Around 200 billion tons per year of organic 

wastes were produced in our planet (Zhang. 2008). Among various bioconversion 

processes of agro0-industrial wastes, mushroom cultivation is an appropriate technology 

(Dundar et al. 2009). It is also helpful to overcome problems related to nutritional 

deficiency among low and middle income countries (Imtiaj el al., 2008). Hence. 

now adays, mushroom cultivation techno logy is being increasingly practice by farmers in 

and around world. The selected substrates for our study include paddy straw, banana leaf 

and sugarcane bagasse are readily available and are the rich sources of lignin and 

cellulose. Taking in to account the bioconversion of agro-industrial wastes, the present 

work was aimed to evaluate the effect of different substrates on growth, productivity and 

nutrient analysis of Pleurotus spp. 
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Beview of Literature 

Soniva el.ul.. 2013 studied the cultivation of on different substrates such as 

rice straw, rice stravw t wheat straw, rice strawt paper, sugarcane bagasse and 

sawdust. The results shows that among all aspects., rice straw (control) was found as a 

best substrate with yield (381.85 gm) and BE (95.46%) %) tollowed by rice plus 

wheat straw. rice straw plus paper waste for the production of mushroom. 

Mondal. et al.. 2010 analysed the growth and yield performance of oy ster 

mushroom (Pleurotus florida) on ditterent substrates. Highest mycelium running rate 
was found in banana leaves and rice straw (1:1) but the lowest in control. Complet ion 

of mycelium running time was lowest in banana leaves and rice straw (I:3 and 3:1). 

Senthilraja. K.. 2014 studied the cultivat ion of mushroom in Pleurotus euos on 

paddy straw. The pressmud fibre mixed with the paddy straw at I:3 ratio recorded 

relatively highly yield of oyster mushroom Pleurotus euos (apki) when compared to 

there treatment. 

Momiro and Mamiro, 201 l studied the yield and mushroom size of Pleurotus 

ostreatus grow on rice straw basal substrate mixed and supplemented various crop 

residues. Yields ranged as low as 50g from rice bran to as high as I040g trom 

substrate mixture of 50% banana leaves and 50% rice straw. 

Oyster mushroom is consumed all over the world due to its taste. flavour, high 

nutritional Value and some medicinal propeneies. Many species of this genus are rich 

in proteins with essential amino acids, polysaccharides, essential amino acidacid, 

dietary fibers, important minerals and some vitamins.Because of these nutritional 

Composit ion and presence of bioactive mo lecules oyster mushromm have been 

reporled to have anticancer, antihypertensive, anti diabetie and antioxidant.T'he high 



nutritional value and potent medicinal uses suggests that pleurotus mushrooms are 

important functional foods or nutraceuticals (Savita and Anjana,2017). 

Mushrooms have been used as food supplement from time immemorial 

not only for their flavor . aroma and nutritive values , and but also for their 

medicinal properties. In the present day world they are known for culinary 

values due to their high -quality proteins , vitamins , fibers and many medicinal 

properties . The chemical nature of the bioactive compounds present in the 

mushroom includes : polysaccharides lipopolysaccharides . proteins. peptides 

glycoprotein , nucleoside . lectins ,lipid and their derivatives. Mushrooms are used 

in folk medicine throughout the world since ancient times as the ultimate 

health food. (Yashvant et.al, 2012) 

Anita, 2010 evaluate the yield performance of paddy straw mushrooms 

(Volvariella spp.) on various lignocellulosic wastes. Two species namely Volvariella 

volvaceae and Volvariella diplasia were experimentally evaluated on untreated 

organic wastes including rice bran. wheat bran, rice straw, sawdust. banana leaf and 

sugarcane baggage supplemented with wheat. The highest yield of V. volvaceae 

(1360g) and V. diplasia was obtained from wheat grain with rice bran. 

Ritika and Ishita, 2017 studied the cultivat ion of mushroom in agricultural 

wastes such as rice straw, wheat straw, cotton straw, tea leave and banana leaves. 

Banana stalk and bahia grass possess a biological etticiency of 74,4% and 74.12% 
respectively but there is a low yield when they are supplemented with other 

components. 

Randive, 2012 analysed the cultivat ion of oyster mushroom on paddy straw 

and wheat straw. The paddy straw and wheat straw gives very high yield as well as 
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the nutriional contain like carbohydrate, protein ash. calcium. magnesium. crude 

fibers and lipid were checked. 

Patil. 2012 analysed the cultivat ion of mushroom (pleurotus sajor-caju) on 

soybeans straw. paddy straw, wheat straw, groundnut straw. sunflower stalk and 

pigeon pea stalk. Maximum fat and ash content of pleurotus was recorded on 

groundnut straw. 

Belewu and belewn, 2005 studied the cultivation of mushroom (volvariella 

volvacea) on banana leaves. The result shows that full colonization of the substrale 

was observed in l5 day and the told weight the fruits was 2.5 kg. 

Silva et al., 2007 stuided the cultivation of Pleurotus sajor-cuju on banana 

stalk and bahia grass based. Substrates the various treatment conditions showed 

colonization times that varied from 24 to 35 day the banana stalks and bahia grass 

were both more efficient in the production of the mushroom Pleurotus sujur-caju 

when utilized without the addition of other substrates with biological efficiencies of 

74.41% and 74.12% respectively. 

Vanathi et al.. 2016 studied cultivation of mushroom on three different 

substrates like paddy straw. sugarcane trash, and sorghum stem. Among the three 

substrates paddy straw was gave highest yield 83.4% of biological efficiency 

compared with sorghum stem 50.3% and sugarcane trash 44.7%. The biochemical 

analvsis confirms that the protein. carbohydrates. lipids and amino acids in Pleurolus 

tloridu 

Dlamini et al.. 2012 evaluated the gowth and yield of Pleurotus ostreatus 

using tour repiicate bags of sugarcane lops. maLZE stover. maize stover and cobs and 

banana eaves as subsirates. Ihe highest ield was oblained from maize stover and 

cobs folkowed in decreasing order by banana leaves. sugarcane tops and lastly maize 



stover gave the least yield. The maize stover and cobs substrate gave the highest yield 

which was 221.7. 189.2 and 107.9g in the first. second and third flashes, respcctively. 

Hossain, 2017, studied the etfect of diferent substrates such as paddy straw. 

wheat straw, banana leaves, sugarcane bagasse. sugarcane leaves, new spapers and 

maize stalks and leaves on spawn running time. primordial initiat ion time. truting 

body formal ion time. yield performance and biological eficiency of oyster mushroom 

(Pleurotus sajorcuju). Lowest time required for spawn running. primordial initiation 

and fruiting body formation was recorded in sugarcane bagasse follOwed by 

newspapers, paddy straw, banana lcaves and wheat straw. Amongst the substrates, 

paddy straw showed highest yield and biological etticiency followed by banana 

leaves, wheat straw. sugarcane bagasse, newspapers and sugarcane leaves. Least yicld 

of mushroom was obtained in maize stalks and leaves. 

Edet et al. 2016 studied the phytochemical screening of ethanolic and 

aqueous extracts showed the presence of secondary metabo lites such as alkaloid. 

glycosides, saponin. tannin, flavono id, reducing compound. poly phenol, but not 

phlobatannin, anthraquinone and hydroxymethyl anthraquninone. 

Mago et al., 2014 studied the commercial production of P. sujorcaju and 

Plorida using different substrates such as paddy straw, leaf litter and saw dust. The 
highest yield as well as number of sporophores of was achieved paddy straw followed 

by paddy straw + leaf litter and paddy straw + sawdust. Biological efticiency of P. 

sajor-caju was recorded to be 82.84% on paddy straw, 61.06% on leaf litter and 

55.26% on sawdust containing substrate P. florida gave bioefficiency of 75.7%. 

73.56% and Sl.42% on paddy straw, leaf litter and sawdust containing substrates 

respectively. 
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Mushrooms have been used as food supplement from time imueorial 

not only for their tlavor. aroma and nutritive values, and but also tor their 

medicinal properties . In the present day world thev are knoWn for culinary 

values due to the ir high -quality proteins, vitamins . fibers and many edkc Inal 

in the 
properties. The chemical nature of the bioactive compounds present 

peptides mushroom includes : poly saccharides lipopoly saccharides . proteins 

glycoprotein . nucleoside . lectins .lipid and the ir derivatives. Mushrooms are used 

in folk medicine throughout the world since ancient times as the ultimate 

The phytochemical screening of difterent extracts of Pleurotus tlorida revealed 

the presence of different secondary metabolites. Pleurotus tlorida truiting bodies were 

found to contain carbohydrates, alkaloids. gly cosides. tlavonoids. tannins. saponins 

and steroids (Nirmala, 2014). 

Mushrooms constitude an integral part of the normal human diet and in 

recent times , the amounts of consumption have been raised greatly , which 

include variety of species. The oyster mushroom is popularly consumed by all 

over the world due to their taste . flavor . high nutrit ional value and medicinal 

properties Because of the presence of numerous nutritional composition and 

various active ingredients in oyster mushroom have been reported to have 

health and antiviral activities 
antidiabetic antibacterial, antioxidant , eye 

(Krishnamoorthy .2014). 

The use of mushrooms as food is probably as old as civilization and 

mushrooms currently have greater importance in the diet of mankind. Mushrooms 

contain reasonable amounts of proteins, carbohydrates, minerals, vitamins and fiber. 
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MAtERIALS AND METHODS 



Collection of substrates (Plate l) 

The ditterent substrates like, paddy straw, banana leat and sugarcane bagasse 

were collected trom padd field, banana cultivars and sugarcane juice vendors 

respectively. The selected substrates were dried under sunlight and stored in bags lor 

further experiments. 

Materials and methods 

Spawn 

Spawn of Pleurotus spp. prepared on Sorghum grains were collected from 

(MSM Mushroom Corner. Mushroom cultivation training and seeds sale. Tirunelveli). 

Substrate preparation (Plate 1) 

The selected substrates (paddy straw, banana leaf and sugarcane bagasse) were 

grouped into six treatments of 500g each. The treatments include paddy straw (TI), 

banana leaf (T2). sugarcane bagasse (T3), 1:l mixture of paddy straw + banana leaf (T4), 

1:] mixture of banana leaf + sugar cane bagasse (T5) and 1:l mixture of' paddy straw + 

sugarcane bagasse (T6). 

Construction of beds and spawning (Vanathi et al., 2016) (Plate l) 

Ireatments were soaked individually for 24 hrs and sterilized at 121°C or 20- 30 

minutes. The sterilized substrates were allowed to cool and filled in polypropylene bags 

with alternative rows of substrate and spawn. Holes were made on the bags using 

stainless steel needle or knife for aeration. Then the bags were hanged with ropes inside 

the spawn running room. Inside the room, temperature range of 24C 29°C and relative 

humidity of 60 90% was maintained by spray ing water on the sides and floor of spawn 



Plate 1: (ollection of substrates, substrate preparation, construction of beds and 
spawning of Pleurotus spp. 



running room 2 -3 times per day. To avod errors cach treatment has been carried out in 

three times and the resuts are presented in mean values. 

Harvesting 

After the formation of mature fruiting bodies the pileus edges started to fold and 

the mushrooms were ready for harvesting. Usually it was done in the morning and stored 

for further use. 

Data collection 

The mushroom bags were frequently observed from its packing to harvesting to 

record different parameters such as number of days for starting and completion of spawn 

running. time required for pinhead initiation, number of primordia, number of effective 

fruiting bodies, mushroom pileus d iameter (cm) and mushroom stipe length (cm). 

Mushroom yield (g) (Dlamini et al., 2012), biological efficiency (%). production rate (%) 

and organic mass loss (%) (Carvalho et al., 2012) were calculated by using the following 

formula: 

Biological efficiency 

Organic mass loss = 

Sample preparation 

Fresh weight of mushroom 

Dry weight of substrate 
--- X ]00 

Initial substrate dry mass - residual 

Initial substrate dry mass 

10 

x 100 

The collected mushrooms from various treatments was cut into slices and shade 

dried. Then the dried samples were powdered in a mixer grinder and sieved to get 

uniform particles. The sample powder was stored for further use. 



Extract preparation 

The powder was steeped in water, methanol and chloro form (5gm100ml) in a 

closed flask for twenty hours separately, shaking them frequently during six hours and 
allow ed to stand at room temperature. The clear supernatant of the each extract was 

decanted and used to determine the phytochemical constituents. 
Biochemical anaBysis of mushroom (Harborne, 1998) 

Test for Alkaloids 

Mayor's test: 

Dissolved filtrate l ml treated with Mayors reagent (Potassium mercuric iodide). 
Formation of a yellow coloured precipitate indicatedthe presence of alkaloids. (Mercuric 
chloride t few drops of lodine solution) 

Test for Terpenoids 

Crude extract 2 ml was dissolved in 2 ml of chloroform and evaporated to 

dryness. To this 2 ml of Con H,SO, was added and heated for about 2min. A grayish 

colour indicated the presence of terpenoids. 

Test for Phenol and Tannin 

Crude extract was mixed with 2 ml of 2% solution of FeCl3. A blue green (or) 

black co lorization indicated the presence of phenol and tannin. 

Test for sugar 

The little amount of substance mixed with equal volume of Fehling's A and B 

solution heated in water bath. Formation of red colour indicated the presence of suyar. 



Test for Saponins (Froth test) 

To 3 ml of extract were diluted with 2 m of distilled water and this test tube was 
shaken in a graduated cylinder for 15 minutes. Formation of l cm layer of foam indicated 
the presence of saponin. 
Test for Quinines 

To the 1% test substance 2% sodium hydroxide was added. Blue green (or) red 
colour indicated the presence of quinines. 
Test for Protein 

The 4% extract were treated with few drop of concentrated nitric acid. Formation 
of yellow colour indicated the presence of protein. 
Test for Sterols 

The 3 ml of crude extract was mixed with 2 ml of chloroform and con H2SO4 was 

added sidew ise. A red colour is produced in the lower chloroform layer indicated the 

presence of stero ids. 

Moisture content (Randive, 2012) 

Moisture was determined by drying the fresh mushrooms at 80°C to a constant 

weight in an oven. Moisture content was determined by following formula 

Moisture content 
Initial weight - final weight 

Initial weight of sample 

12 

x 100 



Nutrient analysis 

Estination of carbohy drates (Hedge and Hofreiter, 1962) 

Principle 

Carobohy drate is tirst hydrolysed into sinple sugars using dilute hydrochloric 

acid. In hot acidic medium glucose is dehvdrated lo hrdroONymethyl furfural.This 

compound forms with anthrone a green coloured product with absorption maximum at 

630 nm. 

Reagents: 

A. 2.5 N HCI 

B. Anthrone reagent: 0.2% anthrone was dissolved in ice cold concentrated 

Procedure 

sulphuric acid. Prepared fresh before use. 

Weighed l00mg of the sample into a boiling tube. hydrolysed by keeping it in a 
boiling water bath for three hours with 5 ml of 2.5N HCl and cooled to room temperature. 

Neutralised it with soild sodium carbonate until the effervescence ceas and take 0.2 to 

I.Oml for analysiS. Then added 4 ml of anthrone reagent, heated for eight minutes in a 

botling water bath, colled rapidly and read the green to dark green colour at 630 nm. 

Estimation of total soluble protein (Lowry et al., 1951) 

Reagents 

10% trichloroacetic acid (TCA). 

0 2N sodium hydrox ide 

Alkaline copper reagent: 

Solution A: 2% sodium carbonate in 0,. IN sodium hy droxide 

3 



Solution B: 2% sodium potassium lartarate 

SolutionC:0.5% copper sulphate 
To prepare 100 ml alkal1ne copper reagent. 98 ml of solution A. Iml of solution B and I 

ml of solution C were mixed together freshly. 

Folin - Ciocalteau reagent 

Commercial reagent was prepared freshly in the ratio of 1:l with 

Principle 

distilled water. 

Extraction and estimation of protein: 

One gram of plant tissue was weighed and ground it with 10 ml of distilled water. 

The plant extract was filtered through a filter paper. To the filtrate, 10 ml of cold 5% 

TCA (trichloro acetic acid) was added to precipitate protein. It was centrifuged and the 

pellet was collected that contains protein. The pellet was dissolved in 10 ml of 0.1N 

NaOH. To l ml of this protein extract, 5 ml of alkaline copper reagent and 0.5 ml of 

Folin Ciocalteau reagent were added. The absorbance was measured using red filter 

(650nm). The absorbance extrapolated in the standard graph and the amount of protein 

present in I gm ofplant tissue was calculated. 

Estimation of free Amino acids (Jayaraman, 1981) 

The ninhydrin is powerful oxidizing agent. AIl amino acids in the presence of 

ninhydrin get decorboxylated and deaminated resulting in ammonia, carbondioxide, the 

corresponding aldehyde, and a reduced form of ninhydrin. The liberated ammonia then 

reacts which an additional mole of ninhydrin and the reduced ninhydrin to yield a purple 

substance. which has absorption maxima at 570nm. 
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Reagents 

A. Standard amino acid solution Disso lved 10 mg of aspartic acid in small volume 
of (0.I N) HCl and make up with distilled water to the 100 ml mark in the standard flask. 

B. Ethanol (80o) 

C. Ethanol (50%) 

D. Ninhydrin reagent 

Prepared by dissolving 2g of ninhydrin in 25 ml of acetone. To this 25 ml 

of 0.2 M acetone buffer (pH 5.5) was added and stored in a brown bottle. 

Procedure 

10 ml of samples was homogenized with 80 percent ethanol in a pestle and 

mortar. The homogenate was centrifuged at 5000 rpm. The clear supernatant was made 

upto a known volume. From this I ml was pipetted out in to a test tube and diluted to 4ml 

with distilled water. To this, 1 ml of ninhydrin reagent was added and kept in boiling 

water bath for 15 minutes. The test tubes were then cooled and I ml of 50 percent ethanol 

was added. The purple colour developed was measured in spectronic 20 at 540nm. 

Determination of total lipid (Folch et al., 1957) 

To 500 mg of dried algal powder taken in a screw capped test tube, 10 ml of 2:1 

CHCI3: CH3OH solvent mixture was added. The tube was loosely capped and heated in a 

water bath at 60°C for 30 min. After cooling the solution, the volume was made up to 10 

ml with the solvent mixture. 0.4 ml of the extract was pipetted in a separate test tube. 

allowed to dry completely and digested with 0.4 ml of cone. H2S0, by boiling in a water 

bath for 10 min. After cooling the tube, 5 ml of phosphovanillin reagent was added and 

allowed to stand for 30 min for colour development. The absorbance was then measured 

15 



at 520 nm against a reagent blank using UV-Visible spectrophotometer. Cholesterol was 

used as standard. 



RESOLÍ AND DISCUSSION 



Spawn running, and pin head formation: 

Result and Discussion 

lhe average number of days taken tor spawn running was signiticantly dillerent amonp 

lerent treatment. Tme rqured for completion of spawn running and pin head initialion is 

eled in Table 1. Lowest time required tor completion of spawn running wis observed in 

1} and To (12 days) followed by Tl, T4. TS (13 days) respectively. Our results are in 
accordance with the tindings of Tan (1981) who reported that Pleurotus ostreutus took 7 to 21 

davs for complete spawn running. Bhatti et al.. 1987 stated that the number of days to complete 

Spawn running on different substrates might be due to variation in C: N ratio. Mondal et al., 

2010) also supported the results. who found that the presence of right proportion of alpha 

cellulose. hemi-cellulose and lignin is responsible for higher mycelium running rate in banana 

eaves and rice straw. 

Similar to mycelial colonization, pin head formation was significantly different among 

karious treatments. The first pin head was recorded in T1, T2 and T6 (14 days) after spawn 

noculation. The maximum duration of pin head appearance was observed in T5, T4 (15 days) 

and T3 (19). The results were indicated in Table 1. According to the report of Fridaus et al., 

2015 the number of days for the emergence of pin head and fruiting bodies after spawn running 

Fere about 3 - 4 days and 6 -7 days respectively. Ruhl et al., 2008 also reported 4 days for pin 

ead appearance after spawn running. 

Number of pin head, primordia and effective fruiting bodies (Plate 2a and 2b): 

Table 2 showed the number of pin head, primordia and fruiting bodies formed during 

different trealments. The results showed that the highest nunmber of pin head (202), primordia 

17 



Table 1: Effect of different treatments on spawn running and pin head fornation of 

PleurotuS Spp. 

*Mean 

T1: Paddy straw 

S. No. Treatments 

3. 

4 

6. 

T3: Sugarcane Bagasse 

TI 

T2 

T3 

T4 

TS 

T6 

T5: Banana leaf+ Sugarcane bagasse 

Spawn running 
(Day) 

13 

12 

12 

13 

13 

12 

Pin head 

formation (Day) 

T2: Banana leaf 

14 

14 

19 

15 

15 

14 

T4: Paddy straw + Banana leaf 
T6: Paddy straw + Sugarcane bagasse 



rohle 2: Effect of different treatments on number of pin head, primordia and number 
of effective fruiting bodies of Pleurotus spp. 

*Mean 

S. No. Treatments 

2 

3. 

4. 

6 

T1: Paddy straw 

TI 

T2 

T3 

T4 

T5 

T6 

T3: Sugarcane Bagasse 

Number 
of pinhead 

132 

155 

202 

172 

125 

|14 

I5: Banana leaf + Sugarcane bagasse 

Number 
of primordia 

70 

123 

95 

162 

109 

49 

T2: Banana leaf 

Number of 
effective 

fruiting bodies 

60 

48 

12 

136 

35 

22 

T4: Paddy straw + Banana leaf 
T6: Paddy straw + Sugarcane bagasse 



Table 3: Comparison of grow th performance of Pleurotus spp. on different treatments 

S. No. Treatments 

2. 

3. 

4. 

5 

6 

*Mean 

TI 

T2 

T3 

T4 

T5 

T6 

T1: Paddy straw 
T3: Sugarcane Bagasse 

Mushroom Mushroom 
pileus diameter (cm) stipe length (cm) 

8.3 

7.5 

8.3 

8 

5.5 

15: Banana leaf + Sugarcane bagasse 

2.9 

2.5 

3.8 

4 

2 

2 

T2: Banana leaf 

Mushroom yield 
(g) 

229.3 

252.67 

T4: Paddy straw + Banana leaf 

68.3 

462 

199 

208 

T6: Paddy straw + Sugarcane bagasse 



Plate 2a: Different stages of Pleuroius spp. urown in various trcatments 

T2 

T3 

T1: Paddy straw 
T3: Sugarcane Bagasse 
T5: Banana leaf + Sugarcane bagasse 

T2: Banana leaf 

T4: Paddy straw + Banana leaf 
T6: Paddy straw+ Sugarcane bagasse 



Pate 2b: Dilterent stages of Pleurotus pp. orow n in various treatments 

T5 

T6 

T1: Paddy straw 
T3: Sugarcane Bagasse 
T5: Banana leaf + Sugarcane bagasse 

T2: Banana leaf 

T4: Paddy straw+ Banana leaf 
T6: Paddy straw + Sugarcane bagasse 

T6 



(162) and fruiting bodies ( 136) were found in T3 and T4 whereas the lowest number of pin head 
and I primordia were observed in T6(114 and 149) and fruiting bodies were noted in T3 (12). 
Mushroom pileus diameter and stipe length 

The stipe length and pileus diameter of the mushroom depend on the environmental 
nditions (Sánchez. 2004) and the moisture holding capacity (Chukwurah et al.2013) of the 
ohstrates. However. mushrooms with relatively bigger pileus and wider stipes are the 
marketable quality. Pileus diameter and stipe length of harvested mushroom among various 
Ireatments were measured with ruler and results are indicated in Table 3. Mushroom pileus 
diameter ranged from 11 to 5.5 cm. Similarly, stipe length of mushrooms from different 
treatments was ranged in 4 to 2 cm. The mushroom harvested from banana leaf combined with 
paddy straw (T4) showed a significantly increased pileus diameter (11 cm) and stipe length 
(4 cm). 

Mushroom Yield: 

Banana leaf with paddy straw treatment had great effect on mushroom yield. The highest 
DiO l0gical yield (462g on fresh weight) was found in T4 which was followed by T2 (252.67g), 

(229.3g), T6 (208g). T5 (199g) and T6 (68.3g) which was indicated in Table 3. Similar 
Suts were also recorded by Mondal et al.. 2010. The results suggested that the maximum 

Dumber and yield of mushroom was recorded on the substrate paddy straw combined with 
ia leat. Mijan Hossain. 2017 found that the highest number of fruiting bodies was harvested 

irom paddy straw substrate followed by banana leaf. wheat straw and sugarcane bagasse. Haque 
(2004) and Al Amin (2004) also supported the same result. 
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Biological efficiency 

Biological efliciency (BE). which represents conversion percentage of the substrate into 

ungal biomass (mushrooms) and are presented in figure la. Banana leaf combined with paddy 

raw (T4) showed highest percentage of biological efficiency (92.4%), whereas other treatments 

Showed relatively least percentage (T2: 50.53%, T1: 45.86, T6: 41.6. T5: 39.8 and T3: 13.66) of 

iological efliciency. Adenipekum and Omolaso, 2015 stated that the substrate which possesses 

highest yield shows a maximum percentage of biological efficiency. 

Organic mass loss 

The organic matter loss (OML) was also evaluated, which represents the decomposition 

of the substrate by the fungus, determined by the formula. The organic mass loss (OML) 

represents the decomposition of the substrate by the fungus. The organic mass loss for our study 

was expressed in figure lb. The result showed that organic mass loss was higher in T4 (38.5) 

and minimum in T3 (14.6). Zadrazil et al., 1978 reported that OML is due to removal of 

CO; and H;0 from substrates by the fungus. Ruegger et al., 2001 stated that the highest organic 

mass loss was related to biological efficiency. Our study report also expressed the same that 

Organic mass loss was related with biological efficiency. The treatment (T4) which possesses 

highest organic mass loss (38.5%) shows a maxinmum percentage of biological efficiency 

(92.4%). 
Moisture content 

Figure 2 illustrated the mo isture content of mushroom harvested from different 

Meatments. Fresh mushroom contain about 85 - 95% (Ashok Kumar et al., 2013). Our findings 

e in accordance with Tulek. 2011. The moisture content of mushroom harvested from various 

treatments was found about mostly greater than 90%. 
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Biological efficiency (%) 
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Figure 1a: Effect of different treatments on biological efficiency of Pleurotus spp. 
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Figure 1b: Effect of different treatments on organic mass loss of Pleurotus ypp. 
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Figure 2: Effect of different treatments on moisture content of Pleurotus spp. 



Table 4: Biocemical 

Protein 

Quinines 

Phenol and 
tannin 

Alkaloids Terpenoids 

Solvent tested 

Ireatment 

S.NO 

+ 

Water 

+ 

+ 

+ 

+ 

Chloroform Methanol 

+ 

+ 

Water 

+ 

Chloroform 

2 

+ 

Methanol 

+ 

Water 

Chloroform 

T3 

3 

+ 

+ 

Methanol 

+ 

Water 

+ 

Chloroform 

T4 

4 

+ 

+ 

++| 

Methanol 
Water 

Chloroform 

T5 

+ 

+ 

+ 

Methanol 

+ 

Water 

+ 

T6 

+ 

Chloroform Methanol 

6 

+ 

T2: Banana leaf 

T1: Paddy straw 

T4: 

Paddy 

straw 
+ 

Banana 

leaf 

T3: Sugarcane Bagasse 

T6: 

Paddy 

straw 
+ 

Sugarcane 

bagasse 

T5: 

Banana 

leaf+ 

Sugarcane 

bagasse 

analysis 
of 

mushroom 

harvested 

from 

diffe 

rent 

treatments Saponins 



Biochemical analysis 

Diochenical analysIS of mushroom harvested from various treatments disclosed the 
presence of allkaloids, terpenoids, phenol, tannin, saponins and protein. Among the different 
sohent tested Imethanol l extract showed more phytoconstituents than chloroform and water vwhich 
are presented in Table 4. Our results were coinciding with the results of Parihar et l., 2015 
oealed that methano lic extract showed the presence of alkaloids, saponins, pheno Is, glycosides 
and terpeoids. Joshi et al., 2014 also stated the presence of saponins, tannins, flavonoids, 
akaloids, phenols, steroidal glycosides and terpenoids in methano lic and aqueous extract. 

Nutritional analysis 

Carbohydrates are the important component of dry mushroom and are helpful for proper 
unctioning of digestive tract (Kalac, 2012). Total carbohydrate contents of mushroom 
presented in figure 3. It is clear that, T2 (12.5 ± 0.04 mg/g DW), T3 (12.6 ± 0.02 mg/g DW) and 

were 

12.5 ± 0.03 mg/g DW) possessed maximum amount of carbohydrate among various 
enents tested. It was followed by T1 (8.2 + 0.03 mg/g DW), T4 (8.3 ± 0.04 mg/g DW) and 
5(78 +0.02 mg/g/ DW). 

Olal protein content of mushrooms grown on different substrates varied from 10.6 + 0.1 
Migg DW (TI) for T41 to 7.8 + 0.05 mg/g DW for T4 which was showed in figure 4. Akyuz and 
irbag 2010. reported that mushrooms are rich source of diverse proteins, whereas, the content t protein may Vary according to strains, physical and chemical differences of the substrates. 

Figure 5 shows the amount of amino acid variation amount variety of treatments. The teut reveals that the highest amount was noted in T3 (206 ± 4 mg/g DW) and the least anount 
In I6(44 3 mg/g DW). On the other hand GuO et al. (2007), the amino acids in dried 

was 844O mg and 19,200 mg/100 g dry matter respectively. 
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Figure 3: Effect of different treatments on carbohydrate content of Pleurotus spp. 
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Figure 4: Effect of diffe rent trcatments on protein content of Pleurotus spp. 
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Figure 5: Effect of different treatments on amino acid content of Pleurotus spp. 
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Figure 6: Effect of different treatments on lipid content of Pleurotus spp. 



pl.urolus mushroom are usually low in fat content. In the present study, Pleurotus spp. 
hurvested trom T5 was gave highest amount of total lipid (9.75 + 0.04 mg/g DW) and the lowest 
amount Was noted in T6 (6 + 0.03 mg/g DW) and are presented in figure 6. Our results are 
ehtcd with the lipid content of Pleurotus ranged from 0.2 to 8g/100g dried fruit bodies (Hossain 

d ul. 2007),. 



SUMMARY AND CONCLUSION 



Suomery end Coneuston 
Mrshroom have been a W Bdely used as tood and are considered as an important food time roing human. health. nutriton and disease prevent ion. (Chang, 1996). Dietar, mushrooms de w ide var iet of medicinal properties such as anticancer, antibiotic, antiv iral activities. munt and biood lipd koWering eflects. Mushrooms are rich in protein, minerals and vitamins n thes contain an abundance of essent kal amino ac ids ( Sadler. 2003). Nutritional composition Ithe subsirale depends on the selected strains, the composition of the substrate, the method of 

cultIvatkot. slage of harvesting etc. (Benjamin, 1995). 
In ths study. substrates such as paddy straw, banana leaf and sugarcane bagasse were 

sciecled The selected substrates were tested indiv idually and miN equally (1:1) w ith other 
substrales to evaluate the growth parameter of the selected mushroom Pleurotus spp. 

Among the varicous substrates tested. banana leaf mix with paddy straw ([4) possess a 
hin degrEt of spawn running (13 days). pin head formation (19 days), number of pin head 

-). pritord ia (162) and fruit ing body development (136) when compared to other treatments. 
I ITealmIen T4 also produce a significant fruiting body with maximum pileus diameter 

Cm) and stipe length (4 cm). 

Kegard 1ng mushroom vield. T4 treatment produce maximum yield of 462g per 500g of 
igt substrate. Bological efficiency and organic mass loss are more or less related with 

ac other in Dur study. T he treatment (14) which possesses a high biological efliciency also 

OTganic mass loss. 

neiral anasis of the harvested mushroom revealed the presence of alkaloids. 
phenol. tannin. saponins and protein in methanolic extract when compared to other 
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sohent. Nutritional analysis of mushroom confirmed the presence of essential nutrients like 
carbohy drate. protein, amino acid and lipid. The variat ion in the ir nutrient content may because 
of the composition of the substrate. spawn quality. the quantity of spawn used for constructing 

heds. environmental influences etc 

Erom the above findings, the lignocellulosic nature of the substrate banana leaf and paddy 
straw may suitable tor the growth of Pleurotus spp. Thus in conclusion, the substrate banana leaf 

combined w ith paddy straw employed asa vital substrate for mushroom cultivation. 
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Introduction 

Mushroom has fascinated the mankind since ages with their colourful fleshy 

fruiting bodies. Theophrastus 300 BC was probably the first to mention about 

mushroom. Mushroom is edible as well as non-edible (poisonous). These have been 

included in the diet by Greeks and Romans since ancient time. Romans regarded the 

mushroom as a food of God while Chinese termed them as elixir of life.  

Mushrooms are the edible fungi prized for their delicacy and distinctive 

flavour. Because of their unique nutritional status they are known as “The ultimate 

health food”. The Greeks and Romans described mushrooms as “Gift from God” and 

were served only on festive occasions. Reference to mushrooms is found in Vedas 

(Adhikari, 2010). The prominence of fungi can now be seen increasingly evidenced 

by their use as a major source of pharmaceuticals and medicinal foods (Law, 2001).  

 More than 140,000 species of mushrooms exists in nature, but less than 25 

species are widely accepted as food and only a few have attained the level of an item 

of commerce (Lindequist et al., 2002). Edible mushrooms have long been considered 

to have medicinal value and devoid of undesirable effects. Due to their high content 

of protein, vitamins and minerals mushrooms are considered as “poor man’s protein” 

(Pandey, 2004). According to Fukushima, (2000) mushrooms generally possess most 

of the attributes of nutritious food as they contain many essential nutrients in good 

quality. Mushrooms can not only convert lignocellulosic waste materials into human 

food, but also can produce notable nutriceutical products, which have many health 

benefits. They provide people with an additional vegetable of high quality, and enrich 

the diet with high quality proteins, minerals and vitamins which can be of direct 

benefit to the human health and fitness. Edible mushrooms are highly nutritious and 



2 
 

can be compared with eggs, milk and meat (Oei 2003). The spent substrate left after 

harvesting the mushrooms, which is entangled with innumerable mushroom threads 

(collectively referred to as mycelia), can also be used as animal feed (more palatable), 

bio-fertilizer for soil fertility enrichment and biogas (Alice and Kustudia 2004). 

The global food and nutritional security of growing population is a great 

challenge, which looks for new crop as a source of food and nutrition. In this context, 

mushroom cultivation helps to address the issue of nutritional security and also 

provides solution for proper recycling of agro-wastes. In addition to good quantity 

protein, no cholesterol, high fibre, low sodium, good quantity of vitamins and 

minerals, protein polysaccharide complexes that impart unique medicinal values like 

anti-cancer and anti-viral properties. Globally, China is the leading producer of 

mushrooms with more than 70% of the total global production which is attributed to 

community based farming as well as diversification of mushrooms. In India, owing to 

varied agro-climate and abundance of farm waste, different types of temperate, 

tropical and sub-tropical mushrooms are cultivated throughout the country. With ever 

increasing demand for quality food, mushroom cultivation is now emerging as an 

important activity in different parts of our country (Ambili and Nithya, 2014). 

The mushroom cultivation has grown up in almost all the parts of the world 

and during last decades, the world mushroom production achieved the growth rate of 

about 10%. In India, owing to varied agro-climate and abundance of farm waste, 

different types of temperate, tropical and sub-tropical mushrooms are cultivated 

throughout the country (Shah et al., 2004). 

Mushrooms are prized for their exclusive flavour and deliciousness, they are 

rich in proteins, contain less fat, less carbohydrates and salt and rich in fibres and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5050175/#CR15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5050175/#CR01
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have high vitamin B12 and folic acid which are uncommon in vegetables. High 

availability of lysine and tryptophan and other amino acids usually absent in cereals 

make them ideal for food for patients suffering from hypertension, diabetes and 

obesity (Park et al., 2014). 

Mycelia growth was very sparse on wheat straw and apple pomace was more 

dense but grew slowly. Dense, fast growing mycelia were produced on the mixture of 

substrates (Josephine, 2014). 

Mushroom cultivation can be a labour-intensive agro-industrial activity, thus 

can help generate income and employment, particularly for women and youth in 

developing countries. Mushrooms are relatively fast growing organisms, thus, 

mushroom cultivation as a short return agricultural business can be of immediate 

benefit to the community. While land availability is usually a limiting factor in most 

types of primary production, mushroom cultivation requires relatively little space; 

they can be stacked using shelf-like culture systems. It is, therefore, hoped that the 

avocation of mushroom farming will become a very important cottage industry in 

integrated rural development programs. This will lead to the economic betterment of 

not only small-holder farmers but also of landless labourers and other weak sections 

of communities (Alam and Raza 2001) 

Edible mushrooms are recommended by the FAO as food, contributing to the 

protein nutrition of developing countries dependent largely on cereals. The most 

important edible mushroom is the Pleurotus species (Oyster Mushroom) (Gyorfi and 

Hajdu., 2007) Mushroom cultivation is a profitable agribusiness and Oyster 

mushroom (Pleurotus ostreatus) is an edible mushroom having an excellent taste 

and flavour. It belongs to the class Basidiomycetes, subclass 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5050175/#CR02
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Hollobasidiomycetidae, order Agricales. It grows wild in the forest and is 

cultivated in the temperate and sub tropical regions of the world (Shah et al., 

2004). 

Pleurotus ostreatus is the second most cultivated edible mushroom 

worldwide after Agaricus bisporus. It has economic and ecological values and 

medicinal properties. Mushroom culture has moved toward diversification with 

the production of other mushrooms. Edible mushrooms are able to colonize and 

degrade a large variety oflignocellulosic substrates and other wastes which are  

produced primarily through the activities of the agricultural,  forest, and food-

processing industries. Particularly, P. ostreatus requires a shorter growth time in 

comparison to other edible mushrooms. The substrate used for their cultivation 

does not require sterilization, only pasteurization, which is less expensive. 

Growing oyster mushrooms convert a high percentage of the substrate to fruiting 

bodies, increasing profitability. P. o s t r e a t u s demands few environmental 

controls, and their fruiting bodies are not often attacked by diseases and pests, 

and they can be cultivated in a simple and cheap way. All this makes P. ostreatus 

cultivation an excellent alternative for production of mushrooms when compared 

to other mushroom (Carmen, 2010). 

Calocybe indica, popularly known as Milky mushroom or summer mushroom, 

is a relatively new introduction from India to the world of mushroom growers. 

Calocybe indica  is one of the promising mushrooms cultivated in summer introduced 

by Purkayastha et al., in 1974. The name is derived from the ancient Greek terms 

kalos “pretty” and cubos “head”. In Orissa it is known as dudha chhatu and in some 

places they are called kuduk. Around nine species of Calocybe are found in 

neotropical regions (Nilson et al., 1997)   

https://scialert.net/fulltextmobile/531031_ja
https://scialert.net/fulltextmobile/531031_ja
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Krishnamoorthy (1997), identified a potential strain of Calocybe indica 

occurring in a sugarcane field near Coimbatore, later it was released as a new variety 

called APK2 from Tamil Nadu Agricultural University. Natural occurrence of this 

mushroom Calocybe in the plains of Tamil Nadu and Rajasthan has also been 

reported. Geetha (2011), reported a high yielding strain of Calocybe gambosa from 

western ghat region of Kerala.  

      Among eighty edible mushrooms are considered for commercial exploitation, 

milky mushroom has become the focal point of exploitation in India as it grows in hot 

humid climate and suitable for cultivation almost throughout the year. The milky 

mushroom is considered as a better proxy for oyster mushroom notably in tropical 

regions with longer shelf life of 3-4 days and offers wide export potential. Cultivation 

of milky mushroom has become popular in Tamil Nadu, Kerala, Karnataka and Andra 

Pradesh.  

     Recently Calocybe indica have become an attractive functional food mainly 

because of their chemical composition. Chang et al. 2004 reported that milky 

mushroom known for its delicacy, flavour, and aroma. Nutritionally it is considered as 

a valuable vegetable, consisting of protein (10-40 per cent) carbohydrate (13-70 per 

cent) fat less than (1-8 per cent) minerals and significant amount of essential amino 

acids. Rahul et al. (2010) reported that Calocybe indica is rich in protein, 

carbohydrates, and vitamins and contain abundant amount of essential amino acids 

and fibre.  

     Since milky mushroom gained spectacular growth in the commercial front, its 

potential to boost health is to be explored. In this context the present study is taken up 

to investigate the nutritional and medicinal value of milky mushroom, so that the 
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commercial cultivation of milky mushroom could be promoted and popularized 

further.  
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Scope and Objectives 

 

Mushroom can play an important role contributing to the livelihoods of rural 

and peri-urban dwellers, through food security and income generation. Mushrooms 

can make a valuable dietary addition through protein and various micronutrients and, 

coupled with their medicinal properties, mushroom cultivation can represent a 

valuable small-scale enterprise option. There has been 1200 species of fungi that 

considered to mushrooms, with at least 200 species showing various degree of 

edibility (Chang, 1999).  

Based on the availabily and delicacy the two mushroom varieties, Oyster and 

Milky mushroom were selected for the present study. The main objectives were, 

1. To grow the varieties of this two different species in the same 

environment. 

2. To analyze the preliminary phytochemical screening of the mushroom 

species. 

3. To quantitatively analyze the nutrient content of each mushroom 

species. 



Review of Literature

Mushrooms have been consumed by humans as nutritious and delicious

food since ancient times.   The Greeks, the Romans and the Chinese regarded

them as valuable healthy food. Recently there is an increased demand for edible

mushrooms globally as they are low in calories, carbohydrates, fat and sodium

and  rich  in  proteins,  minerals  and  vitamins  and  are  free  from  cholesterol.

Mushrooms are  reported to  be useful  in  preventing  and treating  Parkinson’s

disease,  Alzheimer’s disease,  diabetes,  hypertension  and  high  risk  of  stroke

(Shialaja and Radhika, 2018)

Mushroom  cultivation  is  considered  as  an  alternative  source  of uplift  the

living  standards  of  poor  farmers  and  also  to  add  high  quality protein  in

their  daily  diets  to  eradicate  malnutrition  problems . Mushroom cultivation

includes  cultivation  techniques , spawn  preparation , substrate preparation ,

marketing  of  fresh  product , preservation  etc (Biswas, 2014).

The  cultivation  of  edible  fungi  is  a  controlled  bioconservation  of

agro industrial  lingo-cellulosic  waste  and  residues . The  oyster  mushroom

containing  more  nutrient . Mushroom  cultivation  fits  in  very  well  with

sustainable  forming  and  has  several  advandages . The  mushroom are  good

each  crop . The  development  of  oyster  mushroom  production  methologies

an  agricultural  waste  like  paddy  straw  and  wheat  straw  gives  very  high

yield  as  well  the  nutrients  contain  like  carbohydrates ,  protein ,  ash ,

aminoacids , crude  fiber , magnesium , lipid  were  checked (Sonali ,2012).

Numerous species of wild growing mushrooms are widely consumed as

a delicacy in central and eastern Europe. Credible evaluation of their nutritional
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value  has  so  far  been  limited  due  to  fragmentary  knowledge  of  their

composition and mainly due to the very limited information on the availability

of their constituents. Dry matter content is usually about 100 g kg−1. Structural

polysaccharides  and  proteins  comprise  the  main  components  of  dry  matter,

while the lipid content is low (Pavel, 2009)

Edible  mushrooms and  wild  mushrooms were cultivated using paddy

straw and wheat straw.  The  effect  of mushroom  size , spawn  inoculation

level  and  type  of  substrate  on  mushroom  yield  and  biological  efficiency.

Comparing to wheat straw,  rice   straw  yield  about  10%  more mushrooms

(Abulude and, 2014)

Mushrooms   have   been   used   as   food   supplement   from  time

immemorial not  only  for     their  flavor , aroma  and  nutritive  values , and

but  also  for their  medicinal  properties . In the  present  day  world  they  are

known  for culinary  values  due  to  their  high  -quality  proteins , vitamins ,

fibers   and  many   medicinal   properties  .  The   chemical   nature   of   the

bioactive compounds  present  in  the  mushroom  includes : polysaccharides

lipopolysaccharides  ,  proteins  ,  peptides  ,  glycoprotein  ,  nucleoside  ,  lectins

,lipid    and  their   derivatives.  Mushrooms  are   used   in   folk   medicine

throughout  the  world  since  ancient  times  as  the  ultimate  health  food.

(Yashvant et.al,2012)

Mushrooms  constitude  an  integral  part  of  the  normal  human  diet

and  in  recent  times , the  amounts  of  consumption  have  been  raised  greatly

, which include  variety  of  species. The  oyster  mushroom  is  popularly

consumed by  all  over  the  world  due  to  their  taste , flavor , high  nutritional
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value and  medicinal  properties  . Because  of  the  presence  of  numerous

nutritional   composition  and  various  active  ingredients  in  oyster mushroom

have  been  reported  to  have  antidiabetic , antibacterial , antioxidant , eye

health  and  antiviral  activities (Krishnamoorthy,2014).

Mushrooms  had  long  been  used  for  medicinal  and  food  purposes

since  decades . Modern  pharmacological  research  confirms  large  parts  of

traditional  knowledge  regarding  the  medicinal  effects  of  mushrooms  due to

their  antifungal , antibacterial , antioxidant  and  antiviral  properties , besides

being  used as functional  foods . This  papersumsap  diverse beneficial  health

effects  of  mushrooms  to  human , in the  form  of  proteins , carbohydrates ,

fats , vitamins , minerals , food and  drugs  and  medicine (Ahmad  et al, 2010)

Oyster  mushroom  is  consumed  all  over  the  world  due  to  its

taste,flavour,high  nutritional  Value  and  some  medicinal  properteies.  Many

species  of  this  genus  are  rich  in  proteins  with   essential  amino  acids,

polysaccharides, essential amino acetic  acid, dietary fibers, important minerals

and some vitamins.Because of these nutritional  composition and presence of

bioactive molecules oyster mushroom have been reported to have anticancer,

antihypertensive,  anti  diabetic and antioxidant.The high nutritional value and

potent  medicinal  uses  suggests  that  pleurotus mushrooms  are  important

functional foods or nutraceuticals (Savita and Anjana,2017)

Three distinct oyster mushroom strains including Pleurotus florida (PF),

Pleurotus eous (PE) and Pleurotus sajor-caju (PS) were successfully cultivated

on cattail weed substrate. A comparative analysis of different parameters viz.,

biological efficiency (BE) and protein, carbohydrate, crude fibre and fat content
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in fruitbodies were evaluated. According to biological efficiencies obtained PF

(90%) was superior strain, while order can be represented as 90%> 89%> 82%

respectively in PF>PS>PE (Ram and Bharti, 2017) 

The phytochemical screening of different extracts of  Pleurotus florida

revealed  the  presence  of  different  secondary  metabolites.  Pleurotus  florida

fruiting  bodies  were  found  to  contain  carbohydrates,  alkaloids,  glycosides,

flavonoids, tannins, saponins and steroids (Nirmala, 2014)

The greatest difficulty in feeding man is to supply a sufficient quantity

of the body building material protein. The other three nutritional categories are:

the  source  of  energy  food  carbohydrates  and  fats,  accessory  food  factors

vitamins  and  inorganic  compounds  which  are  indispensable  to  good  health

(Shimizu and Anzai 2001). Furthermore, mushroom protein contains all the nine

essential amino acids required by man. In 14 addition to their good proteins,

mushrooms are a relatively good source of the following individual nutrients:

fat, phosphorus, iron, and vitamins including thiamine, riboflavin, ascorbic acid,

ergosterine and niacin.  They are low in calories, carbohydrates and calcium.

Mushrooms also contain a high proportion of unsaturated fat 

The use of mushrooms as food is probably as old as civilization and

mushrooms  currently  have  greater  importance  in  the  diet  of  mankind.

Mushrooms contain reasonable amounts of proteins, carbohydrates,  minerals,

vitamins  and  fiber.  Mushrooms  generally  possess  most  of  the  attributes  of

nutritious  food  as  they  contain  many  essential  nutrients  in  good  quantity

(Fukushima, 2000).

11



Nutritional  value  of  mushrooms  lies  between  that  of  meat  and

vegetables. The rich source of proteins, vitamins and minerals and low in fat

content (2-8%) unique chemicals constitution of mushrooms makes them low

calorie  food  8  and  choice  diet  for  those  suffering  from  hypertension,

arthrosclerosis, diabetes, obesity etc. ((Fukushima, 2000)

The carbohydrate content of mushrooms represents the bulk of fruiting

bodies  accounting  for  50  to  65  per  cent  on  dry  weight  basis.  Free  sugars

amounts to about 11 per cent (Florezak et  al.,  2004).  The calorific  value of

mushrooms is quite low compared to other foods. When compared to oyster

mushroom  milky  mushroom  had  more  carbohydrate  protein,  and  fat.

(Krishnamoorthy,  1997).  Milky  mushroom  consists  of  13-70  per  cent  of

carbohydrate. There for milky mushroom can be recommended for “slimming

diet”  

Mushrooms are excellent source of high quality proteins as compared to

most of the vegetables; they are in easily digestible form. Quality of protein is

comparable with meat,  egg and milk.  (Aletor, 1995).   The protein value of

mushrooms is  twice  as  that  of  asparagus  and potatoes  four  times  as  that  of

tomatoes and carrots, six times as that of oranges.  Calocybe indica consists of

about 15- 40 per cent protein (Tapasya and Rashmi, 2011). 

Mushrooms  normally  contain  19-  35%  protein.  Mushroom  proteins

contain  all  the  essential  amino  acids  and  are  especially  rich  in  lysine  and

leucine, which are lacking in most staple cereal food. The low total fat content,

and high proportion of polyunsaturated fatty acids (72-85%) relative to total

fatty  acids,  is  considered  a  significant  contribution  to  the  health  value  to

12



mushrooms. Fresh mushrooms contain relatively large amount of carbohydrate

and further range from 51-88% and 4- 20% mushroom appear to be a good

source of vitamin including thiamine, riboflavin, niacin, biotin and ascorbic acid

Verma  et  al.  (1987)  reported  that  mushrooms  are  very  useful  for

vegetarian because they contain some essential amino acids which are found in

animal proteins.

Pushpa  and  Purushothama  (2010),  reported  that  C.indica is  rich  in

protein and fiber  with low fat  content,  which make the mushroom as a low

energy, healthy food stuff. They were also of the opinion that milky mushroom

can  also  be  used  as  protein  supplementing  diet.  Digestibility  of  milky

mushroom protein is 72-83 per cent.

Mushroom  is a low fat food containing 1.1 to 8.3 per cent fat on dry

weight basis, however it  contain all the classes of lipids including free fatty

acids, glycerides, sterols and phospholipids.  The fat content of Calocybe indica

is  1  to  8  per  cent.  When  compared  to  oyster  mushroom,  milky  mushroom

contain more protein, carbohydrate and fat (Krishnamoorthy et al., 1997).

Jacob (2010), reported that one type of fibre found in mushrooms called

beta- glucan is similar to that of main oat products, which is beneficial for sugar

and blood cholesterol management. According to Kalac and Svoboda (2009),

cooked  mushrooms  contain  more  fibre  because  they  are  more  concentrated.

Mushrooms  contains  about  4-9  per  cent  and  22-30  per  cent  soluble  and

insoluble  fibre  respectively.  An  average  serving  of  mushrooms  (100g)

guarantees 940 per cent of the daily recommendations of dietary fiber (Manzi,

2001). According to Doshi et al. (1988) due to its alkaline ash and high fiber
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content, milky mushroom is highly suitable for people with hyperacidity and

constipation. 

Dietary mushrooms are considered as valuable health foods since they

are known for proteinacious food, consisting of about 75 per cent proteins and

are low in calories and fat. (Murugkar and Subbalakshmi, 2005). Mushrooms

have been valued throughout the world both as food and medicine for thousands

of  years.  They  are  effective  functional  foods  with  wide  spectrum  of

pharmacological  potentials.  They  are  good  source  of  high  quality  protein

comprising all the amino acids (Tapasya and Rashmi 2011).

Edible  mushrooms  contain  interesting  functional  components,

particularly beta glucans, homo and hetero glucans with glucosidic linkages that

are responsible for some health properties of mushrooms (Pamela, 2010). 

Usha (2007), reported that Calocybe indica on different substrates shows

the presence of altogether eighteen fatty acids especially eicosapentaenoic acid

and docasohexaenoic acid. These two omega3 PUFAs known to decrease the

incidence  of  coronary  heart  diseases,  stroke  and  rheumatoid  arthritis.  The

bioactive  substances  with  immunomodulating  effects  of  mushrooms  include

polysaccharides,  glycoprotein,  terpenoids,  and  fungal  immunomodulatory

proteins.  The  biologically  active  polysaccharides  have  antitumor  and

immunostimulating properties (Chang, 2004).
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Materials and Methods

Materials:

The  different  mushroom  spawns  were  collected  from  the  certified

mushroom  cultivator,Mr.  Abdul  Rahim,  MSM  Mushroom  corner,Mushroom

cultivation  training  and  seeds  sale,  Rediyarpatti,  Tirunelveli  for  the  present

study.   The  spawns  were  of  3  different  species  of  Pleurotusspp.  (Oyster

mushroom)  and  two  species  ofCalocybe  spp.(milky  mushroom).  The  five

different  spawns were noted as   Pleurotusspp.  Var. 1,  Pleurotusspp.  Var. 2,

Pleurotusspp.  Var.  3,  Calocybe  spp. Var.  1  and  Calocybe  spp. Var.  2

respectively.

Methods: 

Cultivation of mushroom:

The  standard  procedure  for  the  cultivation  of  oyster  and  milky

mushroom instructed by Tamil Nadu Agricultural University was followed to

grow the mushroom specimens. They were shown in Plates 1 - 3

Substrate preparation:

 Oyster mushroom was grown on the basic substrate paddy straw.  Since

paddy straw is easily available and cheap, it is widely used. Paddy straw used

was fresh and well dried. 

Soaking:

The  paddy straw was chopped into 3-5 cm pieces and soaked in fresh

water for 8-16 hours. Excess water from straw was drained off by spreading it

on filter paper. 

Heat Treatment:
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 Heat  treatment  of  substrate  results  in  minimizing  contamination

problem  and  gives  higher  and  almost  constant  yields.  It  can  be  done   by

pasteurization. 

Pasteurization:

The soaked paddy straws were removed and filled in a pressure cooker

to heat them at high temperature. The cooker lid was closed and allowed to cook

the straw till two whistles. Now the paddy straws become saturated and were

free of contamination.

Spawning:

 When the pasteurized substrate had cooled down to room temperature,

it was ready for filling and spawning. At this stage, substrate moisture content

was about 70%.  Polypropylene bags (35 x 50 cm) were used for its cultivation.

Spawning can be done using layer spawning method.

In this method, substrate was filled in bag, pressed to a depth of 8-10 cm

and broadcasted with a handful of spawn above it. Similarly, 2nd and 3rd layers

of substrate were put and simultaneously after spawning the bags were closed.

After that it was gently pressed, and the bags were sealed for spawn running

(development).Spawned bags were hanged inside the mushroom cultivation unit

and the temperature and humidity were maintained by pouring water on the sack

walls four to five times in a day.It took 8-10 days when bags were fully covered

with white mycelium. 
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Cropping and harvest:

 After 14-18days,  when bags were with fully grown mushroom, they

were hand plucked and were stored in perforated polythene bags to maintain

their freshness. It loses freshness after about 6 hours, which can be enhanced by

keeping them in refrigerator. 

Data collection

The  mushroom  bags  were  frequently  observed  from  its  packing  to

harvesting to record different parameters such as number of days for starting

and completion of spawn running, time required for pinhead initiation, number

of primordia, number of fruiting bodies. Mushroom yield (%) (Dlaminiet al.,

2012)  ,biological  efficiency (%)  and  production  rate  (Carvalhoet  al.,  2012)

were calculated by using the following formula:

Fresh weight of mushroom
Mushroom yield = ----------------------------------------- × 100

Fresh weight of substrate

Fresh weight of mushroom 
Biological efficiency = --------------------------------------- × 100

Dry weight of substrate

Biological efficiency
Production rate = ------------------------------------ × 100
Total days of production 
Sample preparation

The collected mushrooms from various treatments was cut into slices

and shade dried. Then the dried samples were powdered in a mixer grinder and

sieved to get uniform particles. The sample powder was stored for further use. 

Extract preparation of the mushroom samples
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For  the  present  study, the  cold  extract  was  prepared  using  the  dried

mushroom samples  in  various  solvents  like  Methanol,  Acetone  and  water. I

gmof the dried samples was mixed with 20 ml of solvents and kept in at shaking

at regular intervals for 24 hours. After that the content was filtered through filter

paper and the extract was used for the phytochemical analysis.

Preliminary  phytochemical  screening  of  mushroom  samples  (Harborne,

1998)  

Test for Alkaloids 

Mayor’s test: 

Dissolved  filtrate  1  ml  treated  with  Mayor’s  reagent  (Potassium

mercuric  iodide).  Formation  of  a  yellow  coloured  precipitate  indicatedthe

presence of alkaloids. (Mercuric chloride + few drops of Iodine solution) 

Test for Terpenoids

Crude extract 2 ml was dissolved in 2 ml of chloroform and evaporated

to dryness. To this 2 ml of Con H₂SO₄ was added and heated for about 2min. A

grayish colour indicated the presence of terpenoids. 

Test for Phenol and Tannin 

Crude extract was mixed with 2 ml of 2% solution of FeCl₃.  A blue

green (or) black colorization indicated the presence of phenol and tannin.

Test for sugar 

The little amount of substance mixed with equal volume of Fehling’s A

and B solution  heated  in  water  bath.  Formation  of  red  colour  indicated  the

presence of sugar. 

Test for Saponins (Froth test) 
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To 3 ml of extract were diluted with 2 ml of distilled water and this test

tube was shaken in a graduated cylinder for 15 minutes. Formation of 1 cm

layer of foam indicated the presence of saponin. 

Test for Quinines 

To the 1% test substance 2% sodium hydroxide was added. Blue green

(or) red colour indicated the presence of quinines. 

Test for Protein 

The 4% extract were treated with few drop of concentrated nitric acid.

Formation of yellow colour indicated the presence of protein.

Test for Sterols 

The 3 ml of crude extract was mixed with 2 ml of chloroform and con

H2SO4 was added sidewise. A red colour is produced in the lower chloroform

layer indicated the presence of steroids.

Quantitative analysis of mushroom samples

Moisture content (Randive, 2012)

Moisture was determined by drying the fresh mushrooms at 80˚C to a

constant  weight  in  an  oven.  Moisture  content  was  determined  by following

formula

                       Initial weight – final weight 
              Moisture content = ------------------------------------------- × 100

                                              Initial weight of sample 

Estimation of total soluble protein (Lowry et al., 1951)

Reagents 

 10% trichloroacetic acid (TCA).
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 0.2N sodium hydroxide

 Alkaline copper reagent: 

                Solution A: 2% sodium carbonate in 0.1N sodium hydroxide

                Solution B: 2% sodium potassium tartarate

                Solution C: 0.5% copper sulphate

To prepare 100 ml alkaline copper reagent, 98 ml of solution A, 1ml of solution

B and 1 ml of solution C were mixed together freshly.

 Folin – Ciocalteau reagent

Commercial reagent was prepared freshly in the ratio of 1:1

with distilled   water.

Extraction and estimation of protein:

One gram of  plant  tissue  was  weighed and ground it  with  10 ml  of

distilled  water. The  plant  extract  was  filtered  through a  filter  paper. To the

filtrate, 10 ml of cold 5% TCA (trichloro acetic acid) was added to precipitate

protein. It was centrifuged and the pellet was collected that contains protein.

The pellet  was  dissolved in  10 ml  of  0.1N NaOH.  To 1 ml  of  this  protein

extract, 5 ml of alkaline copper reagent and 0.5 ml of Folin – Ciocalteau reagent

were  added.  The  absorbance  was  measured  using  red  filter  (650nm).  The

absorbance extrapolated in the standard graph and the amount of protein present

in 1 gm of plant tissue was calculated.

Estimation of carbohydrates (Hedge and Hofreiter, 1962)

Principle

Carobohydrate  is  first  hydrolysed  into  simple  sugars  using  dilute

hydrochloric acid. In hot acidic medium glucose is dehydrated to hrdroxymethyl
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furfural.  This  compound forms with anthrone a  green coloured product with

absorption maximum at 630 nm. 

Reagents:

A. 2.5 N Hcl

B. Anthrone  reagent:  0.2%  anthrone  was  dissolved  in  ice  cold

concentrated sulphuric acid. Prepared fresh before use.

Procedure

Weighed  100mg  of  the  sample  into  a  boiling  tube,  hydrolysed  by

keeping it in a boiling water bath for three hours with 5 ml of 2.5N Hcl and

cooled to room temperature. Neutralised it with soild sodium carbonate until the

effervescence  ceas  and  take  0.2  to  1.0ml  for  analysis.  Then  added  4  ml  of

anthronereagent, heated for eight minutes in a boiling water bath, colled rapidly

and read the green to dark green colour at 630 nm.  

Estimation of free Amino acids(Jayaraman, 1981)

Principle

The  ninhydrin  is  powerful  oxidizing  agent.  All  amino  acids  in  the

presence of ninhydrin get decorboxylated and deaminated resulting in ammonia,

carbondioxide, the corresponding aldehyde, and a reduced form of ninhydrin.

The liberated ammonia then reacts which an additional mole of ninhydrin and

the reduced ninhydrin to yield a purple substance, which has absorption maxima

at 570nm. 

Reagents 

A. Standard amino acid solution Dissolved 10 mg of aspartic acid in

small volume of (0.1N) HCl and make up with distilled water to the 100 ml

mark in the standard flask.
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 B. Ethanol (80%) 

C. Ethanol (50%) 

D. Ninhydrin reagent 

Prepared by dissolving 2g of ninhydrin in 25 ml of acetone. To

this 25 ml of 0.2 M acetone buffer (pH 5.5) was added and stored in a

brown bottle.

Procedure

10 ml of samples was homogenized with 80 percent ethanol in a pestle

and  mortar.  The  homogenate  was  centrifuged  at  5000  rpm.  The  clear

supernatant was made upto a known volume. From this 1 ml was pipetted out in

to a test tube and diluted to 4ml with distilled water. To this, 1 ml of ninhydrin

reagent was added and kept in boiling water bath for 15 minutes. The test tubes

38 were then cooled and 1 ml of 50 percent ethanol was added. The purple

colour developed was measured in spectronic 20 at 540nm.

Determination of total lipid (Folchet al., 1957)

To 500 mg of dried algal powder taken in a screw capped test tube, 10

ml of 2:1 CHCl3: CH3OH solvent mixture was added. The tube was loosely

capped  and  heated  in  a  water  bath  at  60°C  for  30  min.  After  cooling  the

solution, the volume was made up to 10 ml with the solvent mixture. 0.4 ml of

the extract was pipetted in a separate test tube, allowed to dry completely and

digested with 0.4 ml of cone. H2SO4 by boiling in a water bath for 10 min. After

cooling the tube, 5 ml of phosphovanillin reagent was added and allowed to

stand for 30 min for colour development. The absorbance was then measured at

520  nm  against  a  reagent  blank  using  UV-Visible  spectrophotometer.

Cholesterol was used as standard.
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Results and Discussion 

 The different samples were grown in the mushroom unit and are 

carefully analyzed for various parameters. The cumulative result of the all the 

studies undertaken in the present study is clearly given and discussed in this part. 

 The spawn running and pinhead formation are the most important 

phases in the cultivation of mushroom. The days taken for this process are 

given in Table 1. It is evident that in Pleurotus varieties it took one week 

for the spawn running process. Similar results were observed by Tan 

(1981) and Shah et al. (2004). In the same way in Calocybe varieties, it had 

taken 2-3 weeks for the spawn to run. Onuha (2007) also observed the same 

type of spawn running period in the Calocybe spp. 

 The time taken for the pin head formation was shown in Table 1. It took 

about  6-7 days in both the mushroom varieties to produce the pin head. 

Vetayasuporn (2007) reported the same type of result when he worked with 

different mushroom species including oyster and milk mushroom.  

The number of pin head, primordia and fruiting body formation in 

mushroom samples were shown in Table 2 and Plate 1-3. The number of pin 

head formed was more in Calocybe sppVar. 1 and least number is present in 

Pleurotus spp Var. 2. The number of primordia formed was lesser than the pin 

head formation. The number of primordia was more in Calocybe sppVar. 1 and 

lesser in Calocybe spp Var. 2. The fruiting body produced were even more 

lesser than the pin head produced. In this also Calocybe sppVar. 1 produced 

more number of fruiting body. These similar results were observed with the 

https://scialert.net/fulltextmobile/?doi=biotech.2010.338.342#531044_ja
https://scialert.net/fulltextmobile/?doi=biotech.2010.338.342#531044_ja
https://scialert.net/fulltextmobile/194872_ja
https://scialert.net/fulltextmobile/?doi=biotech.2010.338.342#531016_ja
https://scialert.net/fulltextmobile/?doi=biotech.2010.338.342#115722_ja
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works done by Chandra 2016 while working with the oyster mushroom and 

Celik and Perkker(2003) in milky mushroom. 

Mushroom yield percentage of different mushroom samples was given 

in Figure 1. Higher amount of mushroom yield was noted in Pleurotusspp Var. 

2 followed by CalocybesppVar. 1. The least yield was observed in Pleurotusspp 

Var. 1. Bolton and Blair (1982) and (Fasidi, 1996), reported that rice husk is 

good for the production of V. esculenta because of its richness in oils and 

vitamins which are good stimulants for high mushroom yield. Substrate 

structure is an important factor for the growth of the mycelium as it should be 

suitable for penetration of the mycelium. 

Biological efficiency and rate of production of mushroom samples were 

shown in Figure 2,3. The biological efficiency and rate of production of the 

samples were based on their mushroom yield percentage. In this also, 

Pleurotusspp Var. 2 followed by Calocybe sppVar. 1 showed high biological 

efficiency and rate of production. The least biological efficiency and rate of 

production were observed in Pleurotusspp Var. 1. A higher Biological 

efficiency was observed in supplemented with paddy straw substrate support the 

work of ( Fasidi, and Kadiri, 1993 and Royse, 1996) on Pleurotustuberregium 

and Lentinussubnudu, respectively. 

The preliminary phytochemical screening of mushroom samples with 

different extract was shown in Table 3.  Alkaloid was present only in the 

aqueous samples of Pleurotus spp Var. 2, Pleurotus spp Var. 3, Calocybe 

sppVar. 1, Calocybe spp Var. 2, whereas alkaloid was absent in other extracts of 

mushroom samples. The medicinal value of mushroom were attributed to the 
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presence of alkaloids. Saponin and terpenoids were present in all the mushroom 

samples of the present study but were not observed in all the extracts. Tannins 

were reported in the aqueous extract of Pleurotus spp Var. 2 and Calocybe 

sppVar. 1 and were absent in all the other extracts of mushroom samples. 

Quinone is present  only in the aqueous sample of Pleurotus spp Var. 1 where 

as it was not present in any other extracts of mushroom samples.Protein was 

present in all the samples of the mushroom samples. This work was supported 

by Patil et al., 2008 

The moisture content of the mushroom samples was shown in Figure 4. 

The moisture content was high in Pleurotus spp Var. 3 followed by 

Calocybespp Var. 2, Pleurotus spp Var. 2, Pleurotus spp Var. 1 and 

CalocybesppVar. 1 in the order. This work was supported by (Alam, 2004)Alam 

N, Khan A, Hossain MS, Amin SMR, Khan LA. Nutritional analysis of dietary 

Mushroom- Pleurotusflorida Eger and Pleurotussajor-caju (Fr.) Singer. 

Bangladesh Journal of Mushroom.2007; 1:1-7. 

The total amount of protein in the mushroom samples was shown in 

Table 4 and Figure 5. High amount of protein was observed in Pleurotusspp Var. 

1 followed by CalocybesppVar. 1, Pleurotusspp Var. 2, Calocybespp Var. 2 and 

 Pleurotusspp Var. 3 in the decreasing order. This shows that the protein 

content of edible mushrooms, ingeneral,is about 

twicethatofasparagusandcabbageand4timesand12times respectively (Chang, 

1980). 

The total amount of amino acids in the mushroom samples was shown in 

Table 5 and Figure 6. The total amount of protein in the mushroom samples was 
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shown in Table 4 and Figure 5. High amount of protein was observed in 

Pleurotusspp Var. 1 followed by CalocybesppVar. 1, Pleurotusspp Var. 2, 

Calocybespp Var. 2 and  Pleurotusspp Var. 3 in the decreasing order. 

Essential amino acids (lysine, methionine, tryptophan, threonine, valine, leucine, 

isoleucine, histidine, and phenylalanine) were present in protein . The proteins 

of commonly cultivated mushrooms contain all nine amino acids essential for 

man (Ouzouni et al., 2009). 

The total amount of carbohydrates in the mushroom samples was shown 

in Table 6 and Figure 7. High amount of carbohydrates were observed in 

Pleurotusspp Var. 1 followed by Pleurotusspp Var. 3, Pleurotusspp Var. 2, 

CalocybesppVar. 1 and Calocybespp Var. 2 in the decreasing order. This result 

was supported by  Barroset al., 2007.  

The total amount of lipids in the mushroom samples was shown in Table 

7 and Figure 8.Pleurotusspp Var. 3 showed high amount of lipid content which 

was followed by Calocybespp Var. 2, CalocybesppVar. 1, Pleurotusspp Var. 2 

and Pleurotusspp Var. 1 respectively. In general, the crude fat of mushrooms 

represents all classes of lipid compounds including fatty acids ,triglycerides, 

sterols, sterolesters, and phospholipids. At least, 72% of the total fatty acids 

were found to be unsaturated in each one of these mushrooms, thus making 

mushrooms a health food as they are essential in our diet, whereas saturated 

fatty acids may be harmful to our health (Barros et al., 2007). 

 

 



Table 1: Days taken to produce spawn run and pin head formation in the mushroom 

samples 

Sample Days taken to produce 

Spawn run Pin head 

Pleurotus spp.Var. 1 7 13 

Pleurotus spp Var. 2 5 11 

Pleurotus spp Var. 3 8 14 

Calocybe spp Var. 1 8 16 

Calocybe spp Var. 2 10 18 

 

Table 2: Number of pin head, primordia and fruiting body in the mushroom samples 

Sample No. of Pin head No. of Primordia No. of fruiting body 

Pleurotus spp 

Var. 1 
34 24 20 

Pleurotus spp 

Var. 2 
30 23 18 

Pleurotus spp 

Var. 3 
32 23 17 

Calocybe spp 

Var. 1 
45 30 23 

Calocybe spp 

Var. 2 
35 20 18 

 

 

 

 

 

 



Figure 1 Yield percentage of mushroom samples 

 

 

 

 

 

 

   Figure 2 Biological efficiency of mushroom samples 
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Figure 3 Production rate of mushroom samples 
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Table 3 Preliminary Phytochemical screening of the mushroom samples 

Plant 

Samples 
Extract Alkaloid Saponin Terpenoid Tannin Quinone Protein 

Pleurotus 

spp Var. 1 

Acetone - - + - - + 

Methanol - + + - - + 

Aqueous - + - - + + 

Pleurotus 

spp Var. 2 

Acetone - - + - - + 

Methanol - + + - - + 

Aqueous + + - + - + 

Pleurotus 

spp Var. 3 

Acetone - - + - - + 

Methanol - + + - - + 

Aqueous + + - - - + 

Calocybe 

spp Var. 1 

Acetone - - + - - + 

Methanol - + + - - + 

Aqueous + - - + - + 

Calocybe 

spp Var. 2 

Acetone - - + - - + 

Methanol - + + - - + 

Aqueous + + - + - + 

 

+ indicates Presence 

- indicates Absence 

 

 

 



Table 4: Total amount of protein in the mushroom samples 

S.No Sample Total amount of protein mg/g DW 

1.  Pleurotus spp Var. 1 2.35 ± 0.049943 

2.  Pleurotus spp Var. 2 1.39 ± 0.0141745 

3.  Pleurotus spp Var. 3 1.1 ± 0.041892 

4.  Calocybe spp Var. 1 1.38 ± 0.0127279 

5.  Calocybe spp Var. 2 1.2 ± 0.0540185 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 5 Total amount of protein in the different mushroom samples 
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Table 5: Total amount of amino acid in the mushroom samples 

S.No Sample Total amount of amino acid mg/g DW 

1.  Pleurotus spp Var. 1 1.8 ± 0.0244948 

2.  Pleurotus spp Var. 2 1.11 ± 0.012333 

3.  Pleurotus spp Var. 3 0.52 ± 0.011435 

4.  Calocybe spp Var. 1 
1.2 ± 0.049888 

 

5.  Calocybe spp Var. 2 0.65 ±0.013144 

 

 

 

 

 

 

 

 

 

 

 

 

                 

                Figure 6 Total amount of amino acid in the  mushroom samples 
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Table 6: Total amount of Carbohydrates in the mushroom samples 

 

S.No Sample 
Total amount of carbohydrates mg/g 

DW 

1.  Pleurotus spp Var. 1 9.84 ± 0.16490896 

2.  Pleurotus spp Var. 2 5.89 ± 0.21460304 

3.  Pleurotus spp Var. 3 7.29 ± 0.2399005 

4.  Calocybe spp Var. 1 5.78 ± 0.3723088 

5.  Calocybe spp Var. 2 2.59 ± 0.133735 

 

 

 

 

 

 

 

 

 

 

 

 

 

                Figure 7 Total amount of carbohydrates in the  mushroom samples 
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Table 7: Total amount of lipids in the mushroom samples 

 

S.No Sample Total amount of lipids mg/g DW 

1.  Pleurotus spp Var. 1 3.07 ± 0.02766608 

2.  Pleurotus spp Var. 2 3.50 ± 0.0245678 

3.  Pleurotus spp Var. 3 6.51 ± 0.0134768 

4.  Calocybe spp Var. 1 4.06 ± 0.0217865 

5.  Calocybe spp Var. 2 4.49 ± 0.0244446 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Figure 8 Total amount of lipids in the  mushroom samples 
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Figure 4:   Moisture content of the mushroom samples  
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Plate 1 Methods of mushroom cultivation 
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Plate 2  Packing of mushroom bags 
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Plate 3  Packing of mushroom bags 
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Plate 3 Spawn run, pinhead formation and fruiting body development of mushroom 

samples 
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Plate 4 Spawn run, pinhead formation and fruiting body development of mushroom 

samples 
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Plate 5 Spawn run, pinhead formation and fruiting body development of mushroom 

samples 
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Summary and Conclusion 

  

Mushrooms are the richest source of protein in vegetarian diet. They are 

largely cultivated though out the urban areas. They became the greatest source of 

income as well for the women at home. 

 For the present study, the different varieties of Pleurotus spp. (Oyster 

mushroom) and Calocybe spp. (milky mushroom) were taken and were analyzed 

under various parameters. 

 The number of pin head, primordia and fruiting body development were 

analyzed and observed for the freshness of mushroom. Once the fruiting body turns 

brown, they were plucked and analyzed biochemically. 

 The preliminary phytochemical screening of the samples revealed the presence 

of alkaloid, terpenoids, tannins and proteins in the samples. The qualitative presence 

of proteins led way to quantitatively measure them. 

 The moisture content analysis exhibited the amount of fibre content in the 

samples. Out of oyster mushroom varieties Pleurotus spp Var. 3 showed high 

moisture content and out of milky mushrooms Calocybe spp Var. 2 had high moisture 

content. 

 The quantitative measurement of protein, amino acids, carbohydrates and 

lipids were clearly depicted their nutrient contents. The different mushroom samples 

differed in their nutrient content as well. In all that Pleurotus spp Var. 1 showed 

maximum nutrient content where as Pleurotus spp Var. 3 showed least amount of 

nutrients.  
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When compared to the milky mushroom varieties, the oyster mushroom 

varieties showed good results in their nutrient quality. In Oyster mushrooms, the 

Pleurotus spp Var. 1 stood out in all the nutrient efficiency. 

Though in the present study, the spawns were purchased commercially, future 

scope of the study includes preparation of parental spawn from the existing 

mushrooms also to learn their anti microbial activity. 
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CHAPTER -I 

INTRODUCTION 

Since ancient times. plants have been source of crude material for medicines. 

A rich heritage of knowledge of medicinal importance of plants is available in India 

amongst the common people. Generally. it is estimated that more than 3.500 plant 

species in India are useful as a source of crude drug. Near about 2.500 plants are 

ethno medicinally important. There are too many plant species which are considered 

as a weed. but they are also medicinally important. The products obtained from plants 

are used in various traditional and modern methods of therapy. The trend of using 

natural products as a medicine is ever increasing. The invention of modern 

biotechnological and bioinformatics techniques have helped new drug discoveries. 

Medicinal plants are the basis of modern pharmaceuticals used today for various 

ailments, as it has a good source of natural antioxidants for medicinal use and related 

to radical mechanism (Peter et al., 2012). 

Medicinal plants are expensive gift from human to nature. The approval of 

traditional medicine as an alternative form of health care and the improvement of 

microbial resistance to the existing antibiotics has lead researchers to scrutinize the 

antimicrobial compounds. Herbal medicines are safer than synthetic medicines 

because the phytochemicals in the plant extract target the biochemical pathway. 

Medicinal plants have been used all over the world for the treatment and prevention of 

various ailments. particularly in developing countries where infectious disease is 

endemic and modern health facilities and services are inadcquate. The tribal 

communities of many countries are still using medicinal plants to cure sickness 

(Balaji et al. 2009) 
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Phytochemicals are compounds that are produced by plants "phyto" means "plant 

They are found in fruits, vegetables. grains. beans and other parts. Some of these 

phytochemicals are believed to protect cells from damage that could lead to cancer. 

Some scientists think that you could reduce cancer risk by as much as 40% by eating 

more vegetables, fruits and other plant foods that have certain phytochemicals in 

them. Plants, the most wonderful gift from nature have been used as an origin of 

drugs. Various types of drugs are obtained from them. These types of plants are 

known as medicinal plants. We use one or more of its organ for therapeutic purpOSe as 

a precursor of synthesizing of many useful drugs. According to some generous 

estimates, almost 80% of the present day medicines are directly or indirectly obtained 

from plants (Vidhya and Umavandhana, 2016) 

Capparidaceae family comprises various important medicinal properties 

distributed in tropical and subtropical India, whose medicinal usage has been reported 

in the traditional systems of medicine such as Ayurvedha, Siddha and Unani. The 

Capparidaceae family contains so many active constituents such as alcohol, alkaloids. 

amino acids, amyrin, anthocyanins, betulin, carbohydrates, flavonoids, glycosides, 

saponins, steroids, sterol and terpenes were reported in various researches. 

Cleome viscosa Linn. (wild or dog mustard), family (Capparaceae) is a widely 

distributed sticky herb with yellow flowers and long slender pods containing seeds, 

which similar those of mustard (Hindi), Hurhuria (Bengali), Nayikkadugu (Tamil) in 

South Asian folk medicine, found throughout the larger part of Indian Subcontinent. 

often in waste places. The plant finds its use in the traditional system of local 

medicine as a laxative and diuretic. I is reported to be useful in the treatment of 

malarial fevers, fever due to indigestion, skin diseases. leprosy. blood diseases, and 

uterine complaints. In the Unani system of medicine. the secds of the plant are 

2 



documented as anthelmintic and detergent, and are given to reat lever and diarrhoca. 

The seeds are used for anthelmintic while the leaves are useful tor healing wounds. In 

Ayurveda system of medicine. in the plant is used in fever. inflammation. liver 

diseases and diarrhoea. The rural people use the fresh juice of the crushed seed for 

infantile convulsions and mental disorder. The juice of the plant diluted with water is 

given internally in small quanities in fever and the seeds and leaves are useful in 

wound healing. The pungent seeds and seed pods are used as a mustard substitute in 

curries.(Lakshmi and Bindhu, 2011) 

Crataeva religiosa Hook& Frost belonging to family capparidaceae 

(capparaceae) is a tree usually found in the vicinity of tenmples of central and eastern 

India. It is known as pasugandha in Sanskrit, three legs in capper in English, Varunain 

hindi. Crataeva religiosa is globally distributed in India, Myanmar. Sri Lanka, 

Malaysia, Indonesia and China. In India, it is found in Penisular India, Western India. 

Gangetic plains and Eastern India, upto Tripura and Manipur. The plant part used for 

the medicinal purpose includes leaves, stem bark and root bark. Plant is used 

as diuretic, laxative, ethnopharmacologically lithonotriptic. antirehumatic, 

antiperiodic, bitter tonic, rubifacient and counterirritant. The counterirritant bark is 

used in the urinary disorders including kidney and bladder stones, antiemetic and 

calculous affections and as an antidote in snakebite (Nandakami, 1997). Scanty 

literature is available on bactericidal properties of this Cleome viscosa and Crataeva 

religiosa and hence both plants are screened for the bactericidal potential. 



CHAPTER-I| 

SCOPE AND OBJECTIVES 

From old age. plants are used as crude material for drugs. In India. rich 

knowledge of medicinal inportance of plants is available to the comon people. 

About 3.500 plant species are usetul as a souree of erude drug in India. Medicinally 
important plants are about 2500 in number. Some plant species are considered as a 

weed. but hey are also medicinally important to0. In various traditional and modern 

methods of' therapy. plants products are used. In current era. the trend of using herbal 
medicine is in scope. New drugs are discovered by the invention of modern 

biotechnological and bioinformatics techniques. In current era, herbal medicines are 

used more often as human believe in natural therapies is increasing day by day. 

Natural products play a dominant role in the development of novel drug leads for the 

treatment and prevention of diseases. Knowledge of the chemical constituents of plant 

is helpful in the discovery of therapeutic agent. However it is essential to work on 

locally available resources to bring out their pharmaceutical values. for utilization as 

source of nutrient supplements. minerals. vitamins, enzymes and antimicrobials in 

medicine. Hence the present investigation was undertaken with the following 

objectives. 

To identify the phytochemicals present in the stem and leaf of Cleome 

Viscosa and Crataeva religiosa 

Elucidating the effectiveness of medicinal plants (Cleome viscosa and 

Crataeva religiosa) in controlling human pathogenie bacteria such as 

Escherichia coli, Bacillus subtilis, Salmonella typhi, Serratia marcesceNs 

and Klebsiella pneumoniae. 



The results of the study also underline the cost effective, bio friendly resources 

which could be tapped for development of effective drugs in future. 



CHAPTER-III 

LITERATURE REVIEW 

Plants are used medicinally in different countries and are a source of many 

potent and powerful drugs (Srivastava et al.. 2008). A number of herbs with 

significant antimicrobial activity have been reported in ditferent traditional literatures 

(Sathish et al., 1999). Many medicinal plants are used daily in Ayurvedic practices. In 

India more than 7000 medicinal plants are known. According to a report of World 

Health Organisation, more than 80% of World's population depends on tradlitional 
medicine for the primary healthcare needs (Umamaheswari 

et al., 2008). The less availability and high cost of new generation antibiotics 

antimicrobial activity (Poovendran et al., 2011). 

DISTRIBUTION AND MEDICINAL VALUES OF PLANTS 

Crataeva religiosa commonly known as Mavilankai in tanmil is a common 

medicinal plant distributed throughout India and is known to have versatile medicinal 

values. The plant parts used for the medicinal purposes include leaves, stem bark and 

root bark. The plant is used ethnopharmacologically as a diuretic, laxative, 
lithonotriptic, antirheumatic, antiperiodic, bitter tonic, rubifacient and counter iritant 

(Nandakami, 1997). The fruit juice, leaves and bark are used to cure snakebite. 

infected wounds and cuts. It increases the appetite and controls other skin discases 

(Sapkota, 2003) 

Cleome viscosa L., the most commonly occurring species of Cleome is an 

annual herb, seen along the roadsides, wastelands and forest undergrowth commonly 

known as 'wild mustard', it is referred to as Araiveli', "Vela'. Naivela" in 
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Malayalam. The plant is reported to possess rube facient. vesicant. expectorant. 

astringent, antispasmodic, contact insecticidal. repellent. antifeedant. nematicidal and 

anthelmintic properties (Fletchers, 1999: Lakshmi and Bindu, 2011). The leaves and 

secds are used to treat viral infeetions, fever, rheumatisn1 and headache. The roots are 

a remedy for scurvy. The seeds have a pleasant flavour and in India they are uscd as a 

condiment substitute for mustard seed and cumin in the preparation of pickling spices. 

sausages, vegetables, curries and pulses. 

Ckome bwmanni W. and A. is an erect herb commonly known as 

Kattukadku' in Malayalun. The plant possesses anthelminic properties (Lakshmi 

and Bindu. 2011). Apart from this, no other reports exist for the medicinal value of 

the plant. 

Cleome gynandra is used as a medicinal plant and can be found in all over 
world. It grows as a weed in paddy fields and also in roadsides and in open grass 

lands. In India it is never cultivated but grows spontaneously everywhere. Different 

species of Cleome can be found in all states of India. This article briefly reviews the 

botany, pharmacology, biochemistry, folkloric, traditional medical applications of the 

plant and also different possible medical and therapeutic applications established 
through various laboratory researches and papers. The medicinal application of this 

plant is also described in Ayurvedic pharmacopoeia of India and also in other ancient 
medical texts. In Ayurvedic medicine it is a chief constitucnt in Narayana Churna. In 

Ayurveda it is used as an Anthelmentic, in car disease, pruritis and several other 

discases like gastro intestinal disorders and gastrointestinal infections etc. This is an 
attempt to compile and document information on different aspects of Cle0me 
gynandra and highlight the nced for research and development.(Mishra. 2011) 

7 



Cleome rutidospernm possesses diuretic, laxative. anthelmintic. anti-mierobial. 

analgesic. anti-inflammatory. antipyretic, antioxidant. anti-arthrit1c and antiplasmodial 

activities (Bose et a. 2010: Chakraborty and Roy. 2010) Abundance in nature and 

their proven medicinal worth are two factors that make it likely that these plants will 

be used in Ayurvedic drug preparation in due course though presently they are 

consumed merely as cooked vegetables or as decoctions. Therefore a proper 

evaluation of the plant powder is warranted. 

Crataeva religiosa is found in the forest galleries of African Sudanese area. in 

India and Burma (Adjanohoun et al.. 1989). It is found in many parts of Airica where 

it has different uses. In Benin, the plant has different vernacular names: goriguiberou 

(Bariba. northern region). wonton-zonzw en (Fon and Goun. southern region). 

tanilabia and tcharouwenwe (Yoruba. middle and southern region). The leaves were 

used in combination with other plants by traditional healers and local populations as 

analgesic, antispasmodic, antimalarial and antidiarrheic. The decoction of fresh lcaes 

and branches is taken orally to trcat hypertension (Adjanohoun et al. 1989) In rural 

areas in India, it is reported that C religiosa is currently used for the treatment of 
different diseases (Khan et al., 2003). In Benin. the decoction of this spccies was used 

by traditional breeders to treat the digestive disorders of the bred animals such as 

ruminants and Thryonomy's swinderianus. This study looks into the investigation of 

the in vitro antimicrobial activity of extracts and fractions obtained from C. religiosa 

against five pathogen1C Micro-0rgan1sms that cause the most comnmon causes of 

digestive infectious discases in T. swinderianus Temminck breeding in the republic of 
Benin. 



Antimicrobial and phytochemical activity of Cleome viscosa 

Chandrasekaran Swaminathan, 2017 studied the phytochemical analysis. 

antibacterial activity and antioxidant property of Cleome viscosa using ethanol. 

acetone and methanol extracts of leaves. Phytochemical analysis revealed the 

presence of carbohydrates, alkaloids, phytosterols, fixed oils, saponins, phenolic 

compounds and flavonoids. Though all the extracts exhibited antibacterial activity, 

methanol extracts of leaves registered highest antibacterial activity against 

Staphylococcus aureus. The strong free radical scavenging effect was observed with 

ethanol extract at 100 ug/ml which was comparable to that of standard ascorbic acid. 

This study confirmed the broad spectrum antimicrobial activity and free scavenging 

activities of Cleome viscosa L. and could be used as a potential alternative for 

treatment of various ailments. 

Dhanalakshmi et al. 2011 investigated the antimicrobial activity of 

methanolic extract of Cleome viscosa against pathogenic bacteria and fungi 

responsible for common infections. The present investigation may be concluded that 

the plant C. viscosa is endowed with significant antimicrobial due to the presence 

active constituents, there by justifying its use in the indigenous system of medicine. 

Suttijit Sriwatcharakul, 2016 analysed the antibacterial activity of Cleome 

viscosa Linn. using 6 bacterial strains such as Salmonella typhimurium, Pseudomonas 

aeruginosa, Staphylococcus aureus, Streptococcus epidermis, Escherichia coli and 

Bacillus subtilis. The minimum inhibition concentration with gram +ve strains 

revealed that leaf crude extract give the best result of the lowest concentration 

compared with other plant parts to inhibit the growth ofS. aureus, S. epidermis and 

B. subtilis. According to the bioactivities results the leaf crude extract of Ceome 



VINCON Lin is the most interesung plant part lor further work to search the beneticial 

ot this weed 

(7eome riscos L. is well known or ils medicinal properties. Lactam 

onanoic wid |'-anino 9(4oNozeidin--)-nonanoicacid: C,H,, N,O;. mol. WI. 

242] has been isolated tron1 the roots exudates of Cleome viscosa. The aqueous 

solution of this pure conupound has been tested on bacteria (Escherichia coli. 

Pseudomonas deruginosa and Staphvlococcus areus) and fungi (Aspergillus 

fumigates, A. niger and 4. tamari). Ata dosage of S00 ppm and above. P. wruginosa 

and S. aureus were totally inhibited while E. coli remained unaffected. On the other 

hand, growth of 4. niger and A. tamarii was stimulated vwhile there was no elfect on 

A fumigutus. This pure compound showed concentration-dependent inhibitory 

activity on rice. gram and mustard seeds (Anirban Jana and Suprana Mandal Biswas. 

2011). 

Vidhya and Uma vandhana. 2016 reported the phytochemical analysis and 

GC-MS analysis of (eome viscosa leaf parts and the presence of v arious metabolites 

including alkaloids. tlavanoids. glycosides, tannis, saponins. steroids. terpenoides and 
phenolic compounds was analysed. The GC-MS results were noticed in the 

methanolic extracts of Cleome viscosa. The compounds wvere identified by comparing 

their retention time and peak area with that literature and by interpretation of mass 

spectra. The plant C7eome viscosa was used in various industries and its application 

includes wound healing. antioxidant, anti-inflammnatory, antimicrobial and cancer 

preventive. 

Lakshmi sreckumar pillai and Bindu Rajeshwary nair. 2012 studied the 

pharmacognostical and phytochemical characterization of two common road side 
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Weeds, (Ceome viscosa I. and hurmanni W. & A. The study includes the 

macroscopical, microscopical. histochemical. fluorescence. physico-chemical and 

phytochemical analysis Both the species could be distinguished clcarly on the basis 

of all thc pharmacognostic parameters studied. 

Bose et al.. 2007 studied the antimicrobial activity of the cthanol extract and its 

various fractions of Cleome rutidosperna DC. The study revealed the antimicrobial 

activity of the ethanol extract and its different fractions against the tested strains of 

micro organisms. The activities were found to be potentiated by fractionation of 

mother extract (ethanol extract) with highest activity for diethyl ether fraction. The 

present study indicates the potential usefulness of C. rutidosperma in the treatment of 

various pathogenic diseases.p 

Sudhakar et al., 2005 studied the ethanolic extracts of the leaves and flowers 

of Cleome viscosa and roots of Gmelina asiatica were tested for antimicrobial 

activity. The two plants exhibited a broad spectrum of antimicrobial activity. 

particularly significative against Escherichia coli, Proteus vulgaris and Pseudomonas 

aeruginosa. The leaf extract of C. viscosa showed moderate activity against 

pathogenic fungi. 

Asis Bala er al., 2010 evaluated the anticancer activity of methanol extract of 

Cleome gynandra on Ehrlich Ascites Carcinoma treated mjce. 

Antibacterial and phytochemical activity of Crataeva religiosa 

Gowsalya and Saravanababu, 2013 studied the Phytochemical and 

antibacterial activity of chloroform, ethanol and hexane extract of Crataeva religiosa. 

bark samples with respect to three pathogenic bacteria species Enterococcus faecalis. 

11 



E. coli and Staphylococcus. The ethanolic extract of bark was effective than 

chloroform and hexane extract. The bacterium Enterococcus faecalis has more 

inhibition than two other bacterial species studied. Preliminary phytochemical 

analysis revealed the presence of alkaloids. glycosides. flavanoids. tannins. saponins. 

steroids and anthroquinone glycosides. Among the phytochemicals. saponins. 

glycosides and anthroquinone glycosides was shown best in all extracts. 

Sethupandian Geetha et al., 2016 carried out the qualitative phy tochemical 

screening of C. religiosa leaves and stem were studied. Five solvents such as aqueous. 

methanol, ethyl acetate, chloroform and acetone were used to obtain extracts from 

powdered plant parts. The extracts were subjected to qualitative phytochemical 

screening using standard procedures. Results showed that the nine phytochemicals 

such as alkaloids, flavonoids, phenols, tannis, steroids, terpenoids, coumarins. 

quinines and saponins were found. However, catachin was absent in leaves and stem 

extracts. The diversity of photochemical present suggests that C. religiosa leaves and 

stem could serve as a source of useful drugs. 

Latifou Lagnika et a., 2011 screened the antibacterial activity of leaves of 

Crataeva religiosa used in Benin traditional veterinary medicine against bacterial 

infection of Thryonmnys swinderians. Seven extracts from C. religiosa were screencd 

for the bacterial activity was evaluated micro test method and bioautography method. 

The minimum inhibitory concentration and the total were determined. The screening 

experiment revealed that ethyl acetate extract was more potent than other extracts. 

The results provide an evidence for the traditional use of C. religiosa for the treatment 

of infective diseases of T. swinderianus. 
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Udaysing Hari Patil and Dattatraya Gaikwad. 2011 reported the antibacterial 

activity of methanolic extract of Crataeva religiosa bark sanmples with Bucillus 

subtilis. Staphylococcus aureus, Escherichia coli Pseudomonas ueruginosa, 

Klebsiella pneumoneae. Salmonella typhi, Proteus mirabilis and Mierococeus y The 

methanolic extract of apical bark was effective than the middle bark and mature bark 

in inhibiting the growth of all bacteria. The bacterium Staphylococcus aureus was 

most effective among all the bacterial species studied. Preliminary phytochemical 

analysis revealed the presence of alkaloids. glycosides, flavanoids. phenols. saponins 

and terpenoids. The concentrations secondary metabolites was found higher in the 

apical stem bark than the middle and mature stem bark. The percent extract yield was 

maximum in apical stem bark. 

Antibacterial and phytochemical activity of Gynandropsis gynandra and 
capparis sp 

Rajaselvam and Basil Rose, 2016 investigated the antimicrobial and 

phytochemical analysis of different extracts by agar well diffusion method. Five 

bacterial pathogen such as Gram positive - Bacillus subtilis, staphylococcus aureus 

and Gram negative - Escherichia coli, Pseudomonas aeruginosa and Proteus 

mirabilis were used as test organisms. Among the extract prepared in four solvents 

ethanolic extracts were found to possess highest antimicrobial activity against E coli, 

Proteus mirabilis and Pseudomonas aeruginosa. Acetone and chloroform extracts 

showed moderate inhibitory potency and no inhibitory activity was observed when 

tested in the aqueous extract. The phytochemical analysis revealed the presence of 

tannis, terpenoids, saponin and protein. 
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Ogunmefun et al. 2013 reported the phytochemical and antifungal studies of 

two members of the cappardidaccae family which are Gynandropsis gVnadra and 

Buchholzia coriacea. These two plants were screened for the presence of their acive 

constituents. The antifungal activities of the leaves and stem were tested using some 

fungus. The activity of the extract at 200 mg/100ml of methanol was compared with 

methanol as the control and Tioconazole as reference standard. The result of the 

antifungal assay of the plant extracts justifies their use in traditional medicine. 

Ajaiboeya. 2000 examined the leaves and stems of Gvnandropsis gynandra I. 

(Briq.) and Buchholzia coriaceae Engl. (A. Chev.). Two plants were screencd 

phytochemically for the presence of secondary metabolites and in vitro antibacterial 

and antifungal properties respectively. The main secondary metabolites indicated in 

both plants were alkaloids, cyanogenetic glycosides and steroidal nuclues. 

Anthraquinones were slightly indicated. Hexane and methanolic extracts of the plant 

materials of the two plants were screened for antimicrobial properties using eleven 

human pathogenic microorganisms. At a concentration of 200 mg/ml, the extracts 

displayed in both bioassays. Of the eight extracts investigated, B. coriaceae stem 

hexane extract displayed the highest activity. Ampicillin and tioconazole were used as 

standard reference drugs while methanol was included as a solubilising agent as well 

as a negative control in the study. Diameters of zones of inhibition were in the range 

of 10-24 mm for the extracts and drugs. 

Kalpana et al., 2015 tested the ethanolic extracts of Capparis sepiaria L. 

leaves and fruits for antibacterial activity against six species of bacteria. tsing dise 

diffusion technique. Ethanolic fruit extracts showed higher activity than thanolic leal 
Cxtracts of (uppuris sepiria, The results showed that in |000 ppm lel' exract. a 

maximum of 2.1 cm ZI was observed against Bacillus sHhilis tollowed by 2.0 ainst 
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Enterococcus faecalis. The maximum zone was recorded in ethanclic fruit extrac! 

against P'seudomonas aeruginosa. 

Carla Boga et al. 2010 studied the antibacterial activity of C upparis spinosa 

L. roots, which shows an interesting bacteriostatic activity on the growth of 

DeinococcUs radiophilus. Heterocyclic compounds were also recovered from the 

chloroformic extract of the roots. 

Deepa priya et al., 2012 evaluated the antimicrobial activity of hexane, ethy! 

acetate, methanol and aqueous extracts of the leaves of Cupparis zeylunica. Based on 

the results obtained from the zone of inhibition, antifungal activity of crude extracts 

was performed using broth dilution method. Maximum inhibition was recorded in 

ethyl acetate extract. In case if antifungal activity of the aqueous exract has high 

inhibited high growth. In preliminary phytochemical screening of aqueous extract 

have more positive results when compared to other extracts. The results of this study 

present the evidence that Capparis zeylanica given either systematically or topically 

has antimicrobial properties. 

Jigna Parekh et al., 2007 studied the aqueous and methanol extracts of 12 

plants each belonging to different families were evaluated for antibacterial activity 

against medically important bacteria. The in vitro antibacterial activity was performed 

by agar disc diffusion and agar well diffusion method. The aqueous extracts were 

inactive but methanol extracts showed some degree of antibacterial activity against 

the tested bacterial strains. Amongst the plant species screened, methanol extract of 

Bauhinia variegata bark showed best antibacterial activity. 
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Collection and processing of the plant materials 

Crataeva religiosa and Cleome viscosa were collected from the St. Mary's 

College (Autonomous) Thoothukudi. The Leaf and stem of Cataeva religiosa and 

Cleome viscosa were cut into pieces, sun dried to reduce the moisture level. After the 

completion of drying, the plant material was pulverized to get coarser powder 

material, which was stored in air tight plastic container. 

About 10 g of each fine powdered sample was weighed and separately soaked 

in 250 ml of different solvents like petroleum ether, benzene. methanol, acetone, 

ethanol and water. These were allowed to stand for 24 hours at room temperature. All 

the extracts were filtered through Whatman No. 41l filter paper and the filtrate were 

a) Cleome viscosa. Linn 

used for phytochemical analysis and antibacterial activity. 

Common Name 

Class 

CHAPTER-IV 

Subclass 

MATERIALS AND METHODS 

Series 

Order 

Family 

Pili, Talavani 

Dicotyledons 

Polypetalac 

Thalamiflorae 

Parietales 

Capparidaceae 
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Plate 1 : Cleome viscosa.Linn 



Plate 2: Crataeva religiosa Hook & Frost 



Deseription 

(ieome NiseOsJ Linn. is an annual. erce. 30-90 cn high plant. Stem of plant is 

rooved. densely clothed with glandular and simple hairs. I eaves of the plant are 3-) 

foliolate. Lower leaves petioles are 5-5 em long gradually becoming shorter 

upwards. Ihe bracts are subsessile. Leatlets are elliptical oblong or obovate. acute or 

obtuse. Petioles are short and hairy. Flowers are yellow in colour. axillary. growng 
out into a lax raceme. Pedicels are slender. terete and hairy. Sepals are 4.5 cm long 

oblong-lanceolate. glandular-pubescent outside. Petals are oblong-obovate. about 

12 mm long. veined. Stamens are more than 20 in number. Capsules 5-6.3 by 0.4 cm. 

erect. hairy, obliquely striate, compressed, tapering towards both ends, terminated by 

a style 3 mm. long. Seeds are brown-black in colour when ripe, finely transversely 

striate, subglobose 

b) Crataeva religiosa G. Forst 

Common Name : Maralingam 

Class 

Subclass 

Series 

Order 

Family 

Description 

Dicotyledons 

: Polypetalae 

Thalamiflorae 

Parietales 

: Capparidaceae 

A small or medium sized tree with broad terminal corymbs of white flowers. 

which turn yellow soon after opcning: filaments purple. Berry 1-2 in thick globose o 
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Nate. Found here and these occasionally in almost all districts. otten planted. 

Foguent along river banks. Wood yellowish white. even grained but not double. verm. 

Tam. marvillinga: Tel. Uskia man. Voolemara: kan Nirvala: mal. Nir mathalam. 

Preliminary phytochemical analvsis: 

The qualitative phy tochemical test for steroids. quinones. terpenoids. saponims. 

alkaloids. flavonoids, tannins, phenol and coumarin were carried out on the 

concentrated extracts using the standard procedures to identif, the constituents in lcat 

and stem of Coeme viscosa and Crataeva religiosa. The chenmical test for various 

phytoconstituents in the extracts were carried as described below. 

Alkaloids (Mayers test) 

To 1 ml of leaf extract, 6 drops of Mayer's reagent was added. The formation 

of yellowish creamish precipate indicated the presence of alkaloids (Harbone, 1973) 

Saponins (Foam Test) 

1 ml of leaf extracts was mixed with 5 ml of distilled water and shaken and 

observed for the formation of froth, which is stable for 15 min for a positive result 

(Harbone. 1973) 

Tannins (Braymer's Test) 

To l ml of the leaf extract was mixed with 2 ml of water. To these 2 drops of 

5% ferric chloride solution was added. Appearance of dirty green precipitate indicated 

the presence of tannins (Harbone, 1973) 

Steroids : (Salkowski test) 
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chlonde solution was added followed by cone sulphuric acid. Formation of reddish 

ruwn ng at the junction showed the presence ot steroids (Yadav et al.. 2014). 

lo l ml of the leat extract, With ml of water. To these 2 drops of 5% ferric 

Terpenoids 

To nl of the leat eNIract as mixed with ml ot acetic acid. To these 

irops ot conc sulphuri acid. Deep red colour development showed the presence of 

terenods (Yada el al.. 2014) 

Coumarins 

To ml of the leaf extract was mixed with 3 ml of 10% sodium hv droxide. 

Apearance of vellow colouration indicated the presence of coumarins (Yadav et al.. 

2014) 

Phenols 

To 1 ml of the leaf extract was mixed with 30o ferric chloride solution was 

added. Appearance of deep blue colour indicated the presence of phenol (Kokate. 

2000) 

Flavonoids 

To 1 m! of the leaf extract was mixed with I m! of sulphuric acid. Appearance 

01 0range colour indicates the presence of tlaonoids (Kokate. 20001 

Quinones 

To 1 m! of the leaf exIract was mixed with 5 ml of HCL. Appearance of 

:10* colour precipitate indicates the presence of quinones (Kokate. 2000) 
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Antibacterial activity -- Disc diffusion Assav (Bauer et al.. 1966). 

Antibacterial activity of cach plant extract was analvsed using human 
pathogens., Gram positive bacteria, Bacillus subtilis and Gram negative bacteria 

Escherichia coli. Salmonella yphi, Pseudomonas deruginosa and Klebsiella 

pneumonia and Serratia marcescens obtained from the Department of Botany: St. 

Mary's College (Autonomous), Thoothukudi. Each bacterial pathogen was 

subcultured in agar medium and maintained. What man No.l sterile filter paper discs 

(6mm) were impregnated with different plant extract concentrations0.5 ng/ml. 

I mg/ml, 1.5 mg/ml, 2 mg/ml, 2.5 mg/ml and 3 mg'ml and dried aseptically at room 

temperature. The spread plates were prepared by proper concentration of inocula. 

Each sample loaded disc was placed in the seeded agar plate. After 24-48 hours of 

+37°C incubation, the diameter of the inhibition zone was measured. For positive 

control, streptomycin disc (100 ug/ml) was used, whereas for negative control, 

respective solvents were loaded on sterile discs. All the assays were carried out in 

triplicates. The leaf and stem extract concentration which has effected minimum 

inhibition (MIC = 2.5 mg/ml) was used for further studies. 
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CHAPTER-V 

RESULT AND DISCUSSION 

Plants are very rich and useful source of primary and secondary metabolites 
like proteins. lipids, carbohydrates, alkaloids. flavonoids, terpenoids, tannins. etc. 

These metabolites are useful for the human being for the treatment of various 

illnesses. Determination of phytochemical profile of plants is an indication of the 

class of compounds present in the plant. \Various phamacological activities are 

expressed by medicinal plants based on the (ype and common of secondary 

metabolites (Jegede et al. 2011). The result of the phytochemical sereening of the 

leaves and stem of Cleome riscosa and Crataeva religiosu and the yicld of each 

extract are presented in Table (1 to 4). Methanol. ethanol. benzene. acetone and 

petroleum ether of Cleome viscosa and Crataeva religiosa were tested with various 

Teagents to detect the presence of phytochemicals. Majority of the compounds were 

present in the ethanolic and methanolic extracts of Cleome viscOsa and ratdera 

Feligiosa. Saponins. flavonoids, phenol. terpenoids, steroids. coumarins and tannins 

Were detected in both Cleome viscosa and (ralaeva religiosa. 

Saponins have great pharmaceutical importance as it has antioxidant. 

anucancer, anti-inflammatory and antifungal properties and is used to treat hyper 

liosterolaemia and hvper-glvcemia (De Lucca et al.. 2005). Flavonoids have been 

,ted to possess many useful properties, including anti-inllmatory, oCstrogenc. 
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Table 1 : Prelimilary phoytochemical analysis of Cleone viscosa leaf extracted 

Phytochemical Methanol 

Phenol 

Tannin 

Coumerins 

Saponins 

Quinons 

Steroied 

Flavonoied 

Alkaloied 

Terpenoied 

+ 

with different solvent 

Ethanol Benzene 

+ 

+ 

+=indicates presence of phytochemicals. 

-= indicates absence of phytochemicals 

+ 

Acetone 

+ 

Petroleumether 



hle: I'reimin ary phytochemical analy sis of Cleome viscosa of stem extracted with different solv ent 

Phvtochemical Methanol 

Pheno! 

Tannin 

Coumerins 

`avnins 

Quinons 

Steroied 

Flavonoied 

Alkaloied 

Terrenoied 

Ethanol Benzeme 

+=indicates presence of phytochemicals. 

-=indicates absence of phy tochemicals 

Acetone Petroleumether 



Table 3: Preliminary phytochemical analysis of Crataevu religiosa of leaf 

Phytochemical Methanol 

Phenol 

Tannin 

Coumerins 

Saponins 

Quinons 

Steroied 

Flavonoied 

Alkaloied 

extracted with different solvent 

Terpenoied 

Ethanol Benzene 

+= indicates presence of phytochemicals. 

-= indicates absence of phytochemicals 

Acetone Petroleumether 



Table 4: Preliminary phytochemical analy sis of Crataeva religiosa of stem 
extracted with different solvent 

Phytochemical Methanol 

Phenol 

Tannin 

Coumerins 

Saponins 

Quinons 

Steroied 

Flavonoied 

Alkaloied 

Terpenoied 

+ 

+ 

Ethanol Benzene Acetone 

+ 

+ 

+ 

+=indicates presence of phytochemicals. 

-= indicates absence of phytochemicals 

+ 

Petroleumether 

+ 



DZVMe inhibition, aniicrobal. anti-allergic, anioxidant. vascular and cvloloxe 
anutunOur activiieS (Mav steen. 1990), Phenols are of grcat mmportance s hey 
protcct the human body from the oxidative streSs, which cause many discse. 

including cancer, cardiovascular problems and ageing (Robards et al.. 1990). Steroids 

are alsO of interest in pharmacy dye to their relationship with sex hormones. 

Ternenoids are attributed for analgesic and anti-inflammatory activities (Santhi et al 

01) Tannins have received considerable attention in the ficld of nutrition, hecalth 

and medicine due to their antioxidant, antimicrobial, and anti-inflammatory properties 

(Santos-Buelga and Scalbert, 2000). Coumarins are potential antioxidants (T seng. 

1999). Emodins have many biological effects such as anti-cancer, anti-microbial and 

anti- inflammatory effects (Wang et al. 2007). 

Flavonoids, terpenoids and alkaloids were found in all five extracts of (Ieome 

viscOsa. Terpenoids and phenols were found in all five extracts of (ruteara religiova. 
Rests of the phytochemicals was moderate/ race amounts. (omparcd to C 1isCOsa. 

C religiosa showed the presence of more phytochemicals. Hence this plant should he 

evaluated further to assess its phytotherapeutic properties. 

The presence of antibacterial substance in the higher plants is well established 

(Srinivasan, 200). Plants have provided a source of inspiration for novel drug 

Compounds as plants derived medicines have made significant contribution toWards 

numan health. Phytomedicine can be used for the treatiment of diseases as is done in 

Case of Unani and Avuredic system of medicines or il can be the base for the 

evelopment of a medicine, a natural blueprint for the development ot a drug (Didry 

t al 1998). Successive isolation of botanical compounds rom plant material is 

gely dependent on the type of solvent uscd in the extraction procedure The 

itonal healers use Drimarily water as the solvent but we found in this studi the 



.hle 5: Antibacterial activity of Cleome viscosa leaf extracted with different solvents against human pathogens 

Solvent 

Ethanol 

Control 

Benzene 

Acetone 

Methanol 

Petroleum 
ether 

Streptomycin 

Plant extract 

E. coli 

(2.5mg/ml) 

10 

B. subtilis 

(2.5mg/ml) 

10 

No sensitivity 

15 

= Streptomycin (100 ug/ml) 

Inhibition Zone in mm 

h. Pueumonia 

(2.5mg/ml) 

10 

6 

2.5 mg/ml (effective concentration) 

S. yphi 

(2.5mg/ml) 

) 

NS 

S. Murcesens 

(2.5mg/m) 

NS 

10 



S 

No. 

2 

3 

4 

5 

6 

Lle 6 : Antibacterial activity of Cleome viscosa stem extracted with different solvents against human pathogens 

NS 

Solvent 

Ethanol 

Control 

Benzene 

Acetone 

Methanol 

Petroleum 
ether 

Streptomycin 

Plant extract 

E. coli 

(2.5mg/ml) 

16 

NS 

10 

NS 

NS 

10 

B. subtilis 

(2.5mg/ml) 

NS 

= NO Sensitivity 

12 

5 

11 

13 

Streptomycin (100 Hg/ml) 

Inhibition Zone in mm 

K. Pneumonia 

(2.5mg/ml) 

15 

8 

10 

NS 

5 

11 

-2.5 mg/ml (effective concentration) 

S. typl1i 
(2.5mg/ml) 

6 

6 

10 

15 

S. Marcescence 

(2.5mg/ml) 

9 

7 

10 

12 

10 



-Lle 7 : Antibacterial activity of Crataeva religiosa leaf extracted with different 
solvents against human pathogens 

S. 

No. 

1 

2 

3 

4 

5 

6 

Solvent 

NS 

Ethanol 

Control 

Benzene 

Acetone 

Methanol 

Petroleum 
ether 

Streptomycin 

Plant extract 

E. coli 

(2.5mg/ml) 

11 

11 

7 

14 

10 

11 

B. subtilis 

(2.5mg/ml) 

14 

= NO Sensitivity 

7 

NS 

11 

9 

15 

= Streptomycin (100 ug/ml) 

Inhibition Zone in mm 

K. pneumoniam 

(2.5mg/ml) 

14 

=2.5 mg/ml (effective concentration) 

12 

11 

7 

10 

S. typlhi 
(2.5mg/ml) 

5 

11 

NS 

11 

S. Marcescens 

(2.5mg/ml) 

6 

4 

11 

10 



Table 8: Antibacterial activitv of Crataeva religiosa stem extracted with different 

S. 

No. 

3 

4 

5 

6 

Solvent 

Control 

NS 

Ethanol 

Benzene 

Acetone 

Methanol 

Petroleum 
ether 

Streptomycin 

Plant extract 

solvents against human pathogens 

E. coli 
(2.5mg/m) 

10 

10 

10 

10 

11 

B. subtilis 

(2.5mg/ml) 

15 

= NO Sensitivity 

15 

13 

10 

10 

= Streptomycin (100 ug/ml) 

Inhibition Zone in mm 

K. Pneunonia S. (yphi 
(2.5mg/ml) (2.5mg/ml) 

15 

10 

13 

5 

15 

=2.5 mg/ml (effective concentration) 

NS 

10 

6 

NS 

10 

16 

S. Murcescens 

(2.5mg/ml) 

7 

10 

10 



Plate 3: In vitro antibacierial acivitv of Cleome viscosa leaf and stem extract 

against human pathogens 

Cleome viscosa stem extract against 
E.coli 

Cleome viscosa leaf extract against 
K. pneumonia 

Fet.. 

positive control. 

Cleome viscosa stem extract against S. marcescens 

Antibacterial activity is revealed as clear zone around the disc and is represented as 

O Inhibition. E - Ethonal B-Benzene. A - Acetone. M- Methonal. P 

Petrolcum ether. extract of plants (2.5mg/ml). S - Streptomycin (100 ugml ) -



Plate 4 : In Vitro antibacterial activity of f Crataeva religiosa leaf and stem 

extract against human pathogens. 

Crataeva religiosa leaf extract against 
B. Subtilis 

Petroleum cther. 

Shano! 

positive Control. 

Crataeva religiosa leaf extract 
against E.coli 

ehanol 

Antibacterial activity is revealed as clear zone around the disc and is represented as 

Z0ne of inhibition. E - Ethonal, B � Benzene, A - Acetone, M - Methonal. P-

Crataeva religiosa stem extract against B.Subtilis 

extract of plants (2.5mg/ml). S - Streptomycin (100 mg/ml ) -



plant extracts by ethanol provided more consistent antimicrobial activ ity compared to 

those extracted by water 

the present study. antibacterial activity of twO plant extracts (Cleome 

VSCOSa and Crataevu religiosa) of five different solvents were tested against five 

human pathogenic bacteria viz.. Escherichia coli, Bacillus subtilis, Klehsiellu 

pneumonia, Salmonella typhi and Serratia marcescens were presented in table (5 to 

R The diameter of the inhibition zones against these species ranged from 4 to 

1k mm. As shown in Table 6, ethanolic extract of Cleome viscosa stem exhibited 

maximum activity against E. coli (16 mm). Similarly petroleum ether and acetone 

extract of Cleome viscoa stem inhibited the growth of S. marcescens and B. subtilis by 

showing 12 mm of inhibition zone. K. pneumonia was seemed to be more sensitive to 

ethanolic extract of Cleome viscosa stem in comparison with other pathogens. In case 

of leaf extract of Cleome viscosa, the highest activity (zone of inhibition of 11 mm) 

was demonstrated against K. pneumonia while the lowest activity (inhibition zone of 

4 mm) was demonstrated against E. coli. The results obtained from the study 

concurred with earlier reports (Saradha and Subba Rao. 2010). 

The methanolic and ethanolic extracts of Crateva religiosa leaf shown the 

nost effective and highest activity against B. Subtilis, E. coli, and K. pneumonia 

4 mm) followed by benzene extract with highest activity against K. pneumonia 

12 mm) E. coli ( 11 mm ). S. yphi (9 mm) and B. Subtilis (7 mm). The acetone 

extract showed slight activity against test bacterial pathongens with the zone size 
S8 Irom 4 mm to 1l mm. Ethanol and benzene extract of Crateva religiosa stem 

il showed an inhibition Zone of 15 mm diameter against B. subtilis (Table 8). In case 

of stem extract of Crateva religiosu, the highest activity (inhibition zone of 15 mm). 
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The acetone extract of Crateva religiosa stem showed iowest activity against 

S. Marcescens (5 mm). 

Various workers have already shown that Gram positive bacteria are more 

susceptible towards plants extracts as compared to Gram negative bacteria (Lin et al. 

1999; Parekh and Chanda, 2006). These differences may be attributed to fact that the 

cell wall in Gram positive bacteria is of a single layer, whereas the Gram negative cell 

wall is mnultilayered structure (Yao et al., 1995). Alternatively, the passage of the 

active compound through the Gram negative cell wall may be inhibited. It is though 

that observed differences may result from the does used in this study. In addition, 

microorganisms show variable sensitivity to chemical substances related to different 

resistance levels between strains (Cetin and Gurler, 1989). 

Variation in antibacterial activity may be due to the method of extraction, 

solvent and season at which samples were collected. Therefore it is concluded that 

Cleome viscosa and Crataeva religiosa plants used in the present study could be 

effectively processed to be utilized as a source for antibacterial therapeutic drug 

preparations. 
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CHAPTER-VI 

remedies or 

SUMMARY AND CONCLSION 
India is richly endowed with a wide variety of plants having medicinal value 

These plants are widely uscd by all sections of the society cither directly as tolk 
indirectl} as pharmaceutical preparation of moderm medicine. 

Phytochemicals with biological activity have a great utility as pharmaceuticals and 
pharmacological actions. The Preliminary phytochemical studies revealed the 
presence of phytoconstituents such as terpenoids. flavonoids. alkaloids. coumarins. 
phenols, steroids, quinones, saponins and phenols. In this study the leaf and stem of 

Cleome viscosa and Crateava religiosa have a various chemical groups in their 

chemical composition. It revealed some differences in the constituent of the two parts 

of the plant tested. Flavonoids. terpenoids and alkaloids were found in all five extracts 

of Cleome viscosa. Terpenoids and phenols were found in all five extracts of 

Crateava religiosa. Rests of the phytochemicals was moderate trace amounts. 

Compared to C. viscosa. C. religiosa showed the presence of more phytochemicals. 

Hence this plant should be evaluated further to assess its phy totherapeutie properties. 

Medicinal plants have antimicrobial properties. The extracts of Cleome 

Viscosa and Crateava religiosu have the antibacterial activity. As shown in Table 6. 

ethanolic extract of Cleome viscosa stem exhibited maximum activity against E coli 

o mm). In case of stem extract of Crateva religiosa. the highest activ ity (inhibition 

cone of 15 mm), The acetone extract of Crateva religiosa stem showed lowest activ ity 

2ainst S. Marcescens (5 mm). In case of leaf extract of Cleome viscOsa the highest 
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activity (zone of inhibition of 11 mm) was demonstrated against K. pneumonia while 
the lowest activity (inhibition Zone of 4 mm) was demonstrated against E. coli. The 

methanolic and ethanolic extracts of Crateva religiosa leaf shown the most effective 
and highest activity against B. Subtilis, E. coli, and K. pneumonia (14 mm). It is 

concluded that, in the present study, both the plants contain potential antibacterial 
components that may be useful for evolution of pharmaceutical for the therapy of 

ailments. Although the extracl active plant principles such as flavonoids, alkaloids. 

phenol and tannins were observed in these extracts. The study has therefore justified 

dhe use of the plant is ethanomedicine. Further studies are needed with this plant to 

identify the unknown functional groups, isolate, characterize and elucidate the 

structure of the bi0active compounds which are responsible for the antimicrobial 

activity and other medicinal values. 

26 



Ajaiboeya, E.O. 2000. Original article Phytochemical and antimicrobial studies 

REFERENCE 

ofGynanandropsis gynandra and Buchholizia coriaceae extracts. Afr. J. 
Biomed. Res.. 3:161 - 165. 

Anirban Jana and Suparna Mandal Biswas, 2011. Lactam nonanic acid, a new 

substance from Cleome viscosa with allelopathic and antimicrobial properties. 

Journal of Bioscience. 36:27-35. 

Asis Bala, Biswakanth Kar, Pallab, K.. Haldar, Upal, K., Mazumder and Samit Bera. 

2010. Evaluation of anticancer activity of Cleome gynandra on Ehrlich's 

Ascites Carcinoma treated mice. J. Ethnapharm. 129:131-134 

Balaji. R, V. Suba, N. Rekha and M. Deecaramam, 2009. Hepatoprotective activity 

methanolic fraction of Jatropha curcas on aflatoxin b, induced hepatic 

Carcinoma, International journal of physical sciences vol.2:287-296 

Bauer, A.W., W.M.Kirpy, J.C.Sherris and M.Turcck. 1996. Antibiotic susceptibility 

testing of a standardized single disk method. Am.J.Clin. Pathol., 45(4):493 

496 

Bose, A., Mondal, S., Gupta, J.K., Ghoshi, T., Si, S. and Debbhuti., D. 2007. A study 

on antimicrobial activity of Cleome rutidosperma DC, Jouwnal of natwal 

remedies. 7(1 ): 13 

27 



Rose A. Smith. PJ. Lategan. L.A., Gupta. J.K. and Sudam. SL. 2010, Stud1es on 

anti-plasmodial activity of Cleome 

Phurmaceutica-Drug Research.. 673): 315-318. 
rutidosperna 

Carla Boga, Luciano Forlani. Rocco Calienni. leresa indley. Alejandro 

Hochkoeppler. Silvia Tozzi and Nicola Zanna. 2011. On the antibacterial 

activity of roots of Capparis spinosaL Nat. Prod Res 25(4):417-421. 

NO:2231-6876:8473-8478 

lcta polontue 

Chandrasekaran Swaminathan, 2017. Evaluation of Antibacterial and Antioxidant 

properties of Cleome viscosa L. Indo Amer J Pharmaceut. Res. ISSN 

De lucca, A., Cleveland. T.. Rajasekara, K.. Bouc. S. and Brown. R. 2005. Fungal 

properties of CAY-1, a plant of saponin. for enmerging fungal pathogens, 45" 

interscience conference in antimicrobial agents and chemotherapy abstract, 
F.490, 1 80. 

Deepa priya, R., Jacintha Jasmine, D. and Agastian. P. 2012. n l'itro Antibacterial 

and Antifungal Activity of Capparis zeylancia Linn. Leaf Extracts. J Pharm, 

Res., 5(8);4449-4453. ISSN: 0974-6943. 

Dhanalakshmi, D., Sathis Kumar, M., Sravan Prasad, Venkateshwarlu Koli. B. 

Pawan Kumar and Harani., A. 2011. Antimicrobial activity evaluation of 

Cleome vicosa Linn. Pelagia research library Eurobean journal of 

experimental biology. 1 (1):103-110. 

Fletchers, R. 1999, Cleome gnandra. The Australian ncw crops News letter, 11. 

28 

Gowsalya, P. and Saravanababu, 2013. Phytochemical and antimicrobial activity of 

selected microorganism of bark extract of the plant Crataeva religiosa 



International journal ot pharmaceutical & biological archives l(6):1 79-18. 

ISSN 0976-3333 

Harbone. J.B. 1999, Phytochemical Method. Chapman and Hall. London. 60-66. 

Havsteen, B. 1990. Flavonoids a class of natural products for antimicrobial agents. 

Eur. J. Clin. Microbial. Infect. Dis.. 9. 455-61. 

Jegede. LA.. Ibrahim. JA. and Kunle. O.F. 2011. Phvtochemical and 

pharmacognostic studies of the leaf and stem bark of Anthocleista vogelii. 

JMPR. Academic Jownals. 5(26):61 36-6139. 

Jigna parekh and Sumitra Chanda, 2007. Antibacterial and Phytochemical studies on 

twelve species of Indian medicinal plants. Af:. J. biomedi. Res. 10:175-181. 

ISSN 1119-5096 

Kalpana, B. and Prakash, M. 2015. Original Research Article Antibacterial Activity of 

Capparis sepiaria L. (Capparidaceac) Leaves and Fruits lnt. J. 'urr. 

Microbiol. App. Sci., 4(1): 1007-1012. 

Kokate, C.K. 2000. Practical Pharmacognosy, Vallabh Prakashan. Dellhi. 107-111. 

Lakshmi Sree Kumar Pillai and Bindu Rajeswary Nair, 2012. Pharmacognostical 

standardization and phytochemical studies in Cleonne viscosa L. and Cleome 

burmanni W.and A. (Cleomaceae). J. Pharm. Res., 5(2):1231-1235. 

Latifou Lagnika, Eugenie Anago, Menove Atindehou, Brice Adjahoutonon, Karim 

Dramane and Ambaliou Sanni, 2011. Antimicrobial activity of Crateava 

religiosa Forst against bacteria isolated from Thryonomys Swinderianus 

Temminck. Afr. J. Biotech., 10(49), pp. 10034-10039. ISSN 1684-5315. 

29 



ulerod, (GD.. Ismail. A. Basheer. RIL and Baharudin, HM. 1999, Antimicrobial 

effects of guajava extract as one mechanisn1 of its antidiaharrhoel action. 

Malay. J Med. Sci.. 6:17-20. 

Nandakani. A.K. 1997. Indian material medica. popler publication Py. Ltd. 

Mumbai. 387. 

Ogunmefun. 0.T. and Ajaiyeoba. E.O. Phytoclhemical analysis and Antifungal 

activities of Gynandropsis gynandra (spider flower)and Biuchholzia coriacea 

(musk tree) (Family:Capparidaceae) on some common fungal isolates Journal 

of biological sciences and bioconservation. 5(1):75-85. ISSN: 2277-0143 

Perumal Samy R, Ignacimutu S, Patric Raja D, 1999. Preliminary screening of 

ethnomedicinal plants from India. J. Ethnopharn., 16:235-240. 

Poovendran, P, vidhya, N. and Murugan. 2011 Antimicrobial activity of Mirabilis 

Jalapa and Dichrotachys cinera against biofilm and extended spectrum of beta 

lactamase(ESPL) producing uropathogenic Escherichia coli. 5(22) : 3620 
3623 

Rajaselvam. J. and Basil Rose, M.R. 2016. In vitro antibacterial activity and 

phytochemical analysis of Cleome gynandra Linn leaf extracts against human 
pathogens. International journal for research in applied science & 

engineering technology (1JRASET), Volume 4 issue VIll ISSN:2321-9653 JC 
Value :13.98. :793-796 

Rajesh, C., Patil, Swati, D., Wavhal, Sunil, S., Yadav and Vaibhav, Deshpande, D. 
2012. Antibacterial and bioenhancing Activity of Ethvl Acetate Extract of 
Cleome rutidosperma Leaves. J. Pharm. Res., S(1):557-559; ISSN:0974-6943 

30 



Robards, K.. Prernzler. 

Phenolic compounds and their role in oxidative processes in fruits. Food 
Chem.. b6:401-36, 

PD. Tucker, G., Swatsitang. P. and Glover, W. 1990. 

Santhi. R.. Lakshmi. G. Priyadharshini. A.M. and Anandaraj. L. 2011. 
phytochemical screening of Nerum oleander leaves and Momordica 
ohrantia leaves. Inter. Res. .J Pharm. 2:131-135. 

Santos-Buelga, C. and Scalbert, A. 2000. Proanthocyanidins and tannin like 

compounds-nature, occurrence, dietary intake and eflects on nutrition and 

health. J. Sci. Food Agri., 80:1094-1117. 

Sapkota J. 2003. Biologically active pentacyclic triterpenes lupeol and their current 

medicine significations. Journal of Applied Biomnedical.31:7-12. 

Saradha, J.K. and Subba Rao, S. 2010. In vitro antibacterial activity of Cleome 

viscosa Linn. Pharm Sci Mon.n, 71-78. 

Sathish, S, Raveesha, K.A, janardhana, G.R. 1999, Antibacterial activity of plant 

phytopathogenic Xanthomonas extracts of 

Lett.App.Microbial., 28: 145-147. 

Campestris pathovars. 

Sethupandian Geetha, Kokkajah Irulandi, Sinthia Ganesan and Palanichany. 2016 

Preliminary phytochemical screening of different solvent extracts of leaves 

and stem of Crataeva religiosa hook &frost. Inter. J Bot. Slud. X. Innpact 

lactor :RJIFS.12 1(4): 24-26. ISSN:2455-541 

Sudhkar, M, Rao, ch.V., Rao, D.B. 2005. Evaluation of antimicrobial activin of 

CIeome viscosa and (imeliu asiatica 006. 77():47-49. 

31 



Suttijit 
Siwatcharakul. 2016. Antimicrobial, Antioxidant and cyMotoxic activities of 

(eoe lisCOsA Linn. (rude extracts. World academy of science, Engineering 

d lechnologr Inter. J Bioengineer. Lite Sci.. 10(7):435-438. 

Tseng. A. 1999. 
Chemoprevention of tunors in MTV-H ras transgenic mice with 

coumarins. Proc. Am. AssOC CaIcer Res.. 32:2257. 

Udaysing Hari Patil and Dattatrva K. Gaikwad. 2011. Different bactericidal potential 

and phvtochemical cvaluation of ralaeva religiosa stem bark International 

journal of Pharma. Researeh & developmen 0nline (IPRD), Pluttorm tor 

pharmacetical researches und derelopments ISSN:0974-9446. Publication 

ref no.: IJPRD/PUB/ARTIVOV-2/1SSUE-11/012:82-88 

Vidhya, R. and Umavandhana, R. 2016. Phytochemical screening and GC-MS 

analysis of methanolic leaf extract of Cleome viscosa L. Indo- Asi. J. 

Multidiscip. Res. (LAJMR) 2(6):863-868. ISSN-2454-1370. 

Umamaheswari, A. Shreevidya, R. and Aparna Nuni. 2008./n vitro Antibacterial 

Activity of Bougainvillea spectabilis leaves Extracts.Advances in biological 

Research. 2(1-2) :01-05. 

Wang, C.H., Gao, Z.Q., Ye, B., Cai, J.T., Xie, C.G., Qian, K.D. and Du. Q. 2007. 

Effects of Emodin on pancreatic fibrosis in rats. World J. Gastroenterol. 

13:378-382. 

Yadav, M., Chatterji, S., Gupta, S.K. and Watal, G. 2014. Preliminary phytochemical 

screening of six medicinal plants used in traditional medicine. Int. J Pharm 

Pharm Sci. 6(5):539-542. 

32 











































































































































{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

