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PREFACE 

Chemical sciences and Biological science play an important role in the evolutionary 

concept of the living world.   This book Recent Trends Innovation Chemical and Biological 

Science: An Approach towards Qualitative and Quantitative Studies and Applications is a 

considerable effort taken by different authors in the discipline to provide new 

methodologies of research, its applications, and practical inducements of chemical 

sciences and Biological Science. The various themes in the book such as application of 

biological  organisms, ethnomedicinal  used in different  human disorder, biological 

activity of Indian medicinal plants, Ethnobotanical study, Ecofriendly energy, 

Transplastomic plants, Role of Sacred Groves in Biodiversity Conservation, Medicinal 

property  rich plants comphora and different traditional parts in India its application. It 

covers topic from environment science like effect of toxic chemical on environment. Also 

covered point from pharmacognosy like as the pharmacological property of 

Euphorbiaceae. It cover topic like phytochemistry biochemistry and active ingredients 

Indian medicinal plants. From chemical science subject like organic and inorganic and as 

well as applied chemistry included such as the Inorganic  

Metal Oxide-Polymer Nanocomposites For Near Infra-Red, QSAR: A Useful Tool of 

Computational Chemistry for Designing New Drug and Predicting Their Biological 

Activities. It also cover there under medicinal and computational chemistry. This book acts 

as an intermediary manual between Chemical sciences with other disciplines paving a way 

for ideas to new research in the respective arena. The experiments described in the boom 

chapters are such as should be performed by everyone beginning the study of chemistry, 

and would also serve as an excellent introduction to a course of qualitative and 

quantitative analysis. All scientists, academicians, researchers, and students working in 

the fields of chemistry, biology, physics, materials science, and engineering, among other 

fields, will find this book quite valuable.  

 This book with valuable book chapters from eminent scientists, academicians, and 

researchers will surely be a part of almost information for the coming new research taken 

by the researchers in the field of chemical sciences and other disciplines in the future. 

 

 Dr. Bassa Satyannarayana 

 Mr. Mukul Machhindra Barwant 
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ABSTRACT 

India has a long history and strong base for Ayurveda, which is the traditional herbal medical 

system. Herbal plants play an important role in the prevention and treatment of human 

diseases. People have used plants as traditional medicine for thousands of years. The 

Navagraha plant consists of a group of nine herbs representing his nine planets in the celestial 

system. Combining all 9 herbal plants in one garden brings health, prosperity and wealth. These 

Navagraha herbs have the potential to treat many types of ailments. All herbs have been used 

since ancient times. Some herbs have been standardized and validated for different types of 

pharmacological activity. The purpose of this article is to promote Indian culture and 

popularize these Navagraha plants to the people. Therefore, more research work should be 

done on these Navagraha plants. 

KEYWORDS: Indian tradition, Navagraha, Medicinal plants, Ayurveda, Potential therapeutic 

use. 

INTRODUCTION  

Humans have been familiar with plants since the dawn of time and have used them in many 

ways over the centuries. In searching for food and successfully coping with human ailments, 

primitive man began to distinguish between medicinal plants and other plants with distinct 

pharmacological effects. This relationship between plants and humans has grown and many 

plants have been used as medicines. Knowledge of how to cure disease continues to grow, and 

many new plant-derived medicines have also proliferated(1). Navagraha-Vatika or Navghra 

plants are themed botanicals of the nine sacred trees, plants and shrubs of the Indian planet. In 

the Navgrah Vatika or Navgrah plant, trees are planted in specific directions to benefit from the 

nine planets or graha. Each plant represents a different celestial energy of the Navagraha vatika, 

so the Vatika is made to hold the power of the nine planets. Generates positive energy purifies 

the air and eliminates Vastu Dosh and plants are also useful in treating many diseases. These 

nine plants also bring health, money and prosperity(2). Several research studies have been 

conducted on various types of navgrahas plants. We hope that this review will raise awareness 

of these sacred Navgrah plants, which are important as better remedies for various ailments. 

The plants known as Navgrah plants are included in Table 1. 

Biotechnology Department,  
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Table 1: List of Navagraha Plants 

Sr No. Botanical Name Plant Denoted 

For Planet 

Hindi Name Part of Plant Used 

1 Achyranthes aspera Mercury or 

Budha 

Chirchitta   Seeds, Roots, Shoots 

 

2 Ficus racemose Venu or Shukra Goolar   Leaves, Fruits, 

Latex, Bark, Roots 

3 Butea monosperma  Moon or 

Chandra  

Dhak, Palash, 

Tesu 

Flower, Leaves, Bark, 

Seeds 

 

4 

Ficus religiosa  Jupiter or Guru  Peepal Stem, Bark, Fruits, 

Buds, Latex 

5 Calotropis procera  Sun or Surya Aak, Madar  Bark, Root, Leaves, 

White Latex 

6 Acacia catechue  Mars or Mangal  Katha, Kher  Heartwood Extract, 

Bark, Fruit, Leaves 

7 Imperata cylindrical Ketu  Uloo, Sirhu, 

Dabh 

 Flower and Roots 

8 Prosopis cineraria  Satrun or Shani  Khejri, Khejra, 

Jand, Thand 

Bark, Pods, Leaves 

9 Cynodon dactylon Rahu Dhoob,Dhruv Whole plant 

 

ACHYRANTHES ASPERA 

Achyranthes aspera (Amaranthaceae) commonly known as Prickly Chaff flower (English) is 

traditionally used for treating a number of ailments. Different parts of the plant are used in 

treating wounds and ringworm in East Africa. The plant is popular in folk remedy in traditional 

systems of medicine in tropical Asia and African countries. Its diverse uses in the various 

traditional health care systems include the treatment of fever, wound healing, tooth ache, 

arthritis, gynecological disorders, urinary disorders, insect and snake bites, abdominal tumor, 

stomach pain and a number of other ailments. In east Africa the plant is used for treating 

tonsillitis, head wounds and ringworm. Different plant parts (root, stem, leaf, inflorescence, and 

seeds) are used individually for treating different illnesses, though the whole plant is also often 

used. (3) The major chemical constituent present in the herb are hentriacontane, achyranthes 

saponins (A, B, C, D), betaine, achyranthine, trans13-docasenoic acid, beta-sitorol etc. There are 

many pharmacological activities of the Achyranthes aspera. It has anti-asthmatic activity, anti-

cancer activity, antimicrobial activity, anti-diabetic activity, diuretic activity, hepatoprotective 

activity, anti-oxidant activity, anti-arthritic activity, cardiovascular diseases, immune-

modulatory activity, prothyrodic activity. (3) 

FICUS RACEMOSA 

It is an evergreen, moderate to large-sized spreading, lactiferous, deciduous tree 15-18 m high, 

without prominent aerial roots. The plant is found in mostly parts of India like Rajasthan, West-
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Bengal, Orissa, Himalayas, Bihar, Southern part of India, Uttar-Pradesh. It grow itself and also 

cultivated in some parts. The major chemical constituents present in the herb aresterols, tannins, 

flavonoids, triterpenoids, alkaloids, saponin gluanol acetate, beta-sitosterol, leucocyanidin-3-O-

beta-D-glucopyrancoside, leucopelargonidin-3-O-alpha-L-rhamnopyranoside, lupeol acetate, 

upenol, stigmasterol, taraxerone, hexacosanoate, euphorbol, cycloartenol, palmitic acid, 

taraxerol, tirucallol, trimethyl ellagic acid. There are many pharmacological activities of the 

Ficus racemose. It hasantibacterial activity, analgesic activity, anti-inflammatory activity, 

antipyretic activity, anti-tussive activity, hypotensive activity, anti-filarial activity, antioxidant 

activity, platelet aggregation inducing activity, anti-cancer activity, antidiuretic activity, 

hepatoprotective activity, anti-parkinson activity, wound healing activity, larvicidal activity, 

memory enhancing activity, cardioprotective activity, antinociceptive activity (4) 

BUTEA MONOSPERMA 

Butea monosperma (palash) belonging to family leguminosae-papilioneae is a medium-sized 

deciduous tree. The Butea monosperma tree is also known as ‘flame of the forest’ and bastard 

teak. It grows throughout all over the Indian subcontinent. About the tree it is said that the tree 

is a form of agnidev, the god of fire and goddess Parvati punishes him (agnidev) for disturbing 

her and lord Shiva’s privacy(5).The leaves are good have astringent, depurate, diuretic and 

aphrodisiac in pharmacological properties. It stimulates and promotes diuresis and menstrual 

flow. The seed is good in anthelmintic property. The seeds are act as a rubefacient when 

pounded with lemon juice and applied to the skin. The major chemical constituents present in 

the plant are triterpene, butrin, isobutrin, coreopsin, sulphurein, isocoreopsin, 

monospermoside, chalcones, isomonospermoside, steroids, 5,7-dihydroxy-3,6,4-trimethoxy 

flavone-7-O-alpha-Lxylopyranosyl(1-3)-O-alphaL-arabinopyranosyl-(1-4)-O-beta-D-galacto 

pyranoside. (5) 

FICUS RELIGIOSA 

Ficus religiosa L. (Moraceae) has been extensively used in traditional medicine for a wide range 

of ailments of the central nervous system, endocrine system, gastrointestinal tract, reproductive 

system, respiratory system and infectious disorders. The plant is found in Asia, Bangladesh, 

Bhutan, Cambodia, China, India, Indonesia, Java, Mayanmmar & Nepal. (6) The major chemical 

constituents present in the plant are triterpene, butrin, isobutrin, coreopsin, sulphurein, 

isocoreopsin, monospermoside, chalcones, isomonospermoside, steroids, 5,7-dihydroxy-3,6,4-

trimethoxy flavone-7-O-alpha-L xylopyranosyl(1-3)-O-alphaL-arabinopyranosyl-(1-4)-O-beta-D-

galacto pyranoside. It has anti-filarial, antidiabetic, antioxidant, anti-inflammatory, anti-oxidant, 

anticancer, hepatoprotective effect, anticonvulsant, antihyperglycemic, antioxidant potential, 

anti-inflammatory, antioxidant effect, anti-dopaminergic activity, free radical scavenging effect, 

hormone balancing effect, antifertility effect, anthelmintic effect, anti-hyperglycemic and anti-

hyperlipidemic, anti-diarrheal, wound healing activity, anti-stress, osteogenic and 

osteoprotective activity, anti-inflammatory, effect on hormone level, anti-ulcer, hypoglycemic 

effect, anthelminthic effect. (7) 
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CALOTROPIS PROCERA 

Calotropis procera (Aiton) Dryand (Commonly known as the apple of sodom, calotrope, and 

giant milkweed) is an evergreen, perennial shrub of the family Apocynaceae, mainly found in 

arid and semi-arid regions. It is a multipurpose plant, which can be utilized for medicine, 

fodder, and fuel purposes, timber and fiber production, phytoremediation, and synthesis of 

nanoparticles. It is multipurpose plant, which provides a wide range of provisioning ecosystem 

services. (8) The major chemical constituents present in the plants are usharin, gigantin, calcium 

oxalate, cardenolide calotropin, beta- amyrin, lupeol acetate, giganturseny acetate B, 

giganturseny acetate A, calotropin, akundarol, calotroposide, beta- amyrin methylbutazone, 

calotroposides A, B, C, D, E, F, G,calotoxin, proceroside, uscharidin, uscharin, uzarigenin, 

voruscharin, calotroposides, benzoyllineolone, benzoylisolineolon, flavonoids, saponins, fatty 

acids, terpenes, triterpenoids, glycosides, resins, esters of calotropeols. There are many 

pharmacological activities of Calotropis procera. It hasanti-cancer activity, antimicrobial activity, 

anti-diabetic activity, diuretic activity, hepatoprotective activity, antioxidant activity, anti-

hyperbilirubinemic activity, wound healing activity, anthelmintic effect, analgesic activity, 

antipyretic activity, anti-inflammatory activity, anti-reproductive activity, anti-ulcer activity. (9) 

ACACIA CATECHUE 

Acacia catechu a moderate sized tree, found mostly in dry parts of India is belonging to family 

leguminosae sub family: mimosiasae. It is used in the treatment of passive diarrhea either alone 

or in combination with cinnamon or opium. The main chemical constituent of Acacia catechu are 

catechin, epecatechin, epigallocatechin, epicatechingallate, phloroglucin, protocatechuic acid, 

quarcetin, poriferasterol glycosides, lupenone, procyanidin, kaemferol, L-arabinose, D-

galactose, D-rhamnose andaldobiuronic acid, afzelchin gum ,mineral and taxifolin.(10) It has 

immunomodulatory activity (Ismail and Asad, 2009), antibacterial activity, antimycotic action, 

antioxidant activity, anti-inflammatory activity, chemoprotective activity(Stohs and Bagchi, 

2015), antidiarrheal activity, analgesic activity, antipyretic activity, hepato-protective 

activity,anti-diabetic activity. (11) 

IMPERATA CYLINDRICAL 

The genus Imperata cylindrical is a member of Gramineae family, is a perennial rhizomatous 

plant that can grow on soils with a vast range of nutrients and moisture. It was first recorded in 

the Chinese medical classic “Shen Nong’s herbal Classic” (Han Dynasty), which is listed as a 

middle grade herbal. It is described sweet in taste, cold in nature, and attributive to the lung, 

stomach, and bladder meridians, with relieving fever, and a diuretic effect. For the treatment of 

fever, polydipsia, vomiting blood, blood stasis, lung heat, difficulty in micturition, edema, 

jaundice, etc. The major chemical constituents present in the plant areimpecylone, 

deacetylimpecyloside, seguinoside, K4-methylether, impecylenolide, seguinoside K, arundoin, 

cylindrin, beta sitosterol, daucosterol, alpha- amyrin, tetradecadone, friedelin, alnusenone, 

simiarenol, fernenol, 2-Methoxy esterone, tricin, caryatin, jaceidin, 14-epiarbor-7-en-3-one, 26-

Norolean-9(11)-ene, flavone, flindersiachromone, salicin, maritimin, L-Cysteine, 3,4-

Dihydroxybutyric acid, tabanone, phytol, cylinderene, palmitic acid, dicarboxylate, siderin, 
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caffeic acid, ferulic acid, vanillic acid, isovanillin, graminone A, graminone B, cylindol A, 

cylindol B (12). 

PROSOPIS CINERARIA 

Members of the Prosopis genus are native to America, Africa and Asia, and have long been 

used in traditional medicine. This plant is highly effective in asthma, birth/postpartum pains, 

callouses, conjunctivitis, diabetes, diarrhea, expectorant, fever, flu, lactation, liver infection, 

malaria, otitis, pains, pediculosis, rheumatism, scabies, skin inflammations, spasm, stomach 

ache, bladder and pancreas stone removal. The major chemical constituents present in the plant 

are patulitrin, sitosterol, spicigerine, prosogerin Aand B, campesterol, cholesterol, stigmasterole, 

actacosanol, hentriacontane, methyl docosanoate, tricosan-1-ol, Diisopropyl-10,11-

dihydroxyicosane-1,20-dioate, 7,24- tirucalladien-3-one, piperidine alkaloid spicigerine, methyl 

heptacosanoate, heneicosanoic acid, 4-hydroxy benzoic acid, Prosogerin C, D, E, gallic acid, 

rutin, luteolin, methyl 4-hydroxycinnamate, methyl 2-methoxy-5- hydroxycinnamate and o-

Coumaroylglycrol (13) 

CYNODON DACTYLON 

Cynodon dactylon (L.) Pers., a well-known grass species with potential medicinal properties, is 

under-explored for the diversity of endophytic fungal species and their metabolites. The major 

chemical constituents present in the plants are alkaloids, glycosidea, flavonoids, 

charbohydrates, reducing sugar, phytosterols, resins, terpenoides, triterpenoids steroids, 

proteins, volatile ois, fixed oils, hexadecenoic acid, enzymes, manganese, sodium, potassium, 

phosphorous, calcium, ferulic acid, syringic, paracoumaric, vanillic, parahydroxyl benzoic, 

orthohydroxy phenl acetic acidvitamic c, beta carotene, fats, palmitic acid. There are many 

pharmacological activities of Cynodon dactylon. It hasantibacterial activity, antioxidantactivity, 

anti-inflammatory activity, chemoprotective activity, antidiarrheal activity, analgesic activity, 

antipyretic activity, hepato-protective activity,anti-diabetic activity, antihelmintic activity, 

anticataleptic activity, cardio-protective activity, antimicrobial activity, antidiuretic activity. (14) 

CONCLUSION 

In the next few decades, herbal medicine may become a new era of medical system for the 

management of human diseases. About 80% world populations rely on traditional medicine for 

primary health care. The available writing explore the beneficial worth for those flora which 

have not come under the examination of medical examiner for the advance of original plant 

based drug. Thus far, only a little proportion of therapeutic plants have been known and 

characterized for their recipient property and calculated at pre-clinical and medical testing 

levels. However, with the enormous availability of millions of plant species on the earth there is 

always an option for the investigation of plants with remarkable positive effects. 

Navagrahashould be the subject of a research and development programme due to its economic 

and therapeutic potential. Since some plants of Navagraha are on danger of extinction, 

appropriate conservation measures can be implemented. As a result, those plants must be 

protected and nurtured. 
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ABSTRACT 

The natural chitosan has biocompatibility and biodegradability characteristics thus chitosan is 

suitable for biomedical applications. In this present study, the chitosan was derived from crab 

shell. The crab shell is subjected to demineralization, deproteinization, and decolourization and 

deacetylation process to extract the chitosan. The chitosan nanoparticle was prepared using the 

extracted crab shell chitosan by ionic gelation method. The bacteria xanthomonas oryzae that is 

responsible for bacterial blight disease of rice was isolated and identified. The in vitro 

antibacterial studies of chitosan nanoparticles showed that the chitosan nanoparticles efficiently 

inhibit the growth of xanthomonas oryzae thus chitosan nanoparticles would be promising tool 

as biocontrol agent.  

KEYWORDS: Crab Shell, Chitosan, Chitosan Nanoparticles, Plant pathogen. 

INTRODUCTION 

Chitin is found abundantly in natural sources including cell wall of fungi and marine shellfish 

such as crab, lobster, krill, cuttlefish, shrimp and squid pens (Chawla et al., 2015).  Around 15-

40% of chitin, Protein and calcium carbonate is found in the shells of marine fish. Due to the 

insoluble nature of chitin, it has numerous limitations for large scale applications. The 

deacetylation process of chitin leads to the formation of water soluble derivatives including 

chitosan (Gomes et al., 2017). Chitosan is made up of N-acetyl-D-glucosamine and D-

glucosamine unit linked by β-1-4-glycosidic linkage (Chandrasekaran et al., 2020). The chitosan 

can be extracted from natural sources by the following four processes such as deproteinization, 

demineralization, decolourization and deacetylation of chitin. Owing to its biodegradability, 

nontoxic and cheap characteristics, chitosan is used as a hydrating agent in cosmetics, as an 

additive in food industry and used in pharmaceutical industry (Sandeep et al., 2013).  

The majority of polysaccharide have neutral or negative charge in an acidic condition however 

chitosan has unique cationic nature, this property leads to form electrostatic complexes with 

other negatively charged synthetic or natural polymer (Cheung et al., 2015). 

The nanoparticles are classified into organic and inorganic nanoparticles, organic nanoparticles 

are carbon nanotubes, lipids and polymers and they have various applications.  Natural and 

synthetic polymers are used to synthesis polymer nanoparticles. Owing to the availability from 
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marine (chitin and chitosan) or agriculture resources, biodegradability, biocompatibility and 

non-toxicity, the biopolymeric nanoparticles have several advantages. Among various polymer, 

chitosan has multidimensional applications because of its non-toxicity, biodegradability and 

antimicrobial characteristics. It is possible to create different forms of chitosan such as gel, 

fibers, sponges, films, beads, microspheres and nanoparticles. Chitosan nanoparticles have 

attained specific interest due to it shares both polymer and nanoparticles characteristics 

including small size, surface and interface effect and quantum size (Chitra and Annadurai 2012; 

Divya and Jisha 2018). 

 
 

Figure 1: Natural sources of chitin and 

Chitosan (Picture credit: Rachel 

Rosenzweig, Experiments, 2015) 

Figure 2: Structure of Chitin and Chitosan  

(Med J Babylon) 

 

 

Bacterial blight disease of rice is caused by Xanthomonas Oryzae. The bacterial blight disease 

caused by xanthomonas oryzae have been controlled using different chemicals such as 

Bordeaux mixture and mercurial compounds. The use of chemicals for prolong period leads to 

harmful effects on environment (Rani and Singh 2014), hence there is a need of non-toxic 

substances to control the bacterial blight disease of rice by inhibiting the growth of 

Xanthomonas oryzae. Chitosan nanoparticles are promising substances to inhibit the growth of 

xanthomonas oryzae due to its non-toxicity and biodegradability and antibacterial properties.  

METHODOLOGY 

COLLECTION OF CRAB SHELL 

Crab shells were collected from the local market and brought to microbiology laboratory, 

Sadakathullah Appa College then washed followed by dried in shadow and powdered. The 

Crab shell powder undergoes four different chemical processes including demineralization, 

deproteinization, decolourization and deacetylation to extract chitosan. 

PREPARATION OF CHITOSAN 

DEPROTEINIZATION PROCESS 

The crab shell powder (10 g) was treated with 5% sodium hydroxide at 90-100o C for 1 hour. 

After 1 hour the treated crab shell powder solution was filtered and washed with distilled 

water.  

DEMINERALIZATION PROCESS 

The deproteinized crab shell powder was then treated with 5 % of hydrochloric acid at room 

temperature for 1 hour followed then filter the mixture and washed with distilled water. 
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DECOLOURIZATION PROCESS 

The demineralized powder was treated with 1 % potassium permanganate for 30 minutes 

followed by oxalic acid for 30 minutes to 2 hours at room temperature. After 2 hours of reaction 

the mixture was filtered and washed.  

DEACETYLATION PROCESS 

The 50% of sodium hydroxide was added to decolorized powder at 90-100o C for 24-48 hours 

for deacetylation of chitin (Chitra and Annadurai 2012). 

PREPARATION OF CHITOSAN NANOPARTICLES 

The Chitosan (3 g) was mixed with 1% acetic acid and stirred well using magnetic stirrer. The 

tripolyphosphate (0.25 % w/v) was added drop by drop to the chitosan mixture under magnetic 

stirring. After 1 hour of reaction, the mixture was centrifuged and washed with distilled water 

for several times to remove impurities (Chitra and Annadurai 2012). 

ISOLATION OF XANTHOMONAS ORYZAE FROM INFECTED RICE LEAF  

The bacterial blight disease infected rice leaf sample was collected from the rice field area. The 

surface of the rice leaf sterilized with 70% ethanol for 5 minutes. Then sample was washed twice 

by sterile distilled water for 2 minutes, then cut the diseased portion of leaf (5 x 5 mm). The 

piece of leaf placed into the test tube containing sterilized distilled water. The sample 

suspension was spread on plate containing nutrient agar to isolate xanthomonas oryzae on 

nutrient agar (Rani and Singh 2014). 

IDENTIFICATION OF ISOLATED BACTERIA  

The isolated bacteria was identified by Gram staining and different biochemical examinations.  

INVITRO ANTIBACTERIAL ACTIVITY OF CHITOSAN NANOPARTICLES AGAINST 

XANTHOMONAS ORYZAE 

The antibacterial activity of chitosan nanoparticles was examined using disc diffusion method 

against xanthomonas oryzae. The different concentration of chitosan (1mg/ml ) nanoparticels 

(10 µl, 20 µl, 30 µl, 40 µl, 50 µl) were used to examine the efficiency of chitosan nanoparticles 

against xanthomonas oryzae. The well was formed on plate containing Muller Hinton agar, 

then the different concentration of chitosan nanoparticles were added to the well in appropriate 

well. The plates were incubated for 24 hours at 37o C. After 24 hours of incubation, the plates 

were observed for the zone of inhibition. 

RESULT AND DISCUSSIONS 

The processes such as deproteinization, demineralization, and decolourization removes the 

protein, mineral and colour of the crab shell, produces chitin. The deacetylation of chitin 

produces the chitosan.    

 
Figure 3: Crab Shell (A), Crab shell powder (B), Chitosan (C) 
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The chitosan nanoparticles are produced using ionic gelation methods. The prepared chitosan 

nanoparticles are used to check the antibacterial efficiency of chitosan nanoparticle against 

Xanthomonas oryzae.  

CULTURAL CHARACTERISTICS OF THE ISOLATED ORGANISMS 

Xanthomonas Oryzeae   colonies were identified by the presence of yellowish white, mucoid, 

round and smooth bacterial colonies on nutrient agar media.  

Table 1: Morphological identifications of isolated organisms 

Gram staining Gram negative 

Motility  test   Motile 

Shape    Rod 

 

Table 2: Biochemical characteristics of isolated organism 

Test Observation 

Indole test           _ 

Methyl red           _ 

Voges_proskuer           _ 

Catalase  test           + 

Citrate utilization test            + 

Starch hydrolysis            _ 

Gelatin hydrolysis            + 

H2S production            + 

  (+positive and – negative) 

 

The colony morophology, staining and biochemical examination indicates that the isolated 

organism is xanthomonas oryzaa. The result correlated with the previous work (Rani and Singh 

2014).  

INVITRO ANTIBACTERIAL ACTIVITY OF CHITOSAN NANOPARTICLES  

The antibacterial efficiency of chitosan nanoparticles is determined against the test bacteria 

xanthomonas oryzae by disc – diffusion method on an agar plate. The observation of 

examination shows the zone of inhibition for used different concentration. The minimal 

inhibition concentration of chitosan nanoparticles are 10 µl. The zone of inhibition size (mm) 

shows in Table 3. The invitro antibacterial efficiency of chitosan nanoparticles against 

xanthomonas oryzae studies proves that chitosan nanoparticles could be used as biocontrol 
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agent in rice field.  The previous study reported that the chitosan nanoparticles have efficient 

antibacterial activity against Xanthomonas oryzae (Abdallah 2020). 

CONCLUSION  

The property including non-toxic and biodegradability nature makes the chitosan nanoparticles 

as promising biocontrol agent. The present invitro antibacterial studies suggested that the 

chitosan nanoparticles effectively inhibit the growth of the xanthomonas oryzae thus chitosan 

nanoparticles will minimize the bacterial blight disease of rice caused by xanthomonas oryzae, 

as a result it diminishes the loss of rice production.  
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ABSTRACT 

In current years chemical fertilizers have remained used for plant growth and developed the 

harvest of beneficial crops global. The chemical and synthetic fertilizers used an instant yield for 

crops. Chemical fertilizer has a lethal and heavy metals environment pollution in water, air, and 

soil Chemical fertilizer remains harmful to human beings’ nitrogen fertilizer consist of 

carcinogenic substances is nitrosamines and this is cancer-causing molecules are accumulated in 

plant parts comparable lettuce and spinach leaves and consequently it is also eaten by human 

beings. N02 mixed through drinking water body absorbed in the intestinal tract 4-5 hr excited by 

the kidneys, therefore inflammation and disease are infant’s methemoglobinemia. Big volumes 

of potassium fertilizers in the soil cause injurious properties on organisms, such as worms and 

soil mite has stayed devastating and lethal. Chemical fertilizers also cause air pollution. Since, 

the evaporation of nitrogen oxide, carbon dioxide and methane gas from agricultural land 

increase the greenhouse effect. And more pretentious in soil biotic and abiotic besides predators 

and parasites. Several issues such as soil compaction, nitrogen leaching, soil organic matter and 

loss of soil carbon, and crop yield have been decreasing over time. 

KEYWORDS: Human Disease, greenhouse effect, environmental effect in chemical fertilizers. 

INTRODUCTION 

In recent years, we have seen a doubling of the human population and a concurrent doubling of 

food production. Plant nutrition has played a key role in this dramatic increase in demand for 

and supply of food. Increases in crop production have been made possible through the use of 

commercial man-made fertilizers. The use of nitrogen (N) fertilizer has increased almost 

ninefold and phosphorus (P) more than fourfold, the tremendous increase of N and P 

fertilization, in addition to the introduction of highly productive and intensive agricultural 

systems, has allowed these developments to occur at relatively low budgets. The increasing use 

of fertilizers and highly productive systems have also created environmental problems such as 

deterioration of soil quality, surface water, and groundwater, as well as air pollution, reduced 

biodiversity, and suppressed ecosystem function. 

Biofertilizers are a material that comprehends living microorganisms that, when applied to 

seeds, plant surfaces, or soil, promote growth by increasing the supply or availability of 

primary nutrients to the host plant. It enhances nutrients through the natural processes of 
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nitrogen fixation, solubilizing phosphorus, and stimulating plant growth through the 

combination of growth-promoting substances. 

Biofertilizer In nature, there are several useful soil micro-organisms which can help plants to 

absorb nutrients. Human intervention can enhance their utility by selecting efficient organisms, 

culturing them and adding them to soils directly or through seeds. The cultured 

microorganisms packed in some carrier material for easy application in the field are called bio-

fertilisers. Thus, the critical input in Bio fertilisers is the microorganisms. 

There are many classified in their types i: Nitrogen Biofertilizers, ii: Phosphatic Biofertilizers, iii: 

Organic matter decomposers, iv: Plant growth promoting biofertilizers. 

In the conversion of elements nitrogen to organic combination or biological processes through 

nitrogen-fixing microorganisms like free-living bacteria associative bacteria, blue-green algae 

(BGA) and certain microorganisms in symbiotic association with plants. This organism called 

Diazotrophs plays an important role in the nitrogen cycle of the earth, in the terrestrial 

ecosystem fix nitrogen for the primary producer in the atmosphere. 

Anciently Indian formers used cow dung and panchagavya natural fertilizers to improve plant 

growth and soil nutrition levels increasing and not harmful to soil and plant and then used 

natural pesticides to control pests and microbial diseases. 

TYPES OF BIOFERTILIZERS CLASSIFICATION 

Table 1: Nitrogen fixing bacteria 

Sr. No. N2 Fixing Biofertilizers Examples 

1 Free-Living Azotobacter, Beijerinckia, Clostridium, Klebsiella, 

Anabaena, Nostoc. 

2 Symbiotic Rhizobium, Frankia, Anabaena azolo 

3 Associative Symbiotic Azospirillum 

 

Table 2: Phosphate bacteria 

Sr. No. Phosphate Biofertilizers Examples 

1 Bacteria Bacillus megaterium var, phosphaticum, bacillus 

subtilis, bacillus circulans, pseudomonas striata 

2 Fungi Penicillium sp, Aspergillus awamori 

3 Arbuscular mycorrhiza Glomus sp Acaulospora sp. 

4 Ectomycorrhiza Laccaria sp., Pisolithus sp., Boletus sp., Amanita sp., 

5 Ericoid mycorrhizae Pezizella ericae 

6 Orchid mycorrhiza Rhizoctonia solani 
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Table 3: Organic matter decomposers 

Sr. No. Organic Matter Decomposers Example 

1 Soil Fauna Earthworms, Arthropods, 

2 Soil Microorganism Algae, protozoa, fungi, bacteria 

3 Plant Leaf on the ground, brown leaf and wood 

materials 

 

Table 4: Plant growth promoting biofertilizers 

Sr. No. Plant growth promoting 

biofertilizers 

Example 

1 Plant growth promoting 

bacteria 

Proteobacteria, Cyanobacteria, Bacteroidetes, 

Actinobacteria, bacillus Rhizobium, Frankia, 

Pseudomonas, Azospirillum, clostridium, 

streptomyces.  

 

Organic agriculture uses supportable natural resources and strategies such as biofertilizers, so 

they used animal manure, bird manure, bovine manure, urine, vermicompost, and 

microorganisms.   

THE TRADITIONAL METHOD FOR BIOFERTILIZERS  

Indian farmers used the traditional method of cow dung and panchagavya based on 

technologies used in organic farming. 

Cow dung contains macro and micro-nutrients, amino acids, growth-promoting substances like 

indole acetic acid, gibberellins and beneficial micro-organisms. 

The microflora of cow dung contains a wide number of bacteria such as Bacillus, lactobacillus, 

and some cocci, fungi and yeast such as saccharomyces. The cow has probiotic activity due to 

the presence of different types of microorganisms. Lactobacillus casei, lactobacillus Plantarum, 

lactobacillus acidophilus, bacillus subtilis, enterococcus diacrylates, Bifidobacterium and yeasts. 

Cow dung mixed with soil has a composting antique for a few days for composting production 

that has the ability of biofertilizers. This is recognised when the cultures accelerate the 

decomposition process of organic residues and agricultural by-products through various 

processes and give a healthy harvest of crops. 

Panchagavya is also used as a pesticide and resistant to plant disease it increased microbial 

population and soil fertility. It consistently a good yield for crop  

THE MODERN METHODS OF BIOFERTILIZERS  

Modern methods of biofertilizer are used as plant growth promoting bacteria isolated from any 

cow dung or any good bacteria like a soil bacterium and added a substance such as a white, rice 

bran, husk, banana, leaf, grape, fruit peel. Soil Mixture of bacteria and substance has one month 

have a composting process then after use plant growth was increasing and compared will be a 

normal fertilizer and organic biofertilizer. Organic biofertilizers have high benefits for 



RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

15 
 

microorganisms and microbial substances to improve plant growth, improve water holding 

capacity, aeration, and soil excellence improved.   

 
Figure 1: Bacterial biofertilizer uses 

 

Table 5: Difference between biofertilizer, organic fertilizer & chemical fertilizer  

Specification Biofertilizer Organic fertilizers Chemical fertilizer 

Contains Microorganisms like 

Bacteria, Algae and 

Fungi 

Animal Manure, 

compost, Vegetable 

Matter etc., 

Synthetic Chemical 

Fertilizer Type Organic Organic Organic 

Micronutrients Generate by Micro-

organisms 

Defined, Not 

generating 

Defined, Not generating 

Costing Low Medium High 

Large Scale 

application 

Possible Not Possible Not Possible 

Health Hazard No No Yes 

Usability Extremely easy Difficult to Use Difficult to Use 

Effect on Soil Improve Soil Quality No Gain No Loss Depletion of the quality 

in repeated use 

Effect on 

Environment 

No Impact No Impact Negative 

 

Table 6: Average biomass level of plants was grown in compost and control soil 

Time Type of soil Average leaf 

size 

Average 

shoot length 

Average 

root length 

Whole plant 

height 

 After 5 days Microbial 

compost T1 

3-4 cm -width 

2-3 cm -length  

9-10 cm 5-6 cm 14-16 cm 

After 5 days  Control T2 2-2.5cm width 

2.1- 2-3 length  

4-5 cm 3.3.5 cm 3-5 cm 
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Figure 2: Functions of Biofertilizers 

 

RESEARCH IN BIOFERTILIZERS PRODUCTION 

Isolation microorganisms from cow dung to identify a bacteria species is (lactobacillus sp.,)  

PREPARATION OF MICROBIAL COMPOST  

For the microbial compost preparation, we have selected two different materials (Rice bran and 

Husk) as a substrate. The sterilized substrate was mixed with sterile soil and then the bacterial 

sample was inoculated. Sterile water is sprayed into the soil mixture to maintain the moisture 

and subsequently, the soil was mixed with a sterile steel rod and it was stored at room 

temperature for 30 days. After 30 days of incubation, the microbial composted soil was 

introduced into the plant and growth development. 

SEED GERMINATION AND PLANT GROWTH AND DEVELOPMENT  

We have selected a cotton plant for this study. Each 18 cotton plant seeds were seeded in both 

microbial compost and sterile soil. And we have used sterile water for watering plants. After 

three days the growth of the seeds was checked. Consequently, dry and wet biomass, stem 

length and root length also measured manually from cotton plants were grown in microbial 

compost and sterile soil. 

ESTIMATIONS OF THE NUTRIENTS IN THE MICROBIAL COMPOST  

Confirmative, the result of the nutrient analysis of the composted soil points out the higher level 

of macronutrients such as Nitrogen (67.2Kg/Hectare), Phosphorus (29.2 Kg/Hectare) and 

Potassium (191.66 Kg/Hectare). Similarly, the micronutrients (Fe-1.2ppm; Mn-5.6ppm; Zn- 

1.2ppm; Cu-1ppm) also recorded in increased level compared to control soil. So, the result of 

the present study shows the effectiveness of lactobacillus bacterial compost has a great role in 

the growth development of cotton plants. 

Similarly, the biomass also increased (1.26g) in the plants grown in the microbial compost and 

decreased levels of biomass (0.718) were recorded in the plants grown in the control soil.  
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Figure 3: biofertilizer inoculation techniques 

 

Table 7: Macro and micronutrients level of lactobacillus sp. microbial compost and control 

soil 

Sr.No. Soil type pH N 

g/ha 

P 

g/ha 

K 

g/ha 

Fe 

(ppm) 

Mn 

(ppm) 

Zn 

(ppm) 

Cu 

(ppm) 

1 Microbial 

Compost 

T1 

8 67.2 29.2 191.66 1.2 5.8 1.2 1 

2 Control 

T2 

8 50.4 7.1 112.5 0.7 5.6 1.4 0.5 

 

BIOFERTILIZER'S IMPACT ON SOIL  

The usages of biofertilizer to save soil from the impact of chemical fertilizer and environmental 

pollution so they consume better-quality soil excellence than natural resources after the 

biofertilizer is no impact on the environment and plant its assistance from soil microorganisms 

and earthworms. 
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ABSTRACT 

Himalayas are endowed with a rich wealth of medicinal herbs. The region is hot spot of 

biodiversity. These plants have substantial contribution to the development of ancient Indian 

medicines. Medicinal plants are being used in traditional medicine practices since prehistoric 

times. Uttarakhand is situated in the lap of Himalayas and rich in medicinal drugs. Major tribal 

communities such as Bhotias, Boaxas, Tharus, Jaunsaries, Shaukas, Kharvar and Mahigiri, living 

in the Indian Himalayan Region use medicinal plants for curing the diseases and ailments 

through the use of natural medicine. The curative proportion of drugs is due to the presence of 

complex chemical substances of varied composition in one or more parts of these plants. Many 

plants are recognized whose ingredients are used in various pharmaceutical preparations.  

KEYWORDS: Medicinal plants, ethnomedicine, ayurveda, biodiversity, medicine.  

INTRODUCTION 

In the lap of the Himalayas a naturally beautiful state Uttarakhand is situated. It has varied 

climatic conditions. This state having wide variations in altitude, geography and weather has 

made a home for wide variety of flora and fauna. Uttarakhand, also known as the ‘herbal state 

of India’, harbors more than 5100 species of vascular plants, of which one-third species have 

medicinal uses. The topographical features, altitude, ecology and climatic conditions are 

primarily responsible for making the Himalayan region a rich depot in biodiversity, especially 

in plant life. There are about 1128 medicinal plants species present in the northern Himalayan 

region, which are widely distributed in different regions of India. 8,000 herbal remedies have 

been codified in AYUSH systems in INDIA. The flora of Garhwal region has been already 

extensively explored by several botanists (Naithani, 1984-85; Bawa, 1993 and Gaur, 1999). The 

major systems of indigenous medicines are Ayurveda, Unani, Siddha and Folk (tribal) 

medicines. According to the World Health Organization (WHO) data, about 80% of the world's 

population, especially the rural people of developing countries, still primarily rely on 

traditional medicines (Islam, 2006). Besides this, the origins of over 50% of all pharmaceutical 

drugs could be traced back to ethno medicine (Van Wyk et al., 1997). 

Since Vedic time traditional knowledge of practitioners of ayurveda known as local vaidyas 

about medicinal plants and their importance in local healthcare practices is well known.  The 
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Himalayan range is home to a wide assortment of unique and therapeutic plants, unfortunately, 

traditional wisdom is depleting due to ever-increasing anthropogenic pressure (Tiwari et al., 

2020). Treatment with medicinal plants is considered very safe as there is no or minimal side 

effects. These remedies are in sync with nature, which is the biggest advantage. The golden fact 

is that, use of herbal treatments is independent of any age groups and the sexes. Notably, the 

knowledge of ethnomedicin usually passed verbally from one generation to the next through 

their family members (Nadembega et al., 2011), and this type of knowledge has not been 

formally documented (Asase et al., 2008). Major tribal communities such as Bhotias, Boaxas, 

Tharus, Jaunsaries, Shaukas, Kharvar and Mahigiri, which use medicinal plants for curing the 

diseases and ailments through the use of natural medicine, are lived in the Indian Himalayan 

Region (IHR). These plants play an imperative role in the local culture and economy of the 

Himalayan region. Especially in the northern part of Himalayan region abounds in medicinal 

plants that are used by the doctors as well as the local inhabitants for preparing various kinds of 

medicines. Besides that, people living here make use of these plants for treating common 

ailments. People also collect them from different corners of the region and sell them at high 

price. However, many of the species are endangered now because of the over-collection and 

unscientific exploitation of these medicinal plants and suffice the increasing global trade is 

threatening the bio-diversity of the region.  

Previous studies on traditional medicine as scientific outputs having traditional claims of 

effectiveness which are helpful to manage various disorders. In chapter various medicinal 

plants are listed which significantly utilized by the locals, and need to documented. In this 

scenario we try to document some medicinal plants with their medicinal properties and local 

name from this state. 

Table 1: List of major medicinal plants of Uttarakhand and their medicinal uses 

Common 

name 

Botanical 

name 

Family Parts used Medicinal use 

Amla, 

Indian 

gooseberry 

(Tree) 

Emblica 

officinalis 

 

Euphorbiac

eae 

Fruit Fresh fruits are rich source of 

Vitamin C. It is diuretic, laxative, 

cardiac and liver tonic. Useful in 

anaemia, dyspepsia,   jaundice, 

diarrhoea, haemorrhage, 

leucorrhoea and menorrhea 

(Khare, 2007). 

Aswagandha 

(Herb ) 

Withania 

somnifera 

Solanaceae Root, 

Leafs 

Restorative tonic, nerves disorder, 

stress, aphrodiasiac 

Ashok (Tree) Saraca asoca Caesalpina

nceae 

Bark, 

Flower 

Menstrual Pain, Deiabetes, uterine 

disorder 

Bilva/Bael 

(Tree) 

Aegle 

marmelous 

Rutaceae Fruit, Bark Dysentry, Diarrrhoea, 

Constipation 

Brahmi 

(Herb) 

Bacopa,monnieri Scrophulari

aceae 

Whole 

plant 

Nervous, mental disorder,  

Memory enhancer 

https://www.frontiersin.org/articles/10.3389/fphar.2018.00040/full#B41
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Chiraita  

(Herb) 

Swertia chiraita Gentianace

ae 

Whole 

Plant 

Substitute for Chirayita in the 

treatment of malaria and other 

fever (Khare 2007, Flowers of 

India Nov. 20, 2013). Decoction of 

the digestive, diuretic and 

expectorant. Stem and leaves are 

mixed with fodder to improve 

lactation in animals 

Giloe 

/Guluchi 

(Climber) 

Tinospora 

cordifolia 

Menisperm

aceae 

Stem Decoction of fresh stems is 

considered good against 

rheumatic ailments and 

gonorrhoea.  Starch from plants is 

used in chronic diarrhea and 

dysentery. Aanthelmintic, anti-

arthritic, bitter tonic, anti-periodic, 

anti-pyretic, aphrodisiac, blood 

purifier, cardiac, carminative               

( Chopra, et al., 1956) 

Guggul 

(Tree) 

Commiphora 

wightii 

Burseraceae Gum 

rasine 

Rheumatised, arthritis, paralysis, 

laxative 

Long peeper / 

Pippali 

(Climber) 

Peeper longum Piperaceae Fruit, Root Bronchities, Appetizer, enlarged 

spleen, Cold, antidote 

Makoi (Herb) Solanum 

nigrum 

Solanaceae Fruit/whol

e plant 

Freshly prepared juice of the plant 

is effective in liver cirrhosis and 

opium poisoning. It has antiseptic, 

laxative, diuretic and anti-

dysenteric properties.  Leaves are 

used for the treatment of psoriasis, 

piles, eczema, syphilis, dropsy, 

gonorrhoea, and liver and spleen 

enlargement. Berries are useful in 

fever, ulcers, eye troubles and 

diarrhea (Khare, 2007) 

Pashan 

Bheda 

(Herb) 

Coleus barbatus Lamiaceae Root Calculus, Kidny stone 

Sandal Wood 

(Tree) 

Santalum album 

 

Santalinace

ae 

Heart 

wood , oil 

Jaundice, Skin disorder, sensation, 

Burning, Cough 

Sarpa 

Gandha 

(Herb) 

Ranwolfia 

serpentina 

 

Apocynace

ae 

Root Insomnia, Hyper tension 
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Satavari 

(Climber) 

Asparagus 

racemosus 

Liliaceae Tuber, 

root 

Tubers are cooling, demulscent 

and diaphoretic. 

Senna 

(Shrub) 

Casia 

augustifolia 

Liliaceae Dry 

Tubers 

General debility tonic, 

rheumatism, aphrodisiac. 

Tulsi (Herb) Ocimum 

sanclum 

Lamiaceae Leaves/ 

Seed 

Seeds are useful in urinary 

troubles. Oil from the leaves 

possess antibacterial and 

insecticidal properties. Leaves are 

diaphoretic, stimulating and 

expectorant. Used in bronchitis,  

gastric problems, and common 

cold (Khare, 2007) 

Pippermint 

(Herb) 

Mentha pipertia Lamiaceae Leaves, 

Flower, 

Oil 

Pain killer, Digestive 

Henna/Mehdi 

(Shrub) 

Lawsennia 

iermis 

Lytharaceae Leaf,Flow

er, Seed 

Steam, Burning, Anti Imflamatary 

Gritkumari 

(Herb) 

Aloe vera Liliaceae Leaves Gel is applied as an emollient for 

burning sensation of soles of the 

feet and also in treatment of 

burns. Leaves are cooked and 

used for discomfort in stomach 

and jaundice. Also useful in band-

aid for suppuration of boils and 

healing external injuries  (Khare, 

2007) 

Sada Bahar 

(Herb) 

Vincea rosea/ 

catharanthus 

roseus 

Apocyanac

eae 

Whole 

Plant 

Hypotensive, Leaukamia,   Atidot, 

Antispasmodic 

Vringraj 

(Herb) 

Eclipta alba Compositae Seed/whol

e 

Digestive, Anti-inflamatory, 

hairtonic 

Gokhur 

(Herb) 

Tribulus 

terrestris 

Lygophylla

ceae 

Whole 

Plant 

Sweet cooling,  appetizer,  

Aphrodisiac, Digestive, Urinary 

Neem 

(Tree) 

Azardirchata – 

indica 

Mahaceae Rhizome Sdedative, epilepsy, analgesic, 

hypertensive 

Bach 

(Herb) 

Acorus calamus Aracaceae Rhizome Sdedative, tpilepsy, analgesic, 

hypertensive 

Vasa 

(Shrub) 

Adhatoda vesica 

 

Sacanthacea

e 

Whole 

Plant 

Antispasmodic, respiratory, 

Stimulant 

Nageswar,     

Nag Champa 

(Tree) 

Mesua ferrea 

 

Guttiferae Bark, Leaf, 

Flower 

Vomiting, Asthma, Skin, 

Dysentry,  Burning, Piles 
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Dalchini 

(Shrub) 

Cinnamomum 

zeylanicum 

 

Lauraceae Bark, Oil Leaves are carminative and used 

as spice. They are also used in 

cough, cold, bronchitis, asthma, 

tuberculosis and menstrual 

disorders. 

Adrak, 

Zinger 

(Herb) 

 

Zingiber 

officinale 

Zingiberace

ae 

 

Rhizome It's used as a food flavoring and 

medicine. Ginger contains 

chemicals that might reduce 

nausea and swelling. These 

chemicals seem to work in the 

stomach and intestines, but they 

might also help the brain and 

nervous system to control nausea. 

Cannabis 

(Indian 

Hemp) 

(Herb) 

 

Cannabis sativa Cannabacea

e 

Whole 

plant 

The drug is used as narcotic, 

anticonvulsant, anti-anxiety, 

antitussive, analgesic, stomachic 

and hypnotic. It is useful for 

cancer patient in relief nausea and 

vomiting produced by 

chemotherapy. 

Turmeric, 

Haldi 

(Herb) 

Curcuma longa 

 

Zingiberace

ae 

Rhizome It is used as carminative, 

aeromatic, stomachic, blood 

purifier and stimulant. It is used 

in menstrual pain, liver diseases 

and used in preparation of curry 

powders, sauces. 

Kilmorha 

(Shrub) 

Berberis chitria Berberidace

ae 

Root 

 

Root extract is very useful in 

higher fever, jaundice, diabetes, 

stomach disorders, rheumatism, 

eye, ear and skin disease ( Singh et 

al., 2007) 

Goatweed 

(Herb) 

 

Ageratum 

conyzoides L. 

 

Asteraceae 

 

Leaf Leaves paste is very useful in 

wound healing (Joshi, Pant. 2012) 

treatment of leprosy, diarrhea, 

dysentery, intestinal colic, 

rheumatism, fever (Kamboj and 

Saluja, 2008) 

Punarnava 

(Herb) 

 

 

Boerhavia 

diffusa L. 

 

Nyctaginac

eae 

Root 

 

Juice of fresh roots is used as eye 

drops (Joshi, Pant, 2012); very 

useful tonic to liver problem, 

jaundice, asthma with 

antimicrobial activity (Adesina, 

2008, Kumar et al., 2014) 
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Daya 

(Shrub) 

 

Callicarpa 

macrophylla 

 

Lamiaceae Fruit 

 

Very helpful in urinary disorders, 

diarrhea, defecation, skin problem 

and hair care (Sharma  et al., 2003, 

Hossan  et al., 2009) 

Timil 

(Tree) 

Ficus auriculata Moraceae Whole 

plant 

 

Gastrointestinal problems treated 

by using 50-100ml fresh leaves juice 

when used regularly upto 10 days 

(Rout, 2009). Bark and root show 

hypoglycemic and anthelmintic 

activity (Mazumder  et al., 2009, 

Ghosh   et al., 2004). Fruit extracts 

exhibits anti-tumour activity. 

Jangli ajwain 

(Herb) 

Thymus linearis 

Benth. 

Lamiaceae seeds It is considered to be an excellent 

expectorant, antispasmodic and 

carminative. It contains essential 

oils including thymol having strong 

antiseptic properties. It has been 

used to treat  respiratory disorders, 

gastrointestinal problems, and 

against hookworm             (Khare, 

2007) 

Bichhu Booti 

(Herb) 

Urtica dioica 

Linn. 

Urticaceae Whole 

plant 

It has haemostatic properties. 

Used in uterine haemorrhage, 

nose bleeding and vomiting of 

blood. Also useful in sciatica and 

rheumatism. Roots are used to 

heal minor wounds. Tender leaves 

and shoots cooked as vegetable 

(Khare, 2007, Mir, 2014) 

Timbur 

(Shrub) 

Zanthoxylum 

armatum 

Rutaceae Bark, 

fruits and 

seeds 

Bark, fruits and seeds are used as 

carminative, stomachic and 

anthelmintic. Stems exhibit 

hypoglycaemic activity. Fruits and 

seeds are employed as tonic in 

fever and dyspepsia. Fruits are 

used for dental problems and 

scabies        (Khare, 2007) 

Nirgundi 

(Shrub) 

Vitex negundo 

Linn. 

Verbenacea

e 

Leaves It has anti-arthritic, vermifuge, 

cardiac demulscent, 

emmenogogue, expectorant, 

febrifuge and nerve tonic 

properties. Also useful in asthma, 

lung diseases, spleen enlargement, 

tonsillitis, sciatica and 

rheumatism. Dried leaves are put 

alongwith grains to protect from 

pests (Khare, 2007) 
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Banafshah 

(Herb) 

Viola canescens 

Wall. 

Violaceae Flowers 

and whole 

plants 

Flowers and whole plants are 

used in cold and cough. 

Dandelion,  

Dhoodhali 

(Herb) 

Taraxacum 

officinale Wigg. 

Asteraceae Whole 

plant 

Rhizomes and roots are used raw 

as salad, constitute the drug 

taraxacum used as a mild laxative 

and increase the flow of bile. Also 

used as diuretic, stomachic, 

hepatic stimulant and tonic. 

Leaves and flower heads are used 

in the preparation of beer and 

wine. Leaves are consumed as 

vegetable.  (Khare, 2007) 

Wild 

Marrigold, 

Jangli gainda 

(Herb) 

Tagetus minuta 

Linn. 

Asteraceae Flowers, 

seeds 

Volatile oil obtained from the 

plants has antiinflammatory, 

hypotensive, spasmolytic and 

bronchdialatory properties. 

Flowers are used as aperients, 

stomachic, diuretic and 

diaphoretic. 

Himalayan 

yellow 

raspberry, 

Hinsalu 

(Shrub) 

Rubus ellipticus 

Sm. 

Rosaceae Fruits, 

Wood 

Fruits are edible and mild 

laxative. Wood is suitable for 

gunpowder 

Burans 

(Tree) 

Rhododendron 

arboreum Sm. 

Ericaceae Flowers Flowers are used for making a 

refreshing drink. They have many 

medicinal properties. They are 

useful in amoebic dysentery, 

diarrhea, fever, rheumatism, 

wounds healing, headache and 

nose bleeding. Flowers are also 

used for making chutney, jams 

and squashes (Khare, 2007) 

Himalyan 

long leaved 

pine,  Chir, 

(Tree) 

Pinus 

roxburghii Sarg. 

Pinaceae  Turpentine obtained from the 

plants is used in pharmaceutical 

preparations, perfumery and 

industry for disinfectants, 

insecticides and varnishes. It is 

used in the gangrene of lungs, 

flatulent colic and minor 

haemorrhages. It is used 

externally in lumbago, arthritis 

and neuralgia 
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Fig Tree, 

Anjir 

(Tree) 

Ficus palmata 

Linn. 

Moraceae Fruits Fruits are edible. Used as laxative 

and in diseases of lungs and 

bladder 

Brahm Kamal 

(Herb) 

Saussurea 

obvallata 

Asteraceae Whole 

plant 

It is used to treat urogenital 

disorders, liver infections, sexually 

transmitted diseases, bone pains, 

and cold and cough. The drug is 

used in treatment of headache and 

other. 

Dhatura 

(Shrub) 

Datura 

stramonium 

Linn. 

Solanaceae Flowers, 

Fruits 

Flowers are considered sacred and 

offered to appease Lord Shiva. 

Powdered seeds are prescribed 

with cow’s milk for fever. Fruits 

are intoxicating. Inhalation of 

smoke of burning leaves is 

believed to cure asthma. (Khare 

C.P. 2007) 

Dalchini, 

Tezpat 

(Tree) 

Cinnamomum 

tamala Nees & 

Eberm 

Lauraceae Leaves Leaves are carminative and used 

as spice. They are also used in 

cough, cold, bronchitis, asthma, 

tuberculosis and menstrual 

disorders 

Devdaru, 

Devdar 

(Tree) 

Cedrus deodara 

(Roxb.) Loud. 

Pinaceae  Wood is carminative, diaphoretic 

and diuretic. Also given in fever, 

flatulence, heart palpitation, 

paralysis, pulmonary troubles, 

and urinary diseases (Khare, 2007) 

 

CONCLUSION 

Most of the plants grown in the Himalayan region have economic value from either a 

nutritional, esthetics or medicinal viewpoint. A large number of crude drugs in the Indian 

market come from this Himalayan region. The herbal products made by these plants are today 

the symbol of safety in contrast to the synthetic drugs that are regarded as unsafe to human 

being and hazardous to the environment. In the Indian Red Data Book about 30 species of 

Garhwal Himalaya have been listed in various categories under threat (Nayar and Shastri, 1987-

90) of which 24 species are from high altitute alpine regions. Furthermore, 45 more species of 

these plants (excluding Red Data Book) which need special attention for conservation. Due to 

non-availability in abundance, different populations are completely wiped off for economizing 

the collection activity. Most of the medicinal plant misused indiscriminately from their native 

places. Medicinal plants and their uses in the indigenous medicine are well known to many 

Indian communities. The recent trend has been to blend the traditional knowledge with modern 

heath care practices to provide effective health care services to a wider population. The basic 
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ingredients in the traditional medicine are the medicinal plants, which are depleting at a faster 

rate due to increase in consumption and indiscriminate drawl of resources from the wild. With 

the changing scenario, It is very important to enhance and promote the conservation and 

cultivation of these natural resources especially medicinal plants. In addition to the requirement 

for conservation of medicinal plants it has also become essential to protect and patent the 

traditional knowledge (Raghupathy, 2001). India’s tribal societies have been using their 

knowledge about medicinal plants beneficially over immemorial period of time. As far the 

knowledge we have acquired, almost all of these plants or plant parts proved to be effective 

even in the most effective problems. 
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ABSTRACT 

The quality of the water is negatively impacted by industrial and domestic activities due to a 

variety of pollutants. The removal of the non-biodegradable organic chemicals from water is a 

crucial ecological problem. Semiconductor nanomaterial based processes are providing 

affordable solutions to polluted water treatments that require simple infrastructures. 

Heterogeneous photocatalysis by semiconductor nanomaterials is an emerging technique for 

water purification. There are a number of simple oxide and sulphide semiconductors that have 

band-gap energies high enough to support or catalyse a variety of photochemical reactions. 

These include TiO2, WO3, SrTiO3, Fe2O3, ZnO, ZnS and so on. The effective nanocatalyst for 

environmental applications is Titanium dioxide. The aim of the present study is to review the 

possible applications of the nanomaterials especially TiO2 for cleaning up of contaminated 

water. 

KEYWORDS: Nanocatalyst, Polluted water, Semiconductor, Titanium dioxide.  

INTRODUCTION 

For the next few decades, at the very least, the world faces enormous challenges ahead as 

drinking water runs short because of pollution and population increase. Serious issues 

regarding the cleanup of contaminated water will be faced. Despite considerable effort over the 

past 25 years, the task is still very much unfinished. 

Due to industrialisation and urbanisation, environmental contamination problems have been 

generated with reference to drinking water. Effluents from different industries contain both 

organic and inorganic pollutants which needs further treatment before being discharged to the 

environment. When the pollutants are discharged into water, a sucession of changes in water 

quality takes place. There is an urgent need to reduce pollution of the existing water resources 

by various types of pollutants such as dyes and pesticides. Otherwise it may lead to the global 

scarcity of pure water [1]. The contaminated water also contains several pathogenic bacteria and 

fungi which are responsible for harmful diseases. 

Effective industrial effluent treatment at the source or before the final disposal is one of the 

methods used to regulate water quality. The need for decontamination procedures is significant. 

Reusing water is also made possible by effective cleanup. If the water supplies have already 

been harmed, it is essential to treat the water before it is consumed by people. This is especially 
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important for developing nations, where there is growing pressure to boost agricultural 

production to fulfil the demands of an expanding population, which may lead to a rise in the 

usage of pesticides eventually polluting water bodies. 

Pollutants like dyes and pesticides pose problem to the environment due to their long time 

persistence without being degraded in the environment and their long time effects on human 

health and animal life. Hence, they must be treated with appropriate process for 

decontamination. 

ADVANCED PHOTOCHEMICAL OXIDATION PROCESSES  

Advanced Photochemical Oxidation process (APO) is one of the interesting class in advanced 

oxidation technology which can be employed for abatement of polluted water. Advanced 

photochemical processes are associated with the production of hydroxyl free radicals, which are 

triggered by transferring photons of the proper energy to the chemical species or catalyst 

molecules present in the solution. In its broader sense, APO used so far can be divided into two 

major categories i.e. homogeneous and heterogeneous photocatalysis, in which heterogeneous 

photo catalysis plays crucial role. 

HETEROGENEOUS PHOTOCATALYSIS 

Heterogeneous photocatalysis is a process that involves the combination of light energy in the 

form of photons and catalysts to enable the reaction to proceed. Reactants and catalysts are 

present in various phases, and the reaction takes place with these components present. 

Chemical reaction occurs only when light and catalysts are used together in this process. 

Catalysts provide reactants with a surface as a support for chemical reaction in heterogeneous 

catalysis, when catalysts and reactants are in distinct phases. There are two categories of 

support material in this process. These are: 

i) Inorganic supports that simply help the chemical reaction, such as SiO2 or Al2O3, 

ii) Supporters of semiconductors, such as TiO2 or ZnO, which actively take part in the 

photochemical reaction by absorbing incident photons and imparting charge to absorbed 

molecules. 

Heterogeneous photocatalytic processes have become more popular in the field of wastewater 

treatment as they provide complete organic mineralization while operating at low temperatures 

and pressures [2]. In photocatalytically induced chemical processes, the semiconductor 

photocatalyst interacts with molecules of chemical species already present in the solution to 

form free radicals, which are essential to the reaction. 

The ability to effectively use sunlight or near UV light [3] for irradiation is one of the main 

benefits of photocatalytic oxidation-based processes. This should result in significant financial 

savings, especially for large-scale operations. 

SEMICONDUCTOR PHOTOCATALYSIS 

Semiconductor photocatalysis (SP) is a term that refers to a wide range of processes and 

reactions including photocatalytic oxidation, photocatalytic reduction, 18O2 - 16O2 and 

deuterium-alkane isotopic exchange, water detoxification, gas-phase pollutant removal and a 

number of other environmental applications [4]. 

The most well-known of the SP processes is photo catalytic oxidation, which typically entails 

the heterogeneous catalytic activation of a nanosized semiconductor by irradiation from a light 
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source at the proper wavelength, depending on the semiconductor's band gap energy. In order 

to produce products that are favourable to the environment such as water, CO2 and mineral 

acids, this activation creates hydroxyl and other highly reactive oxygenated radicals that aid in 

the oxidative breakdown of organic, inorganic, and metallic contaminants.  

In SP reactions, several metal oxides, such as Titanium dioxide, Zinc oxide, Tungston oxide 

etc are utilised as nanocatalysts. Nanoscale titanium dioxide (TiO2)-mediated photocatalysis has 

garnered particular attention among all the metal oxides. Anatase, rutile, and brookite are the 

three different polymorphs of TiO2, and anatase is the best photocatalyst especially for 

environmental applications and the required bandgap is 3.20 eV [4]. 

In addition to water and air purification, semiconductor photocatalysis has been used to 

address a number of environmental issues, with a major focus on TiO2 nanomaterial as a 

durable photocatalyst. It can be used to eliminate microorganisms like bacteria and viruses, to 

inactivate cancer cells, to regulate odours, to photosplit water for generation of hydrogen gas, to 

fix nitrogen, to clean up oil spills and so on. 

Due to their electronic structure, which is characterised by a filled valence band and an unfilled 

conduction band, the semiconductors can serve as sensitizers for light reduced reduction-

oxidation processes. A hole (hvb+) is left behind when an electron (ecb-) is pushed from the 

valence band (VB) into the conduction band (CB) by a photon with an energy of hv equal to or 

greater than the semiconductor's band gap energy (Eg). 

CHOICE OF SEMICONDUCTOR 

Among these nanosized semiconductors, the one which would be suitable for widespread 

environmental applications should fulfil the following conditions: 

 High photocatalytic activity 

 Non-toxic 

 High aqueous solution stability 

 High resistance to photocorrosion 

 Simple to handle 

 High protection against photo-induced deterioration 

 High light-conversion rate and 

 Low cost 

In accordance with the stability requirements, metal sulphide semiconductors are unstable 

because they easily experience photoanodic corrosion, and iron oxide polymorphs (Fe2O3, 

FeOOH, -FeOOH, -FeOOH, and -FeOOH) are likewise unsuitable semiconductors because they 

easily experience photocathodic corrosion. Zinc oxide nanoparticles seem to be a good 

alternative, but they are unstable due to improper dissociation [5], which results in Zn(OH)2 on 

the ZnO surfaces and eventually causes the catalyst to become inactive. However, TiO2 has 

emerged as the semiconductor that is most suited for common environmental applications [6]. 

TiO2 is stable with regard to photocorrosion and chemical corrosion and is physiologically and 

chemically inert. 

As said earlier, due to unique qualities of Titanium dioxide like stability, non-toxicity, 

biocompatibility, optical and electrical properties, it is widely regarded as one of the greatest 

heterogeneous photocatalysts. Recent advances in nanotechnology have demonstrated that a 
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variety of organic and inorganic pollutants in water can be photodegraded with high activity 

using nano-sized Titanium dioxide photocatalysts.  

Although TiO2 is better than the rest of semiconductors for many practical applications, some 

defects limit its photocatalytic activities [7] among which the following are important of its 

drawbacks. 

a. It has high band gap energy (3.2eV) and it can be excited only with UV light which is only 4-

5% of the overall electromagnetic radiation reaching the surface of the earth. This is not 

sufficient to achieve significant photodegradation in short period of time. Artificial light 

source for UV (such as mercury lamp or Xe lamp) needs high electrical power and also 

unstable and expensive in large scale photodegradation processes. 

b. The electron-hole recombination at high rate within nanoseconds at TiO2 surface results in 

its low efficiency of photocatalysis. 

c. Its photocatalytic activity is low in the absence of promoters (like Pt or RuO2) 

Degradation of dyes & pesticides 

Several studies on the physical, chemical and biological degradation of dyes in wastewater have 

been reported in the literature [8, 9]. The most widely employed of these are physical ways like 

adsorption, biological methods (biodegradation) and chemical methods (chlorination, 

ozonation). Various techniques such flocculation, reverse osmosis, adsorption on activated 

carbon can also be employed but the fundamental disadvantage of these techniques is the 

development of a pollutant-containing phase that is more concentrated. Semiconductor 

nanomaterials were found to be more promising for degradation of pollutants in water.  

Li Jingyi et al. [11] synthesized TiO2 pillared bentonite samples dried under different conditions 

for degradation of Orangr II dye and found that the super critical dried sample exhibited high 

photocatalytic activity due to its structural features. TiO2 nanomaterails were synthesized at 

different calcinations temperatures (300-6000C) and performed the degradation of acid orange 

dye to check the effect of calcination temperature on photocatalytic activity and identified that 

the photocatalytic degradation of dyes decreased with increase in temperature [12].  

The removal and degradation of pesticide residues requires effective approaches in order to 

prevent potential human exposure to them through food and drinking water. It is possible to 

degrade pesticide residues using several traditional techniques such as photolysis, hydrolysis, 

ozonation, ultrasonic irradiation and ionising radiation [13]. Although sometimes unwanted 

hazardous chemicals are created, the effectiveness of the removal procedures is rather 

constrained. As a result, it is of utmost necessity to establish a different strategy to solve the 

aforementioned issues, and semiconductor nanomaterials have assumed a pivotal position in 

this situation. 

The photocatalytic degradation of Malathion pesticide using TiO2 nanomaterials under different 

parameters like varying pH, catalyst concentration and oxidant addition (H2O2) were conducted 

[14]. Optimum conditions were established and the mineralization process was monitored 

through COD measurements. The photodegradation of two organophosphorus pesticides, 

Malathion and diazion, by sulphate and bicarbonate radicals in aqueous solution under UV 

light and studied the effect of different operational parameters (pH, salt concentration, water 

type, H2O2 concentration and initial concentration of pesticides) [15].  
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Nevertheless, semiconductor nanocatalysis founds to be the promising method for degradation 

of dyes and pesticides in contaminated water. 
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ABSTRACT 

Several studies and researches have been conducted on the sources and characteristics of 

wastes as well as the possible adverse effect of inappropriate handling and best international 

practices. Waste management or waste disposal consists of the tactics and movements required 

to manage waste from its inception to its very last disposal. This consists of the collection, 

transport, treatment and disposal of waste, together with monitoring and law of the waste 

management process and waste-related laws, technology, economic mechanisms. Waste control 

refers collectively to the collection, transportation, and handling and disposal technique of 

managing removal of human waste. Waste control, normally, covers all aspects of human waste 

which include waste discount. Waste control can contain solid, liquid or gaseous substances 

with exclusive techniques and fields of understanding for each. Waste control practices 

fluctuate for advanced and growing nations, for urban and rural areas, and for residential, 

industrial, and commercial producers. The global e-waste monitor, collaboration between the 

International Telecommunication Union (ITU) and the United Nations University, estimated 

that India generated 1.975 million tonnes of e-waste in 2016 or approximately 1. Five kg of e-

waste consistent with capita. Tamil Nadu has population of 7.21 Crores, a boom from determine 

of 6.24 Crore in 2001 census. Total population of Tamil Nadu as in keeping with 2011 census is 

seventy-two, 147,030 of which male and woman are 36,137,975 and 36,009, half respectively. 

Out of total population of Tamil Nadu, forty-eight.40% people stay in urban areas. The city 

populace in the ultimate 10 years has expanded by means of 48.40 percent. 

KEYWORDS: Waste, Solid waste, Liquid waste, Urban, Residential, ITU. 

INTRODUCTION 

Most human activities generate waste materials. Waste control is all the ones conditioning and 

motion had to manage waste from its graduation to its final disposal. This includes among other 

consequences, series, transport, remedy and disposal of waste collectively with monitoring and 

regulation. As the volume of wastes increases, so additionally does the form of the waste 

growth. Waste management offers with all styles of waste, along with business, biological, 

household, municipal, natural, biomedical, radioactive wastes. In the ones days, the 

environment easily absorbed the quantity of waste produced with none form of deterioration. 

In a few instances, waste can pose a threat to human health. Health problems are related at 
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some stage in the entire technique of waste management. “The collection, shipping, recovery 

and disposal waste, inclusive of the supervision of comparable operation and aftercare of 

disposal spots.” by means of European Union directive on waste. It's a supported chop again 

unfavourable goods of waste on mortal health, the environment, planetary coffers and 

aesthetics. A large a vicinity of waste operation deals with outside solid waste. This is created 

by using artificial, marketable, and residence exertion. Waste operation practices don't look like 

invariant amongst countries (developed and growing nations) areas (urban and rural regions), 

and domestic and artificial sectors can all take absolutely unique procedures. Consequently, 

inside the 19thcentury public officers started to dispose waste in a managed manner in other to 

secure guard public health. Most advanced nations surpassed via a duration once they were 

developing environmentally. (Tchobanoglous G. et al., 1993). Today, however, maximum of 

these nations have efficaciously addressed lots of the health and environmental pollutants 

troubles associated with wastes generation. (Brunner et al.). 

CLASSIFICATION AND TYPES OF WASTE   

Waste arises in many different forms and its characteristics scan be expressed in several forms. 

Some characteristics and classification of waste a physical status, properties, Reusable 

potentials. Environmental impact of waste is divided by biodegradable potentials, effect on 

human health and the Source of production. Physical Status of waste types are solid, liquid and 

gaseous waste are classified. The most commonly used classifications are illustrated below. 

 
Figure 1: Types of waste 

 
Figure 2: Environmental impact of waste 
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EFFECT OF WASTE 

 Environmental effects and 

 Economic effects 

SOURCE OF WASTE  

 Household/Domestic waste  

 Industrial waste  

 Agricultural waste 

 Commercial waste 

 Demolition and  

 construction waste  

 Mining waste 

 

Household Agricultural 

Industries Fisheries 

Figure 3: Sources of Waste 

SOLID WASTE 

Solid waste is referring to right here to any or all liquid waste. Solid waste control will be a term 

it truly is wont to check with the approach of assembling and treating stable wastes. Since solid 

waste include numerous varieties of waste, it's far essential to in brief look at the various 

bureaucracy and styles of solid waste. It is conjointly gives solutions for employment matters 

that don't belong to rubbish or trash. In growing nations, public health continues to be the 

maximum driving force, this is additionally mirrored in the indisputable truth that those 

countries specialize in waste assortment and assign very little investment to waste remedy. 

Municipal stable waste (MSW) is a vital waste move and also one of the maximum studied. 

Agricultural wastes are wastes arising from sports which include the rearing of livestock, 

sowing of vegetation and from milk production. Industrial wastes as waste produced as a result 

of the processing of raw materials for the production of new merchandise. Commercial waste is 
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a crucial waste stream in particular considering the considerable quantity of stable waste 

generated from this zone. Solid waste from the development enterprise one of the essential 

waste streams in many countries (Vergara et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Types of Solid Waste 

 

LIQUID WASTE  

Liquid waste might be outlined in and of itself Liquids as waste fabric, fat, oils or grease (FOG), 

used oil, beverages, solids, gases, or sludge and unsafe unit drinks. These are drinks that 

rectangular degree unstable or likely dangerous to human fitness or the putting. They may also 

be discarded business product classified as “Liquid Industrial Waste” like cleaning fluids or 

pesticides, or the with the aid of-merchandise of producing strategies. (White et al., 1995). 

GASEOUS WASTE  

Gaseous waste is commonly generated by using human action. Vaporific wastes are of vaporific 

country in conventional temperature. Most of the vaporific wastes made in the chemical 

industries are made as byproducts of the monetary procedures. The vaporific wastes embody 

CO2 (CO2), methane series (CH4), greenhouse emission (CFC), oxides of element (NOx), CO 

(CO) and so forth. Considering totally special dangers that such waste ought to motive, those 

vaporific waste are typically filtered victimization bioreactors either to convert into much less 

risky vaporific waste or to minimize the concentration of the unsafe gasoline emission. 

WASTE MANAGEMENT 

The strategies were based on the principles of the Integrated Solid Waste Management (ISWM) 

approach (3Rs) of an efficient and effective sustainable waste management, viz., Reduce, Reuse 

and Recycle.  (European Environment Agency, 2009) 
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Figure 5: Functional element of waste management system 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: 3R’s cycle waste 

 

REUSE  

Reuse is another effective solid waste management strategy, I that the waste is not allowed to 

enter into the disposal system. Reprocess is outlined as a victimization material while not 

additional transformation and while not dynamical its form original nature. The method helps 

within the minimizing the number of the waste created as finish as product, as save because the 

natural resources and cut back the price related to the assembly and producing. 

RECYCLE 

Within the exercise strategy, the waste materials square measure enforced within the 

production of a brand new product. During this method, the waste materials of varied forms 

square measure collected then processed. Recycle is reborn materials or waste into reusable 

material. Exercise puts objects through a method that permits them to be used once more. Cut 

back the requirement for land filling and burning. It is forest all pollution (Giusti, L.2009).  
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REDUCE 

Reduce office paper waste by implementing a proper policy to duplex all draft reports and by 

creating coaching manuals and personnel info on the market electronically. Improve product 

style to use less materials. Design packaging to eliminate excess material whereas maintaining 

strength. It works with customers to style and implement a packaging come program. It had 

been switch to reusable transport containers ad purchase product in bulk. 

PREVENTION OF WASTE 

The waste control hierarchy indicates an order of preference for movement to lessen and 

manipulate waste (UNEP, 2013). It is usually represented by inverted pyramid. The pinnacle of 

the pyramid is the flat base and it emphasizes prevention of waste era. Prevention is the 

foremost step. It can be achieved by the usage of the substances at some stage in manufacture. 

Avoiding unsafe material is likewise a method of prevention. Human interactions with the 

surroundings (human sports) have continually led to waste production. However, that waste 

production and control become no longer a main difficulty until humans started out residing 

collectively in communities. That, there is exceptional types of technique to waste control. 

Hence, the control of these waste streams would possibly differ (Demirbas, 2011). 

 
Figure 7: Stages of waste 

 

Waste interference relates to decreasing the range of waste generated, lowering the variety of 

risky waste and reducing the impact of that waste on the environment. Once individuals 

produce much less waste, they consume fewer sources. Waste interference makes a specialty of 

lowering the wide variety of waste that you surely generate at supply. It includes watching 

your producing, processing, packaging, garage, usage and disposal procedures to identify 

opportunities to manipulate waste and reduce its effect on the environment. 

Waste collection efficiency in India cities range from 50% to 90%. According to the 

Environmental Protection Agency (EPA), in 2015, approximately 262 million tons of trash 

becomes produced inside the United States while simplest 68 million heaps was recycled and 23 

million heaps have been composted. Waste Prevention is practices that reduce down the 

quantity and the toxicity of wastes which might be generated at home, paintings, school and on 
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your normal life prior to recycling, remedy or disposal. Waste Prevention is also referred as 

Source Reduction and Waste Minimization. Waste Prevention is NOT recycling. The principal 

intention is to eliminate waste earlier than it is produced. A simple example of waste prevention 

is the usage of reusable utensils rather than disposable ones (Beranek, W.1992). 

BENEFITS OF WASTE REDUCTION INCLUDES 

 Decreasing the demand of landfill space, 

 Conserving energy and resources, 

 Reducing pollution, and 

 Making production processes more efficient. 

 
Figure 8: Waste management policies 

CONCLUSION  

It is found that with increase in the global population and rising demand for food and it her 

essentials. There has been a rise in the mount to waste will being generated daily by each 

household. That is not properly managed. Especially excrete and other liquid and solid waste 

from households and the community, are a serious health hazards and lead to the spread of 

infectious disease. Issues need governmental attention. Generate waste too dangerous need 

now. Between 2000 to 2025 waste composition in India garbage will undergo following changes; 

organic waste will go up from 40% to 60%. Plastic will rise from 4% to 6%. Metal will escalate 

from1% to 4%. Glass will increase from2% to 3%. Paper will climb from5% to 15%. Others (ash, 

sand, grit) will decrease from47% to12%. Little awareness should exist amongst the people. 

Crucial to educate people convince for adoption of waste hierarchy.  
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ABSTRACT 

In comparison to ancient days, technology and instrumentation methods have been improved 

for analytical techniques but typical errors still occur. There are essential parts that make up any 

high-performance liquid chromatography (HPLC) system. Indeed, regardless of whether it's a 

convoluted or unique system. An error can arise in each component as well as every new 

method that can affect the overall system performance and analytical results as well. The 

present review deals with the analytical error of HPLC analysis which depends on the 

components that are pumps, injectors, columns, and detectors. It is a logical, systematic search 

for the source of errors that were fully enumerated in this chapter. So that, it can be solved 

immediately and perform the HPLC analysis again to achieve good results as much. Hence, the 

error should be focused on future endeavors for method development by using the HPLC 

system to avoid unnecessary actions and will get desired results. 

KEYWORDS: HPLC, analytical problems, causes and remedies. 

INTRODUCTION 

High-performance liquid chromatography (HPLC), sometimes called high-pressure liquid 

chromatography, is used to isolate and characterize individual substances in a complex mixture, 

as well as to measure how much of each substance there is. The sample combination is then 

dissolved in a liquid solvent and passed under high pressure through a column of solid 

adsorbent material. After separation, distinct flow rates are attained because different sample 

components interact with the adsorbent material in different ways. Medical (for detecting 

vitamin D levels in blood serum), forensic (for detecting performance-enhancing drugs in 

urine), scientific (for separating components of a complex biological sample, or of similar 

synthetic chemicals from each other), and industrial applications have all made use of high-

performance liquid chromatography (HPLC). 

HPLC technique development has been simplified by advances in column technology and 

equipment, yet problems still arise on occasion. In this study, we provide a systematic strategy 

for identifying, isolating, and correcting a broad range of typical HPLC problems. The core 

elements of an HPLC system are same regardless of whether you go with a modular setup or a 
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more sophisticated instrument. Several potential failure modes exist in a system, and each may 

affect overall performance. A few common complaints are answered in this piece. The failure of 

an HPLC system might result from a number of different causes. Finding the root of the 

problem is the first step towards resolving it. In most cases, the underlying source of the issue 

can be identified and corrected by this method. 

MOBILE PHASE PROBLEMS 

When the chromatogram reveals poor sensitivity, rising baselines, noise, or spikes, the mobile 

phase is frequently to fault. Contaminants in the mobile phase might be a major hindrance in 

gradient elution. The baseline may move higher and spurious peaks may emerge as the 

concentration of the contaminated component increases. 

Water is the most prevalent pollutant found during reversed phase analysis. Whenever 

possible, ultra-pure water sources, such as distilled or deionized water, should be used to create 

mobile phases. Still, several of the most common types of deionizers add harmful chemical 

molecules to the water supply. Deionized water may have its impurities removed using either 

activated charcoal or a preparative C18 column. 

You should only utilize solvents, salts, ion pair reagents, and base and acid modifiers that are 

specifically designed for use in high-performance liquid chromatography. Low-quality solvents 

need more work to clean and may remove fewer contaminants than better ones. These 

contaminant residues might potentially compromise the performance of very sensitive UV or 

fluorescence detectors. 

Making aqueous buffers from scratch and filtering them (with a 0.2 µ or 0.45 µ filter) just before 

use is recommended since many aqueous buffers promote microbial or algal growth. Filtering 

also removes particles that might block the column or contribute to an unstable baseline. NaN3 

(sodium azide) added to aqueous buffers at concentrations of around 100 ppm may inhibit 

microbial growth. You may also use organic solvents like ethanol or acetonitrile, at 

concentrations of 20% or more, to make these buffers. 

Degassing the mobile phase removes any air that might cause bubbles. Sparging using helium 

may be possible if the mobile phase does not include any volatile components, however an in-

line degasser is the preferred method. 

Ion pair-generating compounds are dangerous and must be handled with caution. The optimal 

chain length and reagent concentration must be determined for every experiment. Possible 

concentrations include less than 0.2 mM and more than 150 mM. With an increase in 

concentration or in the length of the chain, the retention times increase. If a solution has a high 

concentration (>50%) of acetonitrile or another organic solvent, ion pair reagents may 

precipitate. Many ion pair reagents have salts that are insoluble in water and will thus 

precipitate. In order to avoid this problem when dealing with long-chain sulfonic acids, buffers 

containing sodium (such as sodium dodecyl sulphate) are often used. 

Chemicals that need further study may sometimes be recovered with the use of volatile basic 

and acidic modifiers like triethylamine (TEA) and trifluoracetic acid (TFA). Furthermore, by 

using these modulators, you may avoid problems often associated with ion pair reagents. The 

buffer might include TEA at 0.1-1.0% and TFA at 0.015-0.15%. Increases in concentration 
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provide more symmetrical peaks for certain compounds, but they also change the retention 

times. 

Because of the high cost of solvents, the difficulty in properly disposing of spent solvents, and 

the time required to prepare the mobile phase, the practice of reusing the mobile phase used for 

isocratic separations has gained appeal. As soon as a microprocessor-controlled switching valve 

in a solvent recovery system detects a peak, the solvent stream is redirected to the waste bin. 

When the initial value falls below the threshold, the clean solvent is sent back to the solvent 

storage tank. 

PUMP PROBLEMS 

The column requires a constant supply of solvent, which the pump must provide under 

different conditions. HPLC devices may use either single or double piston pumps, syringe 

pumps, or diaphragm pumps. 

In most cases, figuring out what's wrong with the pumping system and fixing it is a breeze. The 

chromatogram may show abnormalities such as retention times that are too long or too short, or 

noisy baselines or unexpected peaks. Poor chromatographic results are the result of faulty 

pump seals and fittings. Salt buildup at a pump connection is a warning sign. The buffer salts in 

the system should be flushed out with fresh deionized water every day. Find and solve 

problems that are specific to your equipment by consulting the troubleshooting and 

maintenance recommendations included in the user handbook. Pumps need regular 

maintenance, including the replacement of seals. Regular maintenance should be performed 

instead than waiting for problems to appear. 

INJECTOR AND INJECTION SOLVENTS 

The sample is inserted into the system with little disruption to the solvent flow thanks to the 

injector. Modern HPLC systems may employ a syringe, a fixed loop, or a variable loop injector. 

You may turn them on using a switch, a button, or even a pneumatic system. 

Injector problems that are purely mechanical may easily be identified and fixed (such as leaks, 

clogged capillary tubing, and worn seals). Without a precolumn filter, the column frit may get 

blocked if the injector seal were to deteriorate physically. It's more difficult to find a solution to 

certain problems, including those requiring injections that can't be duplicated. 

Variable peak heights, split peaks and broad peaks may be caused by a number of factors, 

including insufficient sample injection, an incompatible injection solvent, or inadequate sample 

solubility. When possible, dissolve and inject samples in the mobile phase. Unless the injection 

solvent is weaker than the mobile phase, elution will not be successful. Note that some 

autosamplers need for the use of specialized syringe cleaning solutions. The mobile phase 

should be more aggressive than the wash solution to ensure compatibility. Important beyond 

measure for transformation between normal and reversed phase research. 

COLUMN PROTECTION 

Equipment that includes mobile phase intake filters; pre-injector and pre-column filters, and 

guard columns may greatly reduce problems associated with complex separations. Before 

analysis, every sample has to be filtered through a syringe filter with a pore size of either 0.45 m 

or 0.2 m. Guard columns are something we highly recommend. Guard columns and filters are 
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used to keep particulates and highly retained compounds from contaminating analytical 

columns. The durability of these disposable products is dependent on factors such mobile phase 

composition, sample purity, pH, etc. Clogging these devices with particles causes pressure 

increases and the appearance of expanded or split peaks. As seen in Figure, guard columns 

serve an essential purpose. 

 
Figure 1: Supelguard Columns Prolong the Lifespan of Analytical Columns 

 

TIPS FOR MAXIMIZING THE USE OF ANALYTICAL COLUMN 

The most prevalent issue with analytical columns is degradation, and this is true regardless of 

the packing technique used (bonded reversed or normal phase, ion exchange, affinity, 

hydrophobic interaction, size exclusion, or resin/silica-based packing). Loss of peak form, split 

peaks, shoulders, lack of resolve, shorter retention durations, and increased back pressure are 

all symptoms of degeneration. The accumulation of impurities on the frit or column intake, 

cavities, channels, or a depression in the packing bed might all contribute to these issues. 

High-efficiency columns may show the most signs of wear and tear over time. When compared 

to a 5- or 10-micron packing held by 2-micron or bigger frits, a 3-micron packing held by 0.5-

micron frits is significantly easier to plug. Careful attention to column maintenance and sample 

preparation will get the best results from each column. Inadequate peak forms and other issues 

might result from overusing a column. 

TYPICAL COLUMN CAPACITY 

While the maximum number of analytes that may be loaded into a column can vary depending 

on a number of parameters, some common numbers are as follows:   

Table 1: Column with different parameters 
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SOLVING DETECTOR PROBLEMS 

Electrical problems and mechanical/optical problems are the two most common forms of 

detector failures. If there are electrical problems with your instrument, you should get in touch 

with the maker. The flow cell is often the root cause of mechanical or optical problems. 

Detectors may have problems including leaks, air bubbles, and cell contamination. The usual 

outcome of this is a lack of sensitivity or chromatograms with spikes or noise in the baseline 

region. 

In instance, cells used in refractive index detectors are known to be sensitive to pressure 

changes. The cell window will be broken if the flow rate or back pressure is too great. If the 

bulbs are old or damaged, or if the detector has the improper rise time, gain, or attenuation, the 

sensitivity and peak height will suffer. Problems might also be caused by incorrect or loose 

cable connections. 

COLUMN HEATER, RECORDER 

These parts of the system are seldom the source of malfunction. The troubleshooting forum is 

where these issues will be addressed. 

KEEPING ACCURATE RECORDS 

Most issues do not suddenly appear, but instead deteriorate over time. Keeping accurate 

records is therefore essential for investigating and fixing issues. 

Each new column should be evaluated as soon as feasible, and then at regular intervals 

thereafter. Column efficiency, mobile phase use, lamp current, pump performance, and other 

system variables may be tracked over time with the help of a well-kept written record. 

Keeping track of events may help avoid common blunders like adding water to a silica column 

or using too much organic solvent to precipitate the system's buffer. Many researchers utilize 

HPLC instruments that are in need of calibration. The easiest method to ensure that an 

adjustment does not cause issues is to keep meticulous records. Go to the troubleshooting 

section of the instrument's handbook if you're having issues with any of the apparatus, such as 

pumps, detectors, automated samplers, or data systems. 

HPLC PROBLEM INDEX 

 Baseline drift 

 Noise, irregular/regular 

 Column back pressure higher than usual 

 Column back pressure lower than usual 

 Ghost peaks 

 Broad peaks 

 Peak fronting 

 Rounded peaks 

 Split peaks 

 Tailing peaks 

 Tailing peaks, initial/later 

 Peak height change 

 Missing peaks 
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 Negative peaks 

 No peaks 

 Unresolved peaks 

 Retention time, variable 

 Selectivity change 

 Table 2: Different problems and its cause and remedies 
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CONCLUSION 

HPLC has wide range of applications in many fields such as analysis and separation of 

pharmaceutical, biochemistry, analyzing the air and nature pollutants. In this chapter, we can 

understand the possible analytical errors found in HPLC analysis and it was more helpful to 

maintain the HPLC system for routine performance. It may lead to reduce cost and enhance the 

performance of HPLC analysis. Hence, the error should be focused on future endeavors for 

method development by using the HPLC system to avoid unnecessary actions and will get 

desired results. 
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ABSTRACT 

Various plants have medicinal properties and it was a source of medicine in the past days and 

now these plants and their valuable products utilized as a source of medicines, which has 

recognized by the general public and scientists. These plants have some chemical constituents 

known as phytochemicals or bioactive compounds that generate physiologically action inside 

the human body. These chemical compounds have different medicinal properties. The 

medicinal plants and traditional medicines are used to the maintenance of the human body and 

to cure several types of infections in many developing countries. Total 80% population of the 

world utilized different medicinal plants as medicines. The Indian people itself usage more than 

8000 species of medicinal plants. Historical medicinal system, food supplements, nutrient 

components, advanced medicines, alternative medicines, pharmaceutical intermediary and all 

chemical group usage medicinal plants as large sources for artificial drugs. Plant medicines as 

drugs are widely used around the whole world. In this chapter, we will discuss about medicinal 

plants and their biological activities due to the presence of bioactive compounds.  

KEYWORDS: Medicinal plants, Phytochemicals, Biological Activity. 

INTRODUCTION 

Medicinal plants and their valuable products utilized as a source of medicine, which has been 

recognized by the general public and scientists. These medicinal plants have some chemical 

constituents that generate physiologically action inside the human body. These chemical 

compounds have different medicinal properties. The medicinal plants and their traditional 

medicines are used to maintain the human body and to cure several types of infections in many 

developing countries. Total 80% of the population of the world utilized different medicinal 

plants as medicine. The Indian people themselves use more than 8000 species of medicinal 

plants. Historical medicinal system, nutrient component, food supplements, advanced 

medicines, pharmaceutical industries, alternative medicines,  usage of medicinal plants as large 

sources for artificial drugs. The medicinal plants and their valuable product used as medicinal 

components as far as starting from human elevation. The value of medicinal plants has been 

mentioned earlier in Hindus culture. Plants utilized as medicines in the form of phytochemical 

components and their therapeutic or pharmacological actions.  
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Medicinal plants are very effective sources of variety of active compounds of curative value and 

its usage as an alternative medicine for handling various diseases. These are significantly 

important for the health care of individuals and communities. Plants  have  been  used  for  

thousands  of  years  to  flavor  and  conserve  food,  to  treat  health disorders  and  to  prevent  

diseases  including  epidemics.  According to the World Health Organization (WHO), about 

80% of the world’s population depends mainly on the historic plant based medicines to fulfill 

their prime health care needs. 

Medicinal plants are the basic raw material of pharmaceutical industries and it highly depends 

on the extraction of medicinally important compounds. During this time with the advancement 

of science and technology, demands of pharmaceutical industries are increasing. The useful 

medicinal plants were over exploited by the men. So there is a need for conservation and 

propagation of valuable, rare and endangered medicinal plants by using advanced 

biotechnology methods. Plants employ a major source of the healthcare system and represent 

the most important natural resources. Therefore conservation of plant species is most effective 

for wild population and natural habitats. In India, several institutes and organizations are 

involved in different aspects of drug discovery and conservation of medicinal plants from 

natural resources. 

PHYTOCHEMICALS 

Phytochemicals are mostly produced by secondary metabolism process in plants and show the 

physical and chemical reaction on the human beings (Fig1). These are also known as secondary 

metabolites. They are commonly divided into two types: Primary metabolites and Secondary 

metabolite. Primary metabolite includes proteins, carbohydrates, lipids, nucleic acids directly 

involved in growth of the plants. Secondary metabolites include alkaloids, flavonoids, phenols, 

steroids, terpenoids, tannins etc. involved in defense mechanisms of the plants. Some of 

commonly available phyto components are lycopene occur in tomatoes, isoflavones occurs in 

soy and flavonoids occurs in fruits.  

Phytochemicals are naturally biologically active chemical components of plants that have a 

property of disease protection and prevention. These chemical compounds are found in each 

part of the plants such as root, stem, leaf, flower and fruit. These included sugar, amino acids, 

proteins, steroids, alkaloids, flavonoids, glycosides, tannins, and phenols etc (Fig 2). Phenolics 

compounds have mostly distributed groups of phytochemicals. It is benzene derivatives with 

one or more hydroxyl groups linked with the aromatic ring. More than 4000 phytochemicals 

have been identified and classified according to their protective functions. These 

phytochemicals protect the plant itself and humans against different types of pathogens. They 

are active ingredients that possess biological or curative properties and are considered as a 

medicine or drug. 
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Figure 1: Phytochemicals produced by Secondary Metabolism 

 

 
Figure 2: Classification of Phytochemicals 

 

BIOLOGICAL ACTIVITY 

Biological activity or pharmacological activity describes the beneficial or adverse effect of a 

biological compound as a drug on the living matter. Medicinal plants contain a variety of 

biological compounds or phytochemicals possessing different pharmacological properties to 

protect humans against pathogens. The wide range of therapeutic effects included anti 
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microbial activity, antioxidant, anti-inflammatory activity, wound healing, anti-tumor, anti-

malarial, immunomodulatory, analgesic property, antiviral, anti-diabetic, anti-cancer, 

hepatoprotective and anti-arthritic property. (Fig 3) The medicinal, biological and 

pharmaceutical value of phytoconstituents helps in the utilization and exploration of plant 

resources in recent years. The chemical information of plants with medicinal properties and 

biological activity will add additional value for development of valuable herbal drugs. 

Biologically active compounds produced by secondary metabolism processes are responsible 

for the pharmacological properties of some medicinal plant species used all over the world for 

different purposes like treatment of infectious diseases.   

Scientists have started correlating phytochemical compounds of a plant and their 

pharmacological activity as well as botanical properties of plant and their pharmacological 

activity. Plants product play a important role in pharmacological activity as Central Nervous 

System active, cytoprotective, immunomodulators and chemotherapeutic property. Currently, 

the use of herbal medicine is increasing worldwide with investigations of the pharmacological 

activity of the bioactive compound in laboratory and their ability to treat various infections or 

diseases.  

 
Figure 3: Biological activity of Phytochemicals 
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Table 1: List of the medicinal plants and their biological activity 
  

Common Name Botanical Name Biological Activity & Uses 

सफ़ेदचित्रक Plumbago zeylanica Digestion, Obesity 

तलुसी Ocimum tenuiflorum Headache, Anti-aging, Anti-coughing 

सदाबहार Catharanthus roseus Diabetes, Cancer 

घमीरा Tridax procumbens Anti-fungal, Anti anemic 

धतरूा Datura stramonium Hair treatment, Anti-helminthic 

चिर्ुनु्डी Vitex Negundo Linn. Anti-mosquito , Anti- anxiety, Anti- 

asthma 

अश्वर्न्धा Withania somnifera Arthritis, Heart health, Anxiety & 

Stress 

अर्ुिु Terminalia arjuna Diarrhea, Cough, Asthma 

हरा ु Terminalia chebula Kidney and Liver dysfunctions 

बहरेा Terminalia bellerica Anti-ulcer, Boosts Immunity, 

Enhances Digestion 

मिुर्ा Moringa oleifera Antifungal, Antiviral, Hypertension 

छुईमईु Mimosa pudica Heal Wounds, Dysentery, Insulin 

secretion 

लमेिग्रास Cymbopogon citratus High blood pressure, convulsions, 

Pain, Vomiting, 

वेटिवर Vetiveria zizanioides Cooling agent, Stress reliever and 

Blood purifier 

अर्वाइि Trachyspermum ammi Indigestion, Diarrhea, Antibacterial 

र्ट्रोफा Jatropha gossypifolia Anticancer, Antihypertensive, 

Antimicrobial, Seeds poisonous 

र्धंरार् Gardenia jasminoides Anti-Inflammatory, and Dermatitis 

कालमघे Andrographis  paniculata Immunity Booster, anti-diabetics 

सर्रु्धंा Indian snakeroot Anxiety, Hypertension 

दचहमि Cordia macleodii Anti-Cancer, Jaundice 

कालीहल्दी Curcuma caesia Arthritis, Asthma, Antioxidant 

भ रं्रार् Eclipta alba Hair fall treatment, Liver disorders 

केवकन्द Costus Speciosus Anti-anemia, anti-diabetes, anti-

leprosy 

केवड़ा  Pandanus fascicularis Anti-diabetes, Joint pain 

र्ाटरर्ात/हरससरं्ार Nyctanthes arbor-tristis Skin Diseases, Piles, Anti- Pyretic, 

Malaria, Dengue, Chikungunya  

सीता अशोक Saraca asoca Astringent, Blood purifying, Diuretic 

र्ड़ुमार  Gymnema sylvestre Anti-diabetic, used in snake poison. 

Jaundice, Cough 



RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

61 
 

करी र्त्ता    Murraya koenigii Anti-microbial, anti-inflammatory, 

antipyretic 

अमरुद   Psidium guajava Anti-microbial, anti-cough property 

अिार   Punica granatum 

 

Anti-microbial, anti-inflammatory, 

anti- diabetic 

आवंला  Emblica officinalis Hepatoprotective, anti-cancer, wound 

healing activity, hypolipidemic 

िीम  Azadirachta indica Anti-bacterial, anti-fungal, anti-

oxidant 

चर्लोय Tinospora cordifolia Anti- diabetic, anti-oxidant, 

Immunomodulatory 

 

There are varieties of phytochemicals listed in the above figure. Here, some major categories of 

phytochemicals that represent pharmacological or biologic activity are described below. 

ALKALOIDS 

 
Figure 4: The Biological activity of alkaloids 

 

Alkaloids are widely spread plant derived natural compounds with various prominent 

biological activities (Fig 4). Alkaloids are commonly concentrated in leaves, bark, and roots. 

Alkaloids are small organic molecules produced as secondary metabolites by the plants and 

serve as a storage form of nitrogen. Approx 20% of species of plant consist of alkaloids. 

Alkaloids play a significant role mainly in the plant defense system against pathogens and 

herbivores (Fig 5). When a predator or pathogens attacks on the plant, the alkaloid can interfere 
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with the predator protein synthesis or enzyme activity. Commonly alkaloids used in clinical 

processes include morphine, quinine, ephedrine, nicotine and strychnine etc. 

 

 
(A) 

     
     (B) 

Figure 5: (A & B): The role of Alkaloids in plant defense 
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several plants, vegetables, fruits, and leaves with promising applications, responsible for color, 
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flavonoids in their body system. Flavonoids perform numerous functions in plants such as 

attracting pollinators, regulating cell growth, protecting against insect and biotic and abiotic 
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stresses. Flavonoids possess a number of biological activities such as anticancer, antioxidant, 

anti- inflammatory etc (Fig 6A). These biological activities depend on the flavonoids types, its 

action, and its availability. Flavonoids are mainly categorized into flavonols, flavones, 

isoflavones, flavanones, anthocyanins, flavanols (Fig 6B).  

 

 
(A)                                                                              

 
 (B) 

Figure 6: (A & B): Biological activity of Flavonoids and their types 

 

TERPENOIDS 

Terpenoids, the enormous group of phytoconstituents used for medicinal application. It is also 

known as ‘isoprenoids or terpenes’. It is produced from the plants as secondary metabolites. 

Terpenes play a major role in growth, protection and survival of plants. They act as a natural 

defense of the plant against its predators and attract pollinators for their propagation. 

Terpenoids widely occur in the leaves and fruits of higher plants, conifers, citrus and 

eucalyptus trees responsible for their fragrance. Terpenoids are divided into monoterpenes, 

sesquiterpenes, diterpenes, triterpenes depending on its carbon units. There are some common 

terpenes used for various aspects (Fig 7A) like sleep, inflammation, stimulation and anxiety. 

Most of the terpenoids component are biological active and worldwide used for the treatment 

of many diseases such as cancer, microbial infection, malaria, diabetes, and cardiovascular 

diseases etc (Fig 7B). 
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(A) 

    
(B) 

             Figure 7 (A & B): The use of Terpenes and their role in biologically activity 

THE MAJOR ROLE OF THESE PHYTOCHEMICALS 

The most abundant phytochemicals are alkaloids, flavonoids, and terpenoids found in all plants 

and play a vital role in different pharmacological or biological activity. Apart from this other 

phytochemicals are also found in plants responsible for biological activity. These 

phytochemicals act in different ways to prevent microbial infection and diseases. 

 
Figure 8: The role of Bioactive Compound in Different ways 
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There are different pharmacological or biological properties occurs in medicinal plants. These 

pharmacological activities occur due to the presence of phytochemicals in plants. There are 

different biological activity and responsible phytochemical are listed in table no.2.  

Table 2: Biological Properties Due To Presence of Phytochemicals 

Biological activity Phytochemicals component 

Antibacterial activity Alkaloids, saponins, tannins, flavonoids and steroids 

Antifungal activity Flavonoids, tannins, coumarins, quinones, lignans 

Antiviral activity Alkaloids, flavonoids, lignans, coumarins, terpenes 

Antioxidant activity Polyphenols and carotenoids 

Wound healing activity Saponins, flavonoids, curcumin 

Anticancer activity Curcumin, thymol, rosmarinic acid, quercetin, rutin, 

allicin, and coumarins 

Antidiabetic activity Chlorogenic acid and chicoric acid, alkaloid 

(barberin), anthranoids, glycosides 

Antimalarial activity Alkaloids (quinine), saponine 

Anti analgesic activity Alkaloids, flavonoids, terpenoids 

Anti arthritic activity Barberin, curcumin, allicin 

Anti inflammatory activity Tannins, flavonoids, terpenoids, phenols, steroids, 

alkaloids and saponins 

Immuno-modulatory activity Flavonoids, lactones, alkaloids, diterpenoids and 

glycosides, curcumin 

Hepatoprotective activity Alkaloids, flavonoids, saponins, tannins, and 

phenolic compounds 

Antipyretic activity Alkaloids, flavonoids, steroids, saponins, cardiac 

glycosides, phenolics and terpenoids 

Cardio protective activity Diosgenin, isoflavones, sulforaphane, keratinized, 

and quercetin 

Anti diarrheal activity Alkaloids, tannins, flavonoids and terpenes 

Anti ulcer activity Tannins, phenols, triterpenes, flavonoids, saponins, 

alkaloids, glycosides 

Anthelmintic activity Alkaloids, polyphenol, flavonoids, tannins and 

saponins 

Anti-allergic activity Flavonoids,  lignans,  terpenoids,  glycosides  and 

alkaloids 
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DIAGRAMMATIC PRESENTATION OF BIOLOGICAL ACTIVITY DETERMINATION OF 

PLANTS 

                                                  

Figure 9: A general approach in the study of medicinal plant 

 

There are some common and important pharmacological properties that will be discussed in 

detail. 

ANTIMICROBIAL ACTIVITY 

Antimicrobial activity can be defined as a common mechanism for all biological active 

constituents that prevent the growth of bacteria or microbial colonies, and may destroy 

microorganisms such as bacteria, fungus and virus. There are many medicinal plants and their 

constituents used as antimicrobial agents include clove, portulaca, tribulus, cinnamon, turmeric, 

ginger, thyme, mint, fennel, chamomile, burdock, eucalyptus, primrose, lemon balm, mallow, 

and garlic etc. Most antimicrobial component do their action in different manner 

includes inhibition of cell wall synthesis, protein synthesis, nucleic acid synthesis, or disruption 

of cell membrane integrity, inhibition of metabolic process, inhibition of membrane function. 

Medicinal plants contain many secondary metabolites as phytochemicals produce antimicrobial 

activity against different microorganisms such as antibacterial, antiviral, antifungal (Fig 10).  
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Figure 10: The potential of medicinal plants and their associated microbes in the discovery of 

new antimicrobial agents 

We can determine antimicrobial activity of all medicinal plants against various pathogens by 

agar well diffusion method. We can prepare different plant extract (leaves, stems, roots) 

samples by using different solvents such as methanol, ethanol, aqueous, chloroform etc. These 

plants extract samples showing antimicrobial activity against pathogens in the form of zone of 

inhibition (Fig11). Maximum zones of inhibition represent higher antimicrobial activity. 

 
Figure 11: Zone of Inhibition of plant extract sample against pathogens 

 

ANTIOXIDANT ACTIVITY 

Natural antioxidants are mostly distributed in foods and medicinal plants. These natural 

antioxidants such as polyphenols and carotenoids, exhibit a vast range of biological effects. 

These antioxidants work as protective agents against damage caused by free 

radical components and play vital roles in the development of chronic diseases like 
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cardiovascular diseases, anaemie, aging, cancer, heart disease, inflammation. They are 

sometimes called “free-radical scavengers.” There are many vegetable plants like broccoli, 

spinach, carrots, cabbage, asparagus, avocados, beetroot, radish, lettuce, sweet potatoes, squash, 

pumpkin and potatoes are all rich in antioxidants. Antioxidants are generally two types 

enzymatic or non-enzymatic are classified depending on their action as primary antioxidants 

eg. hydrogens or electrons donors and secondary antioxidants eg. oxygen scavengers or 

chelating agents. Antioxidants can be categorized by their size, solubility, or structure. The most 

generous antioxidants work as enzymes are catalase (CAT), glutathione transferase (GST), 

glutathione peroxidase (GPX), superoxide dismutase (SOD), glutathione reductase (GR), 

ascorbate peroxidase (APX). Some antioxidants work as non-enzymatic consist of carotenoid, 

vitamin C (ascorbate), glutathione, phenolic compounds, proline, polyamine, glycine, PUFA, 

and some metals (Cu, Zu), which represent antioxidant activity by removing free radicals 

compounds. The 2, 2-diphenylpicrylhydrazyl (DPPH) assay is mostly applied in plant 

biochemistry to estimate the properties of plant components for scavenging free radicals. The 

assay is based on the measurement of the DPPH concentration changes after reacting with an 

antioxidant by spectrophotometer. 

 
Figure 12: Classification of Antioxidants 

 

Antioxidant 
activity 
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ANTI CANCER ACTIVITY 

Cancer disease is characterized by cells in the human body continually multiplying with the 

inability to be controlled or stopped and developed tumors of malignant cells. Cancer treatment 

like chemotherapy is very harmful for patients, it further damages their health. Therefore, there 

is a focus on using alternative treatments and therapies against cancer. There are varieties of 

medicinal plants used for the treatment of cancer such as periwinkle, giloy, mandukaparni, 

ginkgo biloba, garlic, arjun etc. Alkaloids, polyphenolic compounds such as flavonoids, 

curcumin, tannins, gallocatechin and resveratrol considered as anticancer compounds occur in 

plants. These bioactive compounds or phytoconstituents play a significant role in the inhibition 

process of cancer cell proliferation and induction of apoptotic cells (Fig12). The MTT/MTS is a 

colorimetric assay mostly used for evaluating primary anticancer activity of natural products 

and extracts performed in vitro. There are more than 60% of anticancer compounds obtained 

from medicinal plants useful for cancer patients. Vinca alkaloids, Podophyllum lignans, Taxus 

diterpenes, and Camptotheca alkaloids from plant extracts enhance their anticancer effects and 

improve their efficacy as therapeutic agents.  

 
Figure 13: Anticancer activity of Bioactive Compound 

 

ANTIDIABETIC ACTIVITY 

Diabetes disease mostly occurs when blood glucose or sugar level is much high. Blood glucose 

is an important source of energy, which comes from the food intake. Insulin hormone 

synthesized by the pancreas helps to utilize glucose by cells to be used for energy. The 

antidiabetic activity of medicinal plants is developed by the presence of flavonoids, coumarins, 

polyphenols, terpenoids, and other constituents that reduce blood glucose levels. Chlorogenic 

acid and Chicoric acid are the two antidiabetic phenolic phytochemicals isolated from the plant, 

which increase secretion of insulin. These phytochemicals stimulate the pancreatic beta cells to 

release high insulin into the bloodstream allowing the processing of glucose and lowering the 

blood sugar levels (Fig 12). Costus igneus, commonly known as insulin, Fenugreek and Gudmar 
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plant, Banana’s flower are believed to lower glucose levels of blood and also have antidiabetic 

properties. The majority of people have been growing with diabetes causing increased concerns 

in the medical community and the public. The treatment of diabetes with medicinal plants is 

very successful despite the antidiabetic drugs used in the pharmaceutical market. Herbal 

medicines and plant components are remarkable therapeutic agents for the treatment of 

diabetes all over world with no side effects and non-toxicity.  

 
Figure 14: The mechanism of anti-diabetic effects of medicinal plants 

 

 
Figure 15: Scope of medicinal plant in future 

 

CONCLUSION 

For many years herbal medicines have been used and are still used in developing countries as 

the primary source of medical treatment. Plants have been used in medicine for their natural 

antiseptic properties. There are more than 50,000 plant species available having biological or 
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pharmacological properties due to the presence of several bioactive compounds, which are 

useful for the treatment of various diseases. There are various plants and their biological 

activity has been listed in above tables. Nowadays herbal medicine is used by people because of 

its natural and healthy effect. Scope of medicinal plants will be increased in future in India and 

all over the world for the treatment of various infections or diseases (Fig 13). 
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ABSTRACT 

Since the dawn of time, people have eaten mushrooms; the ancient Greeks thought they gave 

warriors strength. Romans thought of mushrooms as "Food of the Gods" during times of war 

and the Chinese have revered them for ages. They have been a part of human civilization for 

thousands of years and have tremendous interest in being considered a health food, a "elixir of 

life." due of their sensory traits, the most significant civilizations in history; they have been 

praised for their beautiful cooking qualities. As a result of their low calorie, carbohydrate, fat, 

and sodium content, mushrooms are a beneficial dietary source today. Additionally, they don't 

contain any cholesterol. Additionally, mushrooms include essential elements like selenium, 

potassium, riboflavin, and protein, fiber, vitamin D, and niacin. Mushrooms have a long 

history of use as food and are significant for their therapeutic abilities and characteristics in 

traditional medicine. It has been found to have positive benefits on health and the treatment of 

several illnesses. Mushrooms have been found to provide a wide range of nutritional benefits, 

including the ability to treat or prevent conditions including Parkinson's, Alzheimer's, 

hypertension, and a higher risk of stroke. They are also used to lessen the possibility of cancer 

invasion and metastasis because of their antitumor properties. 

In addition to being potent producers of bioactive chemicals, mushrooms also have 

antimicrobial, immune system-boosting, and cholesterol-lowering properties. Some mushroom 

extracts are utilized to support human health and are available as dietary supplements as a 

result of these qualities. 

KEYWORDS: bioactive chemicals, mushrooms, Health Benefit, Antimicrobial, Immune system 

boosting. 

INTRODUCTION 

Mushroom is higher fungi which belongs to class Ascomycetes, which, under certain 

circumstances, develop a  ascocarp,   large enough to be observed with the unaided eye or 

grasped, and which grow above and beneath soil and are referred to as hypogeal or epigeal, 

respectively [1,2]. Fig. 1 illustrates the above part of ascorocarp of mushrooms, which stand in 

for their fertile and vegetative phases, respectively [3]. These fungi interact with one another in 

nature through one of three major biological systems, such as saprophytes, parasites, or 

mycorrhizae [4]. However, from old period, mushrooms have been a staple meal in many 

different cuisine cultures all over the world [5]. 
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Presence of high protein content, essential amino acid Carbohydrates, fibres, vitamins, and 

minerals, and flavorful compounds in Mushroom, It is  a significant source of nutrients and 

flavourings agents [6].  They have also been given credit for specific functioning as conventional 

medicine effectors in addition to their food-related characteristics [1,7,8,9]. The popularity of 

mushrooms around the world is mostly due to their various qualities, including their appealing 

flavour, high marketability, low calorie, salt, fat, and cholesterol content, increased protein 

content, and acceptable levels of amino acids, fiber, and vitamins [6]. 

Agaricus bisporus, Lentinula edodes, and Pleurotus spp. are the edible species of mushroom 

which was mostly ingested [10]. Globally, mushrooms have a high level of biodiversity, notably 

in Mexico [11] and India [10]. According to reports, mushrooms are commonplace in Mexico, 

where a number of species have been shown to have both nutritional and therapeutic benefits, 

making Mexico the region's leader in Latin American mushroom production [11]. Mushrooms 

have the ability to naturally produce a variety of chemical compounds that can be used in many 

applications. Additionally, there are frequently various mushroom-based products that 

promote health available on the market. 

These biochemical substances are as follows: carbohydrates (chitosans, beta-glucans/lentinan), 

proteins (lectins), fatty acids (linoleic, oleic, and palmitic), phenolic substances (caffeic, gallic, 

cinnamic, and protcatechuic acids), indole substances (L-tryptophan and 5-hydroxy-L-

tryptophan), vitamins (vitamins B complex). Their potential uses are supported by new health 

care research, and they are being explored for their biological and therapeutic qualities [12-16] 

additionally, humans have been using mushrooms as medicine for at least five thousand years 

[17, 11]. Several mushrooms have been demonstrated to possess significant biological activities, 

such as antioxidants.[18], anti-angiogenic [19] anti-biotic [20], anti-metastatic [21], anti-obesity 

[20], anti-tumor [21],anti- inflammatory [22] and immune regulatory effects [23].   

This review's objective is to study and describe the most recent findings and developments 

regarding the nutritional and bioactive properties of mushrooms, with a focus on compounds 

having biological and economic importance. Biologically important characteristics that could be 

helpful for making the most of mushrooms have also been explored along with their possible 

health benefits. 

 
Figure 1: An epigeous mushroom with a fruiting body that describes its different parts, they 

are: (A) Ascocarp, (B) Stalk(C) Mycelium in substrate 
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CHEMICAL CONSTITUENTS IN MUSHROOM 

Different types of mushrooms have different chemical makes-ups. The carbon/nitrogen (C/N) 

ratio, temperature, pH, air content, and others all have an impact on this chemical composition 

(Table 1). This review and categorization of these factors as internal and environmental [24] 

is helpful for all users, experts, executives, researchers, biologists, educators, and 

businesspeople who are concerned in mushroom farming and mushroom-based agribusiness 

industries. Nonetheless, we have covered a collection of really significant compounds in the 

section that follows: 

Table 1: Factors that influence mushroom chemical compositions. 

Internal Factors External Factors 

Substrate Types and Composition Temperature 

Sources of Nitrogen Heat treatment 

Carbon/Nitrogen (C/N) Ratio Temperature of the culture house 

pH Humidity 

Moisture Luminosity 

Minerals Air composition 

Particle size Envase 

Levels of spawning  

Surfactant  

 Source: Bellettini et al., (2019) [24] 

CARBOHYDRATE 

Edible mushrooms are known to be high in carbs due to their high percentage of glucose and 

mannitol and their low concentrations of sucrose and fructose. Due to non-starch 

carbohydrates, mushrooms are a good source of dietary fiber. Mushroom stems are a fantastic 

source of nutritious insoluble fiber. Approximately 4% to 9% of soluble fibers and 22% to 30% of 

insoluble fibers can be found in mushrooms. Previous research has shown that the P. ostreatus 

mushroom has 4.1 gram of dietary fibre per 100 gram. 

POLYSACHHARIDES 

Polysacharides represent an extensive component, in mushroom constituents, and their 

biological potential has been previously demonstred, among this, is possible to act as dietary 

fibers, components, which cannot be hydrolyzed or absorbed during the human digestive 

process exhibiting a prebiotic effect, but also, mushrooms are source of chitins or glucans as 

well as mannans [25]. Fig. 2 describes the chemical structure of glucans that are associated 

with a β (1–3), or β (1–6) linkage. The mushrooms of the Ascomycete family consist of 

chitin-mannan-β-glucans, while the Basidiomycete family consists of chitin-β-glucans [26]. 

Chitin, a complex macrofungi biopolymer  made up of proteins, glucans, and chitin, imparts 

rigidity to the fungal cell wall and supports osmotic integrity [27]. 

Around half of the fungal cell wall mass is constituted by 𝛽-glucans. They are responsible for 

anticancer, immunomodulating, antioxidant, and neuroprotective activities of many edible 

mushrooms. Also, they are recognized as potent immunological stimulators in humans. Fungal 
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products with fungal 𝛽-glucans have been consumed for thousands of years to improve general 

health. They stimulate the human immune system and protect from pathogenic microbes and 

from harmful effects of environmental toxins and carcinogens. They also protect from 

infectious diseases and aid patients’ recovery from chemotherapy and radiotherapy. 

 

Figure 2: Structure of Mushroom Glycan (Source: researchget.net) 

                                                                

PROTEIN 

A collection of nitrogen compounds make up the complex molecular components known as 

mushroom proteins, which are classified as amino acid biomolecules as a basic foundation. 

These nitrogen compounds provide these biomolecules a variety of physical, chemical, and 

biological properties [28]. 

Recent studies have demonstrated that macro-high fungi's protein output represents one of the 

most nutrient-dense components when compared to other vegetable plant proteins [2]. As a 

component of a complex network of fungus cells, edible mushrooms typically have between 19 

and 39% protein by dry weight [29]. Lectins and an inactive ribosomal enzyme or laccase, as 

well as immunomodulatory fungal proteins, make up the majority of the proteins connected to 

mushrooms [30]. 

Mushroom lectins are glycosylated proteins that have the potential to bind to carbohydrates 

with high specificity and in a reversible form [31].  Although present in many species, such 

as plants, phytoplankton, other invertebrates, or fungi, these glycosylated proteins neither serve 

as an immunological supplier nor do they indicate the enzymatic activity [32]. 

 
Figure 3: Biofunctional Components in Mushroom 

Source: https://www.sciencedirect.com/science/article/pii/S1756464620305508 
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IMMUNO STIMULATORY FUNGAL ENZYMES, PROTEINS aND AMINO ACID 

Enzymes, immune-stimulating fungi, and amino acids Various enzymes function as repressing 

ribosomal proteins that are irrevocably attached to ribosomal subunits during normal 

mushroom development, increasing the removal of adenine from RNA and preventing protein 

synthesis [33].Additionally, these enzymes have a protective effect on several plant species [34]. 

Other kinds of enzymes found in mushrooms include laccases [35]. This class of enzymes 

encourages the oxidation of diverse phenolic and inorganic chemicals linked to a variety of 

events, including interactions between fungus, pathogens, and their hosts, the breakdown of 

lignin and pigment, rectification, and stress response [36]. Additionally, several fungal 

immunomodulatory proteins have been found in mushrooms. These proteins, which range in 

size from 111 to 114 amino acids and include high asparagine and acetylated-extreme valines 

concentrations, belong to this protein family. Typically, these proteins are linked to a number of 

immune-modulating functions [37]. Additionally, free amino acids that typically contribute to 

flavour are present in mushrooms in amounts ranging from 7.14 to 12.3 mg/g on a dry basis 

[36]. Although the amino acid content of mushrooms varies depending on the species, they are 

especially high in threonine and valine and low in sulfur-containing amino acids like 

methionine and cysteine [38].  

LIPID 

Mushroom lipids are a large and diverse class of compounds, but one of its primary properties 

is that they dissolve in organic solvents but not in water [39]. Lipid-based substances are 

present in mushrooms in amounts ranging from 1.18 to 8.39% of their dry weight. The existence 

of these lipid-based chemicals, such as fatty acids, sterols, and phospholipids, is frequently 

utilised in mechanisms of growth and reproduction [34]. One of the simplest lipids is the fatty 

acids found in mushrooms. They are composed of hydrocarbon chains with lengths ranging 

from 4 to 24 units, methyl groups at one end, and carboxyl groups at the other, where double 

bonds may or may not be present and are referred to as saturated or unsaturated, 

respectively[39] . Numerous studies have been done on the needs for these substances and their 

impact on health, with the belief that substances like linoleic acid and -linoleic are necessary for 

ingestion because the human body is unable to synthesis them [40, 41] Although these 

substances may be found in a wide range of organisms, mushrooms have been found to contain 

linoleic, oleic, and palmitic fatty acids as well as other beneficial components [42]. 

A triple cyclohexane core, cyclopentane, and an aliphatic expansion are all features of the class 

of compounds known as mushroom sterols [39]. Ergosterol, the most often generated 

mushroom sterol, is associated with sporulation, hyphae development, and fungal proliferation 

[43]. According to human biology, this molecule is a precursor to vitamin D and is linked to 

favourable effects on the cardiovascular system and lipid metabolism [44]. In various sections, 

the various ergosterol mechanisms have been covered in greater detail. In addition, mushrooms 

have phospholipids, which are additional molecules made of fatty acids or other complex 

organic compounds joined to the phosphate and hydroxyl group. These molecules have an 

amphipathic nature and are frequently found in biological membranes, serving as a barrier 

between media and cells [39, 34]. 
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VITAMINS 

A great source of vitamins, particularly C and B (folic acid, thiamine, riboflavin, and niacin), are 

mushrooms. Mushrooms contain more riboflavin (vitamin B2) than most vegetables do, and 

certain types of A. bisporus even have vitamin B2 levels comparable to those in cheese and eggs 

[45]. Depending on the species, the amounts of riboflavin (vitamin B2), niacin, and folates range 

from 1.8 to 5.1, 31 to 65, and 0.30-0.64 mg/100 g DW, respectively. Cultivated mushrooms also 

include trace levels of the vitamins B12 and D2, as well as riboflavin, niacin, folates, and vitamin 

C. Vegetarian foods don't typically contain folic acid or vitamin B12, although these substances 

are present here. 

Mushrooms include vitamin B12, which are typically missing from vegetative diets. Vitamin A 

is rare, although some mushrooms have measurable levels of pro-vitamin A, which is what -

carotene is to vitamin A. The fat-soluble vitamins K and E, as well as only a small portion of the 

daily recommended amount of vitamin C, are thought to be present in low concentrations in the 

majority of cultivated mushrooms [46]. According to Chang & Miles (2004) [47], L. edodes has 

the highest documented vitamin C content (9.4 mg/100 g dry sample), followed by Pleurotus 

sajor-caju, A. bisporus, and V. volvacea with 7.4, 1.8, and 1.4 mg/100 g DW, respectively. 

OTHER COMPOUNDS 

In addition to the various chemicals already discussed, mushrooms have also been linked to the 

presence of additional nutrients like vitamins and minerals [5]. However, a variety of 

compounds with biological properties are dispersed throughout their constitution. One of them 

is polyphenols [18], which are a typical mushroom's natural defense against animal or insect 

consumption as well as UV protection [48]. phenolic acids, flavonoids, hydroxybenzoic and 

hydroxycinnamic acids, lignan, tannin, stilbene, and oxidised polyphenols are the different 

types of phenolic chemicals found in macrofungi [49]. 

PHENOLIC COMPOUNDS 

Secondary metabolites known as phenolic compounds have an aromatic ring with one or more 

hydroxyl groups, and their structures can range from a straight forward phenolic molecule to a 

sophisticated polymer. They exhibit a variety of physiological traits, including anti-

inflammatory, anti-microbial, anti-thrombotic, anti-atherogenic, anti-allergenic, and vasodilator 

actions. Due to their roles as capping agent, reactive oxygen species ( ROS, singlet oxygen 

quenchers, or metal ion chelators, this group of chemicals has been known for its antioxidant 

activity [50,51,52]. 

Phenolic substances offer defence against a number of degenerative diseases, such as cancer, 

heart diseases, and neurodegenerative disorders. They have the ability to neutralize free 

radicals and reactive oxygen species, which makes them effective antioxidants. For the creation 

of energy, the oxidation process is crucial for all living things. Free radical production has been 

linked to a number of human disorders, though. The antioxidant potential of the phenolic 

compounds found in mushrooms is excellent [53]. 

Eight different varieties of edible mushrooms had their total phenolic and flavonoid contents 

examined by Palacios et al. [54]. (Agaricus bisporus, Boletus edulis, Calocybe gambosa, 

Cantharellus cibarius, Craterellus cornucopioides, Hygrophorus marzuolus, Lactarius 
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deliciosus, and Pleurotus ostreatus). The principal flavonoids discovered were myricetin and 

catechin, and these authors determined that mushrooms contain 1-6 mg of phenolics/g of 

dried mushroom and that the amounts of flavonoids were between 0.9 and 3.0 mg/g of 

dried substance. While L. deliciosus displayed a high level of flavonoids and A. bisporus, P. 

ostreatus, and C. gambosa displayed low levels, B. edulis and A. bisporus showed the highest 

quantity of phenolic compounds. Protocatechuic, phydroxybenzoic, p-coumaric, and cinnamic 

acids were found in the phenolic fraction of five wild mushrooms from northern Portugal, 

according to Heleno et al.  [55]. 

CONCLUSION 

In addition to their significant nutritional importance, a number of mushroom species have 

been identified as sources of bioactive chemicals. Whole mushrooms can be used as nutritional 

supplements or as part of a balanced diet. A crucial component for the development of effective 

biotechnological approaches to access these metabolites is the synthesis of mushrooms and the 

extraction of bioactive metabolites. Numerous studies have demonstrated that some 

components found in mushrooms have exceptional abilities to prevent or treat a variety of 

ailments. Some species' powder formulations have shown the existence of necessary nutrients. 

Like the mushroom fruiting bodies, they have a low level of calories and may be utilized in low-

calorie meals. To stop oxidative stress and the subsequent ageing process, some compositions 

could be utilized as antioxidants. We will be able to better define the intriguing functions and 

characteristics of diverse mushroom phyto-nutrients in the prevention and treatment of some 

neurodegenerative disorders with the aid of future research into the modes of action of 

mushroom extracts. 
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ABSTRACT 

The revolution in technology has led to the emergence of biotechnology which is one of the 

most rapidly affecting branches of science and holds a lot of promises and surprises for the 

present and future. Biotechnology is advances technology in the field of science. It is classified 

as environmental biotechnology, Medical biotechnology, Animal biotechnology, Agriculture 

biotechnology and also Forensic biotechnology. The Modern biotechnology finds hopeful 

applications in the many ways like protection of environment, production of food, in many 

fields such as Nanotechnology, Gene therapy and Recombinant DNA Technology, Stem cell 

research, Agriculture and in Biotechnological industries. It touches ahead the latest research and 

many developments in diverse areas like as Bio-informatics, Bio-sensors of DNA, DNA 

Fingerprinting, Plant tissue culture, stem cells and bioethics. Today world economy is 

extremely grown by using the latest biological technologies.  

KEYWORDS: Biotechnology, Recent trends, Applications, review, Types. 

INTRODUCTION 

Biotechnology is a great field that concludes mostly all biology branches with combination of 

techniques. It is not a new discipline, but it is advancing by leaps and bounds. It has more and 

more applications in our day-to-day lives: from pharmaceutical improvement to food 

production and the treatment of polluting waste. We explore this exciting field in below and try 

to determine how far it might go in the future. 

Although we literally have biotechnology in our genes, it never ceases to surprise us with its 

continuous innovations, approximately more similar to science fiction. The innovatory spirit of 

those advances prior to the creation of the term such as the fermentation of bread, cheese or 

wine has remained intact until the present day, more than six thousand years later, just 

when human beings are wondering what, if any, are the limits of this technology, that could 

take us a very long way in the future. 

Modern biotechnology has a lot of potentials, such as increase crop productivity, conservation 

of biodiversity, protection of environment, reduction of soil erosion, recombinant DNA 

technology, and production stability increase and improves production of quality traits like 

vitamins and proteins.  
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DEFINITION 

 Biotechnology is a technology that utilizes biological systems, living organisms or parts of 

this to develop or create differing types of products. 

 Brewing and baking bread are samples of processes that drop within the concept of 

biotechnology (use of yeast (= living organism) to provide the required product). 

Biotechnology uses living cells for develop or manipulate products for specific purposes, 

such as genetically modified foods. 

Biotechnology is therefore linked to genetic engineering and emerged as a field in its own right 

at the beginning of the twentieth century in the food industry, which was later on joined by 

other sectors such as medicine and the environment. 

TYPES OF BIOTECHNOLOGY 

THE FOUR MAJOR DISCIPLINES IN BIOTECHNOLOGY 

In biotechnology four major disciplines are medical, industrial, marine and agricultural 

processes and each process is represented by a specific color. These colors are: red, white, blue 

and green respectively shown on Fig.1. 

 
Figure 1: Different biotechnology represented by specific color 

 
RED BIOTECHNOLOGY 

This area indicates procedures of medicals like as organisms which used for the production of 

novel drugs and also employing stem cells to replace or regenerate injured tissues as well as 

regenerate whole organs. It’s also called medical biotechnology. 

GREEN BIOTECHNOLOGY  
This branch indicates to agriculture. It applies in agriculture to developed modern agriculture 

and It’s involves in such processes as the development of pest-resistant grains and the 

accelerated evolution of disease-resistant animals. 

BLUE BIOTECHNOLOGY 

This branch is rarely mentioned. In blue biotechnology covered both marine and aquatic 

environments, such as controlling the proliferation stages of noxious water-borne organisms. 

WHITE BIOTECHNOLOGY 

White also called gray biotechnology which involves in industrial processes such as the 

production of new chemicals or the development of new fuels for the vehicles. 
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BRANCHES OF BIOTECHNOLOGY 

 
Figure 2: Different fields in Biotechnology 

Modern biotechnology is divided into five branches- Human, Environmental, Industrial, 

Animal and Plant- these all us fight hunger and disease, that produce more safely, cleanly and 

powerfully, reduce our ecological footprint and save energy. All of this has excited stock 

markets like Wall Street, where biotech was one of the most beneficial sectors of the NASDAQ 

Composite index in 2019.  

USES AND APPLICATIONS OF BIOTECHNOLOGY 

Biotechnological innovations are already a part of our daily lives and it’s developed in 

pharmacies and supermarkets by us, along with many other places. In addition, in present 

months biotechnology has become one of the spearhead in the fight against the COVID-19 

pandemic, since it helps to decode the virus' genome and understand how our body's defense 

mechanism works alongside infectious agents. 

Biotechnology will therefore play a major role in our society in future to preventing and 

containing probable pathogens. But this is just one its have many applications. Below, we 

reviewed some of the most applicable in different fields: 

In Medicine: - In medicine biotechnology continuously grow for the development of insulin, 

different growth hormone, molecular identity and diagnostics, gene therapies and vaccines 

such as hepatitis B are some of the milestones of biotechnology and its association with genetic 

engineering. 

In Industry:- In industry biotechnology play very advanced role. The revolt of the new smart 

materials hand-in-hand with biotechnology has only just begun. Presently we could have self-

healing material, plants that change color when they detect an explosive, clothing and footwear 

which made with synthetic spider web, etc. 

In Food:- In the field of food, biotechnology play advanced role like hybrid products, 

genetically modified foods. Thanks to biotechnology products such as WEMA have been 

created, a type of resistant crop to droughts and certain insects that may prove essential in 

fighting hunger in Africa. 
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In Environment:- All the way through bioremediation processes, very useful for ecological 

recovery, the catabolic properties of microorganisms like fungi, plants and also enzymes are 

used to restore contaminated ecosystems. 

SCOPE OF BIOTECHNOLOGY 

 To produce more food for the growing population by using the available land. 

 To Produce disease-resistant, high-yielding varieties of crops, 

 To introduce nontoxic bio fertilizers as a substitute of harmful chemical fertilizers, 

 To introduce biopesticides in agriculture for control Pest. 

 To preserve germplasm (plants, animals and microbes) 

 To produce pharmaceutical products to treat severe diseases in all living things. 

 To produce biofuels for reducing the felling of forest trees for fuel wood. 

RECENT TRENDS IN BIOTECHNOLOGY  

 In Artificial Intelligence- Artificial intelligence enables biotechnology startups to automate a 

wide range of processes, helping them increase their operations. Such as, biopharmaceutical 

startups leverage, drug discovery process and screening of biomarkers as well as scraping 

through scientific literature to discover the novel products. Image classification algorithms 

allow to quick detection of different traits as example, cancer cells from medical scans or 

crop disease symptoms from leaf images.  

 In Environment- Biotechnology is now assisting us in controlling environmental pollution 

through biodegradation of potentially harmful its helps us recycle waste materials and other 

waste treatment technologies.  

 In pharmaceuticals– Biotechnology plays a vital role in the medical sector. Biotechnology is 

used in the diagnosis, treatment, and prevention of diseases.  

TRENDS IN BIOTECHNOLOGY IN YEAR 2021-2022  

Gene Editing: It is known as genetic engineering which is a modern technology. This technique 

is responsible for eliminates faulty gene and placed it with desired gene. The development of 

engineered nucleases has increased gene editing effectiveness, and CRISPR is now being used 

as a molecular scissors in the healthcare industry. This editing technology has enabled different 

applications in the field of gene therapy to treat genetic disorders and include complex editing 

techniques for adding, replacing, or silencing specific genes. 

Bio-printing: - Bioprinting can be defined as the computer-aided manufacturing of cells and 

tissues to create organs. It produces 3D structure of tissue by printing cells and biomaterials one 

layer over the other. This technique is used in develop building tissue and organ structure bio-

printers that work with accessible bio-inks made from biomaterials. These cells will act as 

substrates which allowing the development of various body parts from the patient's cells, such 

as bone skin, etc.  

Telemedicine: - Telemedicine technology is very useful technology in the future health and care 

industry prospects. It is defined as medical people treating and diagnosing by keeping their 

distance from the patients. There is no. of telemedicine software like Doxy.me, OhMD, 

Whereby, Mend, Updox, etc. 

 

https://www.startus-insights.com/innovators-guide/5-top-artificial-intelligence-startups-impacting-drug-discovery/


RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

87 
 

 
Figure 3: Gene Therapy 

 

 
Figure 4: 3D structure of tissue by printing cells 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Telemedicine 
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Precision Medicine:- The falling costs of gene editing process and gene sequencing both are 

routinely applied in clinical practices. Its enable precision medicine, an advance that allows 

physicians to determine many prevention strategies will work for a particular group. 

Furthermore, it enables personalized treatment for the treatment of the several diseases, like 

cancers. Biotechnology startups are leveraging accuracy medicine to identify a new drug 

targets, novel drugs discover, provide gene therapies, and also develop new drug delivery 

technologies. 

 

 

 

 

 

 

 

 

 

Figure 6: Precision Medicine 

 

Big Data:- There is an unique quantity of data available in Biotechnology today, from the ever-

growing omics technologies, incorporation of sensors and the Internet of Things (IoT) devices. 

Big data and analytics solutions both allow startup Biotechnology startups to tap into this 

wealth of data to create innovation. Its allow biopharma companies to recruit patients for the 

clinical trials with more effectively. Startups and companies both initiate bioinformatics branch 

for the solutions of many problems and to develop better feed also for crop improvement, 

produce livestock varieties, and explore undiscovered microbes. 
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Figure 7: Big Data 

 

Synthetic Biology:- An extraordinary biology which able to read and write genomes. Its allows 

biotechnology startups and companies to develop many products faster than ever before. 

Furthermore, synthetic biology increased standardization and reproducibility, that allowing 

manipulating organisms at the level of gene networks. Synthetic biology startups work on 

many challenges ranging from computational designing of range and cellular agriculture to 

microbiome-based solutions.  

 
Figure 8: Synthetic Biology 

Drug Research:- Now a day drug research is one of the most promising biotech trends to 

advancements in smart technology. Usually, drug research faced many challenges with 

receiving enough participants for trials, and long production timelines that can run into years. 

Machine learning technology presents huge possibilities in the field of drug research, as well as 

improve assess diagnosis and treatment with medications. 

 
Figure 9: Drug Research 
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4D printing and Tissue Engineering:- 4D printing is very useful to gaining popularity in the 

creation of self-healing substances for engineering in tissue and different manufacturing 

applications, but it has seen limited use in agriculture and farming applications. When 4D 

materials are exposed to certain environments change their shape but recently available 

materials are of low compatibility with cells. However, created new 4D materials based on 

gelatin-like hydrogels by the research team of Eben Alsberg and also led by them. Tissue 

engineering enhances cell compatibility and 4D printing provides 4D structures.  

 

DEVELOPMENT OF VACCINES:- As we know, that how coronavirus was once related to milder 

infections for example common cold, however, three variants such as Severe Acute Respiratory 

Syndrome Coronavirus (SARS-CoV), Middle East Respiratory Syndrome Coronavirus (MERS-

CoV), and SARS-CoV-2 are now linked to significant illness and humanity in infected people, 

resulting create global pandemics around the world. It is critical to formulate new and long-

term strategies for stopping the spreading of virus’s in global. Therefore, with the help of 

biotechnology, many researchers and scientists have been capable to formulate reliable 

vaccines.  

 
Figure 10: Development of Vaccines 

 

BIOTECHNOLOGY IN YEAR 2022  

Biotechnology is disrupting how we shift toward health, medicine, and also in agriculture. Yet 

without the impact of COVID-19, some trends in biotech have propelled fast innovation.  

Industry expansion has followed such innovation. The global biotechnology market is recently 

valued at 752.8 Billion and growing. The development of advance health initiatives from 

biotechnology will transform our future as we start global problems including various diseases, 

environmental pollution, and also management of food. 

This article will cover the trends in biotechnology that are set to change the world. 

There are mainly three primary sectors of biotech: 

BIOTECH IN MEDICINE 

In the field of biotechnology covered many fields like Pharmaceuticals, genetics, and also 

clinical research is all examples showing huge applications in medicinal biotech. These fields 

use natural organic "toolbox" to improve health for people. For example, there are more 

than 250 biotechnology health care products that are available for previously not curable 

conditions. Biotech in medicine used for: 

https://masschallenge.org/article/corporate-innovation
https://www.grandviewresearch.com/industry-analysis/biotechnology-market
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 To reduce infectious disease rates 

 Change the probabilities of life-threatening conditions promising for people around the 

world 

BIOTECH IN INDUSTRY: In industry biotechnology play major role to produce by products of 

Biofuels, paper, and chemicals are all an examples of biotechnology which used in industry. 

Through utilizing biological processes, the energy and manufacturing sectors can influence to 

yeast, enzymes, microbes, and also other biocatalysts to manufacture microscopic solutions. 

Biotechnology involves using these biocatalysts to: 

 Improve manufacturing efficiency of chemical 

 Lower the cost of clothes cleaning by reducing temperature  

 Save money on the manufacturing costs of operation  

 Minimize industry dependence on petrochemicals 

 Reduce greenhouse gases by the use of biofuels 

BIOTECH IN AGRICULTURE: Now a day biotechnology play major role for sustainable farming 

and crop insect-resistance plant in agriculture. These applications apply on existing 

microorganisms to modify and enhance the production of agricultural products and more 

efficient to produce.  

In Worldwide, biotech in agriculture is anticipated to grow by $25.3 billion between 2021 and 

2025. Agricultural biotech can help: 

 To produce more crop yield with less resources 

 To  reduce the chemicals and runoff from crop production in environment 

 Create more resistant crops without the use of pesticides 

New biotech innovations arise every day, and the industry will continue to grow as humans 

seek to surpass biological challenges with specific research-based solutions. 

CHALLENGES IN BIOTECHNOLOGY 

While biotechnology advancements assure to transform health, energy, and agriculture, 

innovation is a complex undertaking. Several challenges impede the growth of biotech and its 

implementation for the public: 

BIOTECH COSTS 

Biotech research is more costly and often takes several years for completion. For instance, new 

drugs cost approx $1 billion on average to develop. Firms must be investing heavily in research, 

development, and regulatory approval or agreement before bringing a drug to market. As the 

pandemic continues to disrupt supply chains, product costs continue increase and 

compounding the problem. 

The long process of developing and gaining approval for biotechnology solutions hurts bottom 

line of profits, with 98% of biotechnology executives reporting revenue loss from regulatory 

changes. Biotech firms will continue to get funding, but pricing will always be a vital concern as 

firms balance profit and loss. 

REGULATORY CONCERNS 

There are many regulations that apply to the biotechnology industry. While some limitations 

were comfortable for the COVID-19 research to reduce the compliance load, biotech-friendly 

https://www.businesswire.com/news/home/20210127005775/en/Agricultural-Biotechnology-Market-Research-2021-2025-9.87-Year-Over-Year-Growth-Rate-for-2021-Technavio
https://www.biopharmadive.com/news/new-drug-cost-research-development-market-jama-study/573381/
https://www.modeln.com/wp-content/uploads/2021/03/model-n-2021-state-of-revenue-report_final.pdf
https://masschallenge.org/article/alternative-financing
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exceptions are improbable to continue in the future. Increased rules threaten to create upward 

pressure on pricing and drug approval because of the European Union's General Data 

Protection Regulation (GDPR), Europe also faces significant compliance issues nearby private 

patient data. 

TALENT SHORTAGE 

The biotechnology industry/ Companies must appoint experts at the top of their fields. As we 

know that the pandemic create due to Coronavirus was very stressful continues, the pressure 

for try new-new therapies and develop vaccines but finding top talent is an ongoing challenge 

for biotech companies. 

As demand for expands, production lead times of biotechnology  have increased to approx 16 

months on and most life sciences companies are already at capacity with different research 

projects. The talent shortage has lead to companies outsourcing work in addition to relying on 

in house talent to meet demand. 

INADEQUATE TECHNOLOGY 

Biotechnology requires advanced technology and also produces superior solutions as its end 

product but outdated systems or methods can interfere among innovation. Top priorities for 

biotech companies i.e. increase automation, accessibility of data, and speed. In this technology 

presents a complex hurdle when developing biologically effective solutions to vital problems. 

During the growth of biotechnology field face some challenges such as financial and regulations 

etc. could be reduced. 

FINAL THOUGHTS 

Biotechnology development is vital if we hope to affect global change across the food, health, 

industry, and agriculture sectors. As COVID-19 pandemic has highlighted, the need for quick 

response is critical to fight disease, now more than ever.  

Although challenges, biotechnology continues to move forward direction. As we know that Last 

year over $26 billion in project capital funding alone the highest year ever for an investment in 

the field of Biotechnology. Biotechnology trends and initiatives are present an excellent 

investment opportunity with significant ROI. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Challenges of Biotechnology 
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CONCLUSION  

Biotechnology has huge potential for increasing food production and improvement of food 

processing, but the real impact will not be felt until after 2000, and it will be different by 

country. In developed countries productivity must first rise before real benefits can be realized 

in different developing countries. When the biotechnologies are used in domestic production, 

"demonstration effects" can encourage development in other countries. In this condition 

developing countries have a lot of room to work together. Though, where the application of this 

new technology aims to increase productivity in the sectors of export, success in the some 

countries may come at the expense of others market position. Biotechnology is very useful to 

innovate something new for the welfare of human beings. 
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ABSTRACT 

Water chemistry plays an important role in the health, abundance and diversity of life that lives 

on earth. Unrestricted amounts of some constituents, such as the lack of others or nutrients, 

such as do (dissolved oxygen), can result in degradation and can harms the life. Water is known 

as “universal solvent" as it dissolves more substances than any other liquid solvent. It means 

that wherever water goes, either through our bodies or the ground, it takes along 

beneficial nutrients, minerals, and chemicals. Water chemistry mainly deals with bonding of 

water, symmetry of water molecules, structure of water molecule, analysis of composition of 

water, molecular vibration of water, hydrogen bonding in water and its formation, structure of 

ice, auto ionization, acid-base characters, amphiprotic nature, leveling effect of water and 

reactivity of water towards halogens; alkali metals; methane; oxides; alkaline earth metals; 

hydrides; electrolysis of water and oxygen ions. This chapter discusses various factors under 

water chemistry related to water quality and sustainability in India. 

KEYWORDS: Water Chemistry, Water Quality, Parameters. 

INTRODUCTION 

Urbanization, Rapid industrialization, and population exploration in India have created a large 

number of environmental issues, different type of pollutions like water pollution being the 

major one. This has led to deterioration in both the quantity and quality of groundwater as well 

as surface water, thereby affecting the net availability of water for consumptive use. Despite 

different steps taken by local communities and government, India continues to be deprived of 

safe drinking water.  

Groundwater is one of the vital sources of drinking water as it’s less susceptible to water 

contamination as compared to fresh water, widespread availability and occurring in natural 

condition. Various freshwater bodies such as ponds, pools, rivers, and lakes are there in our 

surrounding environment. However, due to anthropological activities, these freshwater bodies 

get polluted with heavy metals and hazardous chemicals.  

Fresh water resource is a renewable resource, yet the world’s supply of ground water resource 

is steadily decreasing day by day.  

Ground water and Surface water use and it’s over exploitation:  
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Groundwater is fresh water located in the subsurface of pore space of rock beds and soil layers. 

It is also termed as water that is flowing within aquifers and beneath the water tables. It can be 

thought of in the similar terms as surface water: storage, inputs, and outputs. The major 

difference is that due to its slow rate of yield, groundwater storage is generally much larger (in 

volume) compared to inputs of groundwater recharge than it is for surface water resources.                                                                                                                                                             

Ground water destruction (depletion) is primarily caused by sustained ground water pumping. 

Some of the adverse effects of ground water depletion are:  

• Land Subsidence: Land subsidence occurs when there is a loss of support below ground. This 

is most often caused by human activities, mainly from the overuse of ground water, when the 

soil collapses, compacts and drops.  

• Lowering of the Water Table: Excessive pumping can lower the ground water table, and 

which cause wells to no longer be able to reach ground water level.  

• Water Quality Concerns Excessive pumping in coastal areas can cause salt water to move 

inland and upward, resulting in salt water contamination of the water supply.  

• Increased Costs as the water table lowers; the water must be pumped farther to reach the 

surface, using more energy. In extreme cases, using such a well can be cost restrictive. 

• Decreased Surface Water Supplies surface water and Ground water is connected. When 

groundwater is overused, the lakes, rivers and streams connected to ground water can also 

have their supply diminished.  

Surface water is water in a lake, river, or fresh water wetland (flowing water). Surface water is 

naturally replenished by rainfall also termed as precipitation and naturally lost through 

discharge to the oceans, by evapo transpiration, groundwater recharge and evaporation. 

Although there is only natural input to any surface water resource system is precipitation that is 

rainfall within its watershed area, the total quantity of water in that system at any given time is 

dependents up on many factors. These factors may include the permeability of the soil beneath 

these storage bodies, storage capacity in lakes and ponds, the surface runoff characteristics of 

the land in the watershed, artificial reservoirs and wetlands, the timing and frequencies of the 

precipitation and local evaporation rate through the surface water resources. All of these factors 

also can affect the ratio of water loss. Human activities can have large impact on these factors.  

Analysis of water quality is an important part of environmental monitoring and assessment. 

Water with Poor quality affects not only the aquatic life but also the surrounding environment 

and ecosystem as well. These properties/parameters can be chemical, physical, or biological 

factors. A chemical characteristic includes different parameters such as pH and dissolved 

oxygen (DO). Physical parameters of water quality involve temperature and turbidity. 

Biological indicators of water quality include different phytoplankton like algae, 

phytoplankton, Biological Oxygen Demand (BOD). These parameters are relevant not only to 

groundwater and industrial processes but also surface water studies of the ocean, lakes and 

rivers, as well. Water is known as highly effective solvent. When water dissolves substances in 

it that produce an excess of hydrogen or hydronium ions that will change the composition of a 

solution pH. Currently, the oceans are in a state of highly increasing acidification (acidity). The 

ocean’s pH is lowering. This is the result of increases in GHG’s greenhouse gas emissions, 
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mainly Carbon dioxide, which is largely absorbed by the oceans. Increasingly, it is observed by 

scientists and researchers as a threat to marine ecosystem and aquatic life.  

WATER QUALITY MONITORING   

Why it is important?  

Water quality monitoring can help researchers to learn and predict from natural processes in 

the surrounding ecosystem and environment, to determine impacts of human on an ecosystem, 

impacts of pollution on different parameters of water quality analysis. These measuring efforts 

can also ensure environmental standards are being met, or it can assist in different restoration 

projects.  

. 

ORIGIN OF WATER CHEMISTRY  

Water chemistry is originated as a subarea of specialization in different disciplines date back 

more than a hundred of years. For an example, the chemical composition of fresh water and 

other lakes has been of interest in limnology since its evolution in the late 19th century. Water 

chemistry is simply defined as the science focused on understanding the chemical techniques / 

processes that affect the configuration of natural waters and their suitability for human uses—is 

a field that evolved from early foundations in several relevant disciplines 

 
Figure 1: Overlapping neighborhoods of the subfields in water chemistry and related with 

earth/environmental disciplines. The oval sizes are not intended to indicate the importance 

of any subfield, and the extent of overlap of the ovals reflects drawing limitations. This 

figure shows the multidisciplinary approach of water chemistry 

 



RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

97 
 

POLLUTION AS A DRIVER FOR WATER CHEMISTRY 

Given the significance of clean water for environmental quality and human use, it is not 

surprising that most of the chemical pollution issues have been dominant drivers for water 

chemistry and its research. The first large issue driving modern water chemistry research was 

over enrichment of lakes which is termed as a eutrophication. This over nutrient pollution 

remains a main contributory cause of degradation of water quality today. Acid rain (or acid 

deposition/precipitation) was a major cause for research from the mid-1970s to early 1990s. In 

addition to promote our knowledge on rainfall (precipitation) chemistry and dry deposition 

processes, research addressing this problem improved our perception of the mechanisms of 

degradation or weathering of minerals in watersheds and soil, kinetics, as well the soft-water 

lakes and streams chemistry, including acid consumption or subsurface alkalinity-generation 

processes. A similar case —pollution of mercury —became a concern in the late 1980s and 

stimulated exploration on dependent different biogeochemical processes that continues today. 

Earlier concerns about mercury (Hg) in the 1960s arose primarily from its utilization in 

industrial sector (e.g., electrical devices, equipment e.g. Semi-conductors and batteries). 

Different pharmaceuticals, personal daily care products and endocrine disruptors (so-called 

emerging contaminants) have been the focus of research in recent years. 
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ABSTRACT 

The ancient medical system known as Ayurveda is based on the bioactivity of plants. The 

bioactive plant extracts are also used to create contemporary allopathic medications. 

Additionally, it has been demonstrated that plants are more successful at treating long-term 

conditions like cancer. Additionally, bioactive plant extracts can be applied directly and have 

fewer negative effects than allopathic medications. Due to the usage of hazardous chemicals in 

the manufacturing of allopathic medications in the pharmaceutical industry, the synthesis 

processes of Ayurvedic medicines have also been shown to be more environmentally friendly. 

Due to the abundance of medicinal herbs there compared to allopathic chemicals, Ayurveda has 

the potential to close the gap in health services in rural areas. Additionally, the promotion of 

Ayurveda encourages the commercial production of medicinal herbs, which will strengthen the 

agricultural industry and related industries, create new job possibilities in rural regions, and 

promote rural development. In this way, medicinal plants will support the sustainable growth 

of the agricultural sector, rural areas, and health services. And the bioactivity principles of a few 

popular therapeutic herbs have been reviewed in this Paper. 

KEYWORDS: Ayurveda, medicinal herbs, pharmaceutical industry, rural areas, agricultural 

industry.  

INTRODUCTION 

Due to the substantial medicinal properties that they provide, the various secondary 

metabolites that are produced from the photosynthetic products that plants produce are of 

utmost significance to human civilization. The pharmaceutical industries rely heavily on plant 

extracts as their primary raw materials. These extracts are gathered from the plants. Quinine, 

which is used to treat malaria, is derived from the Cinchona plant; atropine, which is an 

important anticholinergic drug, is produced from the Atropa belladonna plants; ephedrine, 

which is a sympathomimetic and antihistamine drug, is produced from the Ephedra sinica 

plant; menthol, which is used as a rubefacient, is derived from the mint plants; strychnine, 

which is used Plants were the primary source of medical therapy and the curing of diseases in 

earlier times, before the discovery of modern allopathic medications. A survey found that 

approximately 70% to 80% of the population in Asia and the African subcontinent still relies on 

medicinal herbs for their primary therapies. In addition to this, it has been demonstrated that 
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the adverse effects caused by plant extracts are significantly lower than those caused by the 

synthetic allopathic treatments that are generated from chemicals. [12] 

Sage Bharadwaj is credited as being the first person to discuss the significance of medicinal 

plants in medical science to a group of 53 experts in the field who were gathered at the foothills 

of the Himalaya. This is shown by the ancient manuscripts of India. Later on, the fundamental 

ideas of Ayurveda, such as the procedures for providing medical care by means of the 

utilisation of herbs, were documented in the writings of his successors, such as Agnivesha's 

"Agnivesha Tantra" and Caraka's "Caraka Sanhita." Both of these texts were written by Caraka. 

At the moment, the practises of Ayurveda are starting to gain popularity for the significant side 

effects that are caused by traditional allopathic medicines, which is continuously boosting the 

need for medicinal plants in global markets. Holy basil for the treatment of cough and cold, sore 

throat, bronchitis, asthma, kidney stones, and cardiac issues; coriander for the treatment of 

digestive problems, measles, haemorrhoids, toenail fungus, and ringworm; grape seed extracts 

on the control of blood pressure and treatment of cardiovascular diseases; aloe vera plant in the 

treatment of skin diseases; grape seed extracts on the control of blood pressure and treatment of 

cardiovascular diseases; grape seed extracts on [1] As a potentially less harmful method of 

treating cancer, the use of chemotherapeutic drugs that are derived from bioactive components 

taken from a variety of plants has just begun. 

DIFFERENT BIOACTIVE COMPONENTS AVAILABLE IN THE MEDICINAL HERBS 

The aromatic amino acid pathway and the mevalonic acid pathway are the two main metabolic 

mechanisms that transform the polysaccharides created by photosynthesis in plants into 

bioactive components. These bioactive substances don't contribute significantly to the process of 

plant growth because they are by-products of the metabolic process. However, these bioactive 

substances help the plant bodies defend themselves from diseases and herbivorous predators. 

Additionally, a number of bioactive elements help plants recover from nitrogenous wastes and 

survive in climatically stressful situations like drought and flooding. [2] Typically, bioactive 

substances fall into one of the following groups: 

ALKALOIDS  

With the exception of amides and amino acids, alkaloids are heterocyclic nitrogen-containing 

chemicals that are generated from plant extracts. It has alkaline properties and is mostly 

produced from amino acids. Decarboxylation of amino acids yields amines, which interact with 

amine oxides to produce aldehydes, which are used to make alkaloids. Aldehydes and amine 

groups condense in a Mannich-type reaction to produce the distinctive heterocyclic rings of 

alkaloids. It demonstrates a wide spectrum of phytochemical properties, such as anti-malarial, 

anti-asthmatic, anti-cancer, cholinomimetic, analgesic, antibacterial, anti-hyperglycemic, 

vasodilatory, and antiarrhythmic activity, among others [3, 4]. 

FLAVONOIDS 

The polyphenolic substances known as flavonoids are what give flowers their colour and scent. 

Due of the much conjugated heterocyclic structures present, it functions as pigments. Due to 

their anti-oxidative, anti-mutagenic, anti-carcinogenic, and anti-inflammatory properties, they 

are frequently utilised as therapeutic medicines. They can also control how human cells' 
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enzymatic functions are carried out. Cancer, Alzheimer's disease, atherosclerosis, and other 

major disorders are all treated with flavonoids' anti-oxidant abilities. The low cardiovascular 

mortality rate of flavonoids, which has been demonstrated in recent studies on their chemical 

characteristics, makes a wide range of applications for them as a preventative measure for 

cardiac disorders possible. Flavonoids are essential for the growth and development of plants 

because their colourful compounds make pollination easier [5, 6]. 

ANTHOCYANINS  

Anthocyanins are water-soluble plant pigments that are primarily in charge of giving fruits and 

vegetables their colours. These are oxygen-containing heterocyclic compounds. The colours of 

the plants' veggies and fruits were caused by the oxygen atoms' resonance effect under different 

pH and temperature conditions. A wide range of pharmacological benefits, including 

antioxidant, anticancer, anti-inflammatory, antibacterial, and anti-obesity actions, are also 

exhibited by these pigments. By scavenging free radicals, such as reactive oxygen and reactive 

nitrogen spices, the coloured ingredients immediately lower the risks of the onset of chronic 

diseases and oxidative stress. Anthocyanins decrease the likelihood of cardiovascular illnesses 

by enhancing blood lipid profiles and biomarkers, inhibiting the growth of malignant cells by 

downregulation of cyclooxygenase enzyme activity, and inducing apoptosis through oxidative 

stress reduction and lipid peroxidation. By preventing the activation of the mitogen activated 

protein kinase pathway, it also slows the growth of malignancies [7, 8]. 

Glycosides of triterpenes and steroids are the source of saponins, which are produced by the 

mevalonic acid pathway. The term "saponin" is also used to describe steroidal glycosides. The 

structural diversity of saponins' chemical properties, which depends on their amphipathicity, 

causes the bioactivity of various compounds to vary. Different saponin components that are 

isolated from plants are being employed to create a variety of medicinal medicines. Saponins 

have anti-inflammatory, anti-fungal, anti-microbial, anti-cancer, anti-viral, and anti-parasitic 

phytochemical effects. The penetration of plasma membranes and the creation of complexes 

with sterols are evidence of saponins' bioactivity [9, 10]. 

BIOLOGICAL EFFECTS OF SEVERAL THERAPEUTIC PLANTS 

Indian snakeroot, also known as devil pepper or Rauwolfia serpentine, is one of the most 

significant medicinal herbs. It is mostly used to treat hypertension-related problems. The 

presence of indole alkaloids such as rescerpine, ajmaline, serpentine, ajmalicine, ajmalidine, 

isoajmaline, canescine, raubasine, raucaffricine, sarpangine, serpentinine, thebaine, etc. gives it 

its bioactive properties. Rescerpine, which is primarily found in plant roots, has the potential to 

bind with vasicular monoamine transporters (VMAT) proteins found in the organelle 

membranes of specialised secretory vesicles of presynaptic neurons. This would prevent 

intracellular neurotransmitters from interacting with VMAT proteins, which would reduce the 

release of neurotransmitters from presynaptic neurons and have negligible promotor activity. It 

lowers blood vesicle systolic and diastolic pressure gradually and reduces hypertension. By 

preventing angina pectoris and coronary artery disease, Indian snakeroot is also crucial in the 

treatment of cardiovascular illnesses. Today, it is also used to treat pruritic dermatitis and 

psychogenic dermatitis, as well as to relieve migraine headaches. 
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LICORICE (GLYCYRRHIZA GLABRA) 

Glycyrrhiza glabra, also known as liquorice, is a member of the fabaceae family and is a 

traditional medicinal herb. Liquorice's fragrant flavour is widely used in candy and cigarette 

products. Liquorice extracts were a significant component of ayurvedic medicine used to cure 

illnesses in ancient India. The two primary bioactive substances in licorice are glycyrrhizin and 

anethole. In addition, the root of liquorice contains additional flavonoids such as liquiritin, 

isoliquiritin, liquiritin apisode, glucoquiritin, shinflavone, shinpterocarpin, licuraside, 

prenyllicoflavone A, and 1-methoxyphaseolin. The flavonoids found in liquorice leaves are 

pinocembrin and licoflavone. The anti-oxidative capabilities of liquorice extracts such as 

glabridin, hispaglabridin A, and 30-hydroxy-4-O-methylglabridin are demonstrated by their 

ability to counteract oxidative stress damage, which inhibits melanogenesis and skin 

homeostasis. Additionally, licorice lowers triglyceride and cholesterol levels in the body, which 

lowers the chance of developing numerous chronic diseases. Serotonin and prostaglandins are 

secreted in the stomach as a result, which reduces gastric inflammation. Additionally, it shields 

against stomach and mouth ulcers as well as issues with the liver and kidneys. By reducing 

gene expression, glycyrrhizin and 18-glycerrhetinic acid exhibit antiviral efficacy against a 

variety of viruses, including herpes simplex, varicella zoster, Japanese encephalitis influenza, 

and vesicular stomatitis virus. They also make it easier to stop the production of free radicals 

and lipid peroxidation. The hydromethanolic root extract guards against non-alcoholic fatty 

liver disease and hepatotoxicity. In chronic hepatitis C, glycyrrhizin reduces the growth of 

hepatocellular carcinoma and suppresses hepatitis B viral activity through altering intracellular 

transport. It prevents hepatotoxin's ability to cause cancer. Glycyrrhizic acid causes a change in 

mitochondrial permeability that makes it easier for cancer cells to die. In bone marrow cells, the 

hydromethaloic root inhibits the development of micronuclei and chromosomal abrasion. 

Liquorice also guards against Alzheimer's by reducing brain inflammation. The effects of 

isoflavones on sexual development, oestrous cycle dysfunction, and ovarian, hypothalamic, and 

pituitary gland function are all positive. In addition, liquorice extracts are effective in treating 

liver cancer, leukaemia, breast cancer, ovarian cancer, gastric cancer, and other cancers. 

Holy basil, often referred to as tulsi or ocimum tenuiflorum, is one of the most widely used and 

commonly accessible medicinal plants in the Indian subcontinent. Due to its religious 

significance in Hindu mythology and exceptional medicinal capabilities, it is also regarded as a 

sacred plant. Due to the presence of a variety of phytochemical substances, such as oleanolic 

acid, eugenol, linalool, -caryophyllenen, linalool, carvacol, etc., this plant can withstand 

physical, chemical, metabolic, and psychological pressures. Organs and tissues are shielded 

against environmental toxins, extended physical activity, ischemia, physical restraint, exposure 

to cold, and loud noises. By achieving the best possible levels of blood sugar, blood pressure, 

and lipids, it manages metabolic stressors in the human body. Due to the anti-depressant and 

anxiolytic properties of bioactive components, it also plays a vital role in the treatment of 

behavioural disorders and psychological stresses by improving memory and altering cognitive 

functioning. Additionally, basil plants are utilised in cosmetics and to enhance voice sweetness. 
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Due to the presence of curcuminoids, Turmeric (Curcuma longa) is another significant plant 

that is primarily utilised as a food additive. Significant changes are made to the food's taste, 

colour, and fragrance. Turmeric's rhizome is utilised as a food additive because it contains 

turmerone-containing volatile oil, which has therapeutic effects. There are several curcuminoids 

that have been discovered to be potent antioxidants, including curcumin demethoxycurcumin, 

dihydrocurcumin, and methoxycurcumin. Rheumatoid arthritis, chronic anterior uveitis, 

conjunctivitis, skin cancer, chicken pox, urinary tract infections, wound healing, and liver 

disorders are all treated with turmeric as a herbal remedy. Additionally, it has been shown to be 

a successful preventive measure for problems related to the liver and gallbladder, jaundice, 

menstrual irregularities, abdominal pain and distension, and digestive issues. Additionally, it 

alleviates dyspeptic symptoms like appetite loss and postprandial fullness. Additionally, 

turmeric reverses the consequences of colon cancer. 

Allium sativum, or garlic Due to its success in treating a variety of ailments, garlic is another 

significant traditional medicine in various ancient societies. It is well known that it has a 

significant role in the prevention of cardiovascular disorders. In ancient Indian and Chinese 

scriptures, garlic is advised for the treatment of breathing problems, digestive problems, 

leprosy, and parasite infestation. Allicin, alliin, diallyl sulphide, diallyl disulfide, diallyl 

trisulfide, ajeone, and S-allyl cysteine are the main bioactive components of garlic. By lowering 

systolic and diastolic blood pressures as well as peripheral vascular resistance, it lowers the risk 

of hypertension. Additionally, it optimises LDL, triglyceride, and cholesterol levels. Garlic 

contains allylsulfide compounds that exhibit anticancer properties. Through DNA adduct 

creation, mutagenesis, scavenging of free radicals, cell proliferation, and angiogenesis, the 

anticancer compounds derived from garlic prevent cancer. Garlic slows the growth of cancer 

cells by blocking the cell cycle. Additionally, diabetic patients who eat garlic can lower their 

blood glucose levels. Since ancient times, garlic has been used as a preventative measure to fight 

infectious infections. Allicin is primarily responsible for garlic's antimicrobial properties. 

AMLA (PHYLLANTHUS EMBLICA)  

Amla is a popular medicinal plant that is primarily grown in South Asia. Amla berries include 

antioxidants and vitamins that have a number of health advantages. Alkaloids, flavonoids, and 

polyphenols are all under its significant control. Amla manages diabetes by preventing the 

body from absorbing sugar. Amla's vitamin A content enhances vision, and vitamin C shields 

the eyes from bacterial infection, lowering the risk of conjunctivitis and other eye diseases. 

Because of its high vitamin C concentration, amla produces norepinephrine, a neurotransmitter 

that helps dementia patients' brain function. 

ASHWAGANDHA (WITHANIA SOMNIFERA)   

Ashwagandha is one of the most significant herbs in ayurveda and has been used for thousands 

of years as a Rasayana because of its many health advantages. A herbal or metallic mixture 

known as rasayana is said to encourage a young state of physical and mental well-being. 

Triterpene lactones, tropine, cuscohygrine, withfarein, and steroidal lactones are the primary 

phytochemical components of ashwagandha. It has a cognition-promoting effect and was 

helpful for elderly adults who were losing their memories as well as for children with memory 
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loss. Additionally, it was discovered to be helpful in treating neurological illnesses like 

Parkinson's, Huntington's, and Alzeimer's disease. It has a GABA mimicking effect and has 

been found to encourage dendritic development. It reduces anxiety and boosts energy while 

also benefiting mitochondrial health. It has been reported to be effective in clinical cases of 

osteoarthritis and rheumatoid arthritis. It is an anti-inflammatory and anti-arthritic drug. 

Commonly sold as a churna, or finely sieved powder that can be combined with water, ghee 

(clarified butter), or honey, ashwagandha is a well-known herb. It helps memory and the way 

the brain and nervous system work. It promotes a healthy sexual and reproductive balance by 

enhancing the reproductive system's functionality. Due to its potent adaptogenic properties, it 

increases the body's resistance to stress. Ashwagandha enhances cell-mediated immunity, 

which strengthens the body's resistance to disease. Additionally, it has strong antioxidant 

qualities that aid in preventing cellular damage brought on by free radicals. About 49% of the 

efficiency of CHO cells to form colonies was inhibited by withania roots. It hinders cell 

adhesion and reduces cell development. The cell density and length of Ashwagandha exposure 

both had an impact on the long-term growth inhibition of CHO cells. [13,14] 

MYROBALAN (TERMINALIA CHEBULA):  

Haritaki (Terminalia chebula Retz), which has the ability to both prevent and treat illness, is 

highly regarded in Ayurveda. Since ancient times, it has held the top spot among medicinal 

herbs in India. Ayurveda refers to it as the "King of Medicines" and always lists it first due to its 

exceptional therapeutic advantages. The fruit of myrobalan is the primary medicinal component 

in both ITM and contemporary phytotherapy. Total phenols are the components of myrobalan 

that are pharmacologically active (tannins). All things are made up of these four parts, and the 

proportions of these four elements in each object are what distinguish one thing from another. 

As a result, each thing has a unique quality depending on its dominating ingredient (s). This 

particular attribute is referred to as temperament (midzaj). Myrobalan improves mental acuity 

and memory retention. Confusion, headache, melancholy, depression, preoccupation, amnesia, 

facial paralysis, misanthropy, dizziness, and sleeplessness are among the reported conditions 

for which it is beneficial. It purges phlegmatic excreta from the brain and prevents stomach 

vapours from rising into the skull, according to traditional writings. Myrobalan, an eye tonic 

and desiccant of moisture in the eye, improves visual acuity and promotes drainage from the 

eyes. When soaked in rosewater, it is also helpful for epiphora and eye discomfort. Myrobalan 

revitalises the heart and is effective in treating tachycardia and palpitations. A myrobalan tonic 

for the stomach reduces stomach moisture, suppresses vomiting and diarrhoea (roasted), and 

boosts appetite and retention. It reduces hemorrhoidal bleeding, acts as a laxative (soaked), and 

is digestive (burnt powder). Myrobalan's liver tonic (jam), which is used to treat polypus, 

generalised dropsy, spleen discomfort, and as a diuretic, controls the temperament of the liver. 

Myrobalan is a hair tonic, one that reduces greying of the hair and brightens up pallor (when 

sucked). Leprosy can also be effectively treated with it. Myrobalan helps heal mouth ulcers, 

aphthous, and milk fever while strengthening the gums and teeth. 
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CONCLUSION 

Due to its superior healing abilities and lack of negative side effects, ayurveda is emerging as a 

viable replacement for conventional allopathic therapy. Due to their high operating expenses, 

typical synthetic medications are also more expensive than traditional plants; however 

ayurveda medicines' processing costs are decreased by the natural development of plants. On 

the other hand, because harmful chemicals are used as raw materials in the pharmaceutical 

industries, the synthesis of ayurvedic medications is more environmentally friendly. In order to 

prevent the negative effects of allopathic medications, plant extracts are now employed directly 

as chemotherapeutic agents. Additionally, the commercial production of medicinal plants will 

create new agricultural job possibilities that will encourage the expansion of the primary sector 

and rural development. 
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ABSTRACT 

The scientific field of molecularly imprinted polymer (MIP), which involves the polymerization 

of monomers in the presence of an analyte molecule that imprints structural information into 

the resulting polymeric matrix, is quickly gaining importance for a variety of applications in 

chemistry, biotechnology, and pharmaceutical research. Accurate sensing methods are 

fundamentally required for this field, along with ruggedness, cost effectiveness, reliability, and 

ease of manufacture and usage. High specificity and nonbiological material composition are 

required for the optimum molecular recognition agent. A method for creating fake receptors 

with binding sites that are specifically designed to mimic the analyte molecules in terms of size, 

shape, and functional groups is known as molecular imprinting technology (MIT). The 

proposed chapter covers all of the fundamentals of making MIP and how to use them to analyse 

pharmaceutical samples. 

KEYWORDS: Molecularly Imprinted Polymer, analyte molecule, molecular recognition. 

INTRODUCTION 

The healthcare industry is too reliant on sensing and the aspects with it for disease detection 

and the degree of diseased states in order to optimise clinical patient care. The biosensing and 

chemosensing industries have integrated this field of sensing into their operations. Sensing 

certain biomarkers is frequently necessary for disease diagnosis, and not only for diagnosis but 

also for monitoring the progression of the disease, these sensors are crucial. The environmental 

industry, as well as the healthcare sector, significantly relies on feelings of brotherhood. The 

biological elements' precision, specificity, and selectivity made them suitable for use as 

biosensors for 'sensing'. Antibodies are frequently utilised in clinical diagnostics, basic 

biomedical research, industrial purification, and selective sensing. However, antibodies have 

features that limit their applicability. 

These are large complex molecules that need to be stored carefully. As antibodies are produced 

by living cells, it is sometimes difficult to control their quality. An ideal molecular recognition 

agent should have high specificity and be composed of a stable, robust, non-biological material.  

OVERVIEW OF MOLECULARLY IMPRINTED POLYMERS (MIPS) 

The molecular imprinting process typically involves the copolymerization of a functional 

monomer or monomers, a cross-linker, porogen and an initiator in the presence of template 

molecules, whereby the functional monomer possesses special functional groups to bind with 
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analyte molecules. After polymerization, the resulting MIPs have stabilized binding moieties 

and subsequent removal of analyte molecules leaves cavities with corresponding size, shape, 

and structure to an analyte and facilitates the capture of analytes by MIP (Pan et al., 2017; Wang 

et al., 2019). The complex between the target molecule and functional monomer(s) are frozen 

within an inflexible porous polymeric configuration by copolymerization with a crosslinker 

(Alexander et al., 2006). A schematic representation of the whole process is shown in Scheme 1. 

 
Scheme 1: Schematic mechanism for molecular imprinting (Korposh et al., 2014) 

 

In the history of imprinting, researchers have coordinated several polymerization procedures 

into the imprinting process which has resulted in five main types of molecular imprinting 

approaches. These are self-assembling, pre-organized, electrostatic/ionic and semi-covalent 

methods. A schematic representation of these molecular imprinting techniques illustrated in 

Schemes 2 represents their interaction in MIPs. 

 
Scheme 2: Hierarchy diagram for molecular imprinting approaches 

 

MIPs display advantages such as high resistance for mechanical pressure, high temperatures, 

wide pH ranges, a variety of solvents and intense radiation. Moreover, the moderately 

necessary synthesis procedure in combination with the possibility to store the MIPs under harsh 

conditions and their ability to repeatedly bind analytes has resulted in a substantial interest of 

these materials and their conceivable applications.  
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COMPONENTS OF MIPS 

Depending upon the purpose and also characteristics of the analyte molecule, the components 

of the polymerization mixture are chosen: monomer, cross-linker, initiator and suitable solvent 

which facilitate binding of the segments. Each ingredient added within the polymerization 

mixture has its own significance over the properties and performances of the final MIP.  

1. TARGET TEMPLATES 

An ultimate objective of molecular imprinting is to engender MIPs with specificity and affinity 

similar to those of the biological receptors so that they can eventually replace such biological 

elements in ‘real’ applications. Usually, a perfect analyte molecule should fulfil three 

requirements: it should contain functional groups that do not prevent polymerization; it should 

display chemical stability during the polymerization reaction, and it should include functional 

groups that can produce complexes with functional monomers (Chen et al., 2011). However, low 

selectivity is generally achieved when the metal ion itself acts as an imprinting template since 

the metal ions have similar charges, similar ionic radii, and properties (Zhang et al., 2014). 

Various kinds of target templates are tabulated in Table 1. 

Table 1: Common target templates used in molecular imprinting (Chen et al., 2016) 

Type Typical example 

Ions Pb(II); Sr(II); Hg(II); CH3Hg(I); Cd(II); Cu(II); Cr(III); Fe(III); Ni(II); 

UO22+; Th(IV); Eu(III); As(III); PO43- 

Organic molecules Pesticides: atrazine; 2,4-dichlorophenoxyacetic acid; benzimidazole 

fungicides 

Endocrine disrupting chemicals: bisphenol A; estradiol; oestrone; 

polycyclic aromatic hydrocarbon 

Pharmaceuticals: tetracycline; quinolones; propranolol; digoxin; 

sulfonamides 

Amino acids and peptides: tyrosine; alanine; tripeptides; helical 

peptides; cinchona alkaloids; N-terminal histidine sequence of 

dipeptides; epitope; protein 

Sugars: D-fructose; D-glucose; D-galactose 

Biomacromolecules Lysozyme; adenosine; 3,5-cyclic monophosphate (cAMP); bovine 

serum albumin (BSA) 

Cells and viruses Tobacco mosaic virus; bovine leukemia virus; dengue virus; gut-

homing T 

2. MONOMERS  

The monomer interfaces with the analyte molecule with their functional groups, prompting to 

the development of the pre-polymerization complex, hence this being a crucial step in the MIP 

synthesis. Two kinds of components are necessary: the ones capable of recognizing and 

interacting with the analyte and the polymerizable unit (Chen et al., 2016). Most of the 

imprinted polymers have been prepared to use monomers, which can form only a single 

hydrogen bond or electrostatic interaction with the analyte/guest molecule. These mono-
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functional monomers are attractive because they are commercially accessible and are cheap. 

Likewise, the analyte must complex with multiple mono-functional monomers to form high-

affinity binding sites. Multiple monomers contain two or more functional groups that can 

interact with separate recognition groups on the analyte molecule. Multiple monomers can form 

stronger monomer-template complexes, prompting a higher yield of templated binding sites 

(Wu et al., 2008). This can be seen in Fig. 1, which compares MIPs formed from mono- and 

multi-functional monomers. 

 
Figure 1: Comparison of the imprinting process carried out using a traditional 

monofunctional monomer and multifunctional monomer (Wu et al., 2008) 

3. CROSS-LINKERS 

A cross-linker is an organic (rarely inorganic) compound which is included within the 

polymerization mixture, with the primary purpose of fixing the molecules of the monomer 

around the ones of the analyte. The cross-linkers that are most often experienced in MIP 

development are methacrylate based ones (Sunayama et al., 2016), followed by thiophene ones 

(Suriyanarayanan et al., 2017), silanes (Zhang and Chen 2016), glutharaldehyde (Czulak et al., 

2016) and N,N'-methylene bis-acrylamide (Karimian et al., 2016). The cross-linker has a 

significant role in the stability of the polymer; some typical cross-linkers are presented in Fig. 2. 

 
Figure 2: Chemical structures of common cross-linkers (Moreno-Bondi et al., 2008) 
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4. POROGENS 

Porogens (porogenic solvents) act as dispersion media and pore-forming agents in the 

polymerization procedure. So they additionally play an important role in the polymerization. 

The polarity of porogens can influence the interaction between the analyte molecule and the 

functional monomer, and therefore the adsorption properties of MIPs, particularly in non-

covalent interaction systems. Non-polar and less polar organic solvents, such as toluene, 

acetonitrile, and chloroform, are frequently used for non-covalent imprinting to acquire good 

imprinting efficiency since the adsorption properties, and morphology of polymers depends on 

the types of solvents used. 

5. INITIATORS 

Polymerization is a chain reaction that begins with the initiation of a single monomer’s 

molecule that becomes the active centre of the entire reaction. The triggering of the reactive 

species is generally due to the presence of an initiator in the polymerization mixture. The 

initiators can be divided into three major classes: thermal initiators (the most commonly used 

being benzoyl peroxide, potassium persulfate and azo-bis-isobutyronitrile (Chen et al., 2016)), 

redox initiators and photo-initiators, respectively.  

6. TRANSDUCER 

A transducer is a tool that transforms a signal in one form of energy to a signal of another form.  

Transducers are usually applied at the boundaries of automation, measurement, and control 

systems, where electrical signals are converted to and from other physical quantities. The 

process of transforming one form of energy to another is known as transduction. There are 

several types of transducers like electrochemical, pizeogravimetric, etc.  

A typical electrochemical sensor (Grieshaber et al., 2008) includes: i) recognition elements that 

specifically bind to the target molecule; ii) a transducer where a specific reaction happens with 

recognition elements and gives rise to a signal; iii) an electronic system that converts an 

electronic signal to a significant parameter describing the process being examined and exhibits 

final outcomes through an interface to the human operator. 

Gravimetric sensing is one of the most sophisticated and traditional working approached for 

MIP biosensors, which has been illustrated and improved by numerous studies over the 

previous decades. By detecting the mass change, MIP sensors first transfer mass signals to 

analyzable signals, particularly through piezoelectric effect (Li et al., 2019). Piezoelectric 

transduction sensors have many sensing advantages for a variety of target structures.  

DEVELOPMENTS IN MIPS SENSOR 

Numerous MIP frameworks have been fabricated straightforwardly via free radical 

polymerization of vinyl functional monomers (Kindschy and Alocilja 2005). In previous work, 

bulk MIPs were utilized extensively in the fields of chromatography and separation science 

(Cheong et al., 2013). However, poor performance, caused by insufficient solvent extraction and 

loss of an adequate number of imprinting sites from natural grinding, was frequently observed 

in early applications of MIPs. Indeed, planar MIP film-based sensors did not resolve the 

limitations of imprinted cavities, which mainly determine sensing capacity. Up to till date, a 

series of techniques have been proposed to solve these obstructions and recently, numerous 
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efforts have been utilized to enhance the sensing properties of MIPs. Specifically, micro-contact 

imprinting (Bakhshpour et al., 2017), surface imprinting (Xing et al., 2019), epitope imprinting 

(Kushwaha et al., 2019) and imprinted core-shell NPs (Zheng et al., 2019). These polymers have 

been applied in several applications, e.g., purification (Asliyuce et al., 2012), isolation (Zhang et 

al., 2016), chiral separation (Rutkowska et al., 2018), catalysis (Li et al., 2016) and in sensors 

(Ensafi et al., 2019). 

APPLICATIONS OF MIP 

MIPs normally act as a vehicle for preconcentration and separation of samples and have been 

applied in various applications apart from sensing which is generally used in the detection of 

trace compounds such as stimulants, environmental pollutants, food additives, targeted drug 

delivery (Luliński 2017). In some ways chromatography is one of the most widely observed 

application areas of MIPs, which are suitable for chromatographic separation and food 

adulterants, supporting the preparation of tailor-made supports with predetermined 

selectivity? Significant investigations have also been addressed on the use of MIPs as effective 

materials for catalyzing some reactions. MIPs with catalytic features can be estimated, mimics of 

natural enzymes and applied in enzyme-like catalysis (Wei et al., 2018), purification of chemical 

and biological reagents (Tang et al., 2016), industrial security (Wackerlig and Schirhagl 2015), 

and environmental separations/analyses (Zhang  et al., 2019).  

Subsequently, an area which shows huge prospects for MIPs is that of therapeutics and medical 

therapy. The capability of the MIPs to bind bioactive molecules in specific conditions creates 

molecular imprinting technology as having considerable potential for creating suitable dosage 

forms. By the peculiar characteristics of MIPs, some of the application domains have been 

reviewed, including sensors and drug delivery which made them a highly interesting tool for 

different application areas.  
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ABSTRACT 

Plants are a vital part of daily life requirements for human beings, to name a few such as food, 

shelter, fiber, therapeutic purposes and several others. A large population in rural areas still 

prefers herbal medicines for health care. However, in rural regions where conventional 

medicines are easily accessible, it has been observed that there has been an increase in 

inquisitiveness in natural medications derived from plants and their use. Medicinal plants 

include a variety of physiologically active components, consisting of minerals and 

phytochemicals that show numerous physiological effects on humans. Plants are also consumed 

as food due to its enriched nutritional value to fulfill the requirement of the human body for 

smooth functioning of the system and this combinational food-medicine dietary habit has 

facilitated the development of a distinct dietary culture which serves both the purposes. This 

chapter here summaries some common as well as some medicinal plants with their nutritional 

value and their phytochemicals that are used as medicines. 

KEYWORDS: Medicinal plants, Nutritional value, Phytochemicals, Synergistic, and 

Conventional. 

INTRODUCTION 

Plants and plant-derived compounds are being used to treat many diseases. Since time 

immemorial, natural medicines have been discovered and derived from plants and other related 

microorganisms. Farmers can diversify their crops by cultivating medicinal plants and earn 

additional income from it. The market for herbal products is flourishing due to a growing 

interest as the consumers are keen in buying locally grown and available products. (S. H. 

Sherman, & N. Joshee, 2022). Humans have been dependent on plants from the start of human 

civilization as they are a source of medicine and also help in fulfillment of their diverse needs. 

Many therapeutic and nutraceutical benefits are derived from phytochemicals present in plants. 

Currently, more than 50% of all drugs seeked clinically are derived from products which 

ultimately are derived from plants (Kumari, 2022).  

Despite little or no understanding of the scientific motive behind their medications, individuals 

who use traditional remedies have understood from their personal encounter that some 

medicinal plants are highly potent if administered at therapeutic levels. Plants are multi-

functional chemical entities that can be used to treat a wide range of health conditions, all the 

credit goes to the advancement of our knowledge of how our bodies function today. There are 
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various chemical compounds present in medicinal plants that may work individually, 

additively, or synergistically to improve health. Let’s understand this with the help of an 

example The bitter compounds in a single plant has the ability to stimulate digestion, possess 

anti-inflammatory compounds which help in the reduction of swelling and pain, the phenolic 

compounds present in the same place act as antioxidants and venotonics, the anti-bacterial and 

antifungal tannins act as natural antibiotics, the diuretic substances which are present will 

facilitate elimination of wastes and toxins, and the alkaloids which has the property to enhance 

mood and wellbeing. 

However that’s not the case in allopathy, here single compounds or magic bullets are usually 

developed to treat specific conditions. Thus, to achieve a synergistic effect, or to increase the 

likelihood of an interaction with a molecular target, traditional medicine often uses chemically 

complex plants or mixes several different plants. In almost all societies today, it turns out that 

allopathic and traditional systems of medicine occur side by side in a complimentary way. The 

former is known to cure serious acute conditions while the latter one is used for chronic 

illnesses, to reduce symptoms and improve the quality of life in a cost-effective way (Wyk Van 

et al., 2018). 

The following table summarizes some common plants and some medicinal plants which have 

both nutritional importances as well as provide health benefits to us.  

Table 1: Tabular data encompassing various plants which are used medicinally with the brief 

description of their benefit to human health. 

Medicinal 

plants 

Nutritive value and 

important mineral 

elements 

Important health benefits References 

Tinospora 

cordifolia  

(Gulvel) 

 

T. cordifolia are enriched 

with fiber, protein, and 

carbohydrates, while 

containing little fat. It has 

a high Potassium (K) and 

Chromium (Cr) content, 

as well as a sufficient 

amount of Iron (Fe) and 

Calcium (Ca). 

A medicine that is known for 

slowing the process of aging, 

promotes intelligence, 

improves memory, prevents 

diseases, stimulates 

immunity, functions as a 

stomach-and-abdominal 

relaxant, and is also in use 

due to its antispasmodic and 

anti-diarrheal properties.   

H. Shivraj & C. 

N. N. 

Khobragade, 

(2009), N. 

Choudhary et 

al., (2013) 
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Catharanthus 

roseus 

(Madagascar 

periwinkle) 

 
 

The presence of elements 

K, Ca, P, Na, Mg, Fe, Mn, 

Al, Zn, Cu, and S were 

determined by plasma 

emission spectrometry. 

Used in the traditional 

system of medicine especially 

in cancer and diabetes, 

stomach disorders, kidney, 

liver and cardiovascular 

diseases also improved gut 

histomorphometric 

parameters of the small 

intestine in broilers.   

S. Kumar et al., 

(2022), S. 

Yasmin et al., 

(2022), M. P. 

Arvy et al., 

(1995) 

Boerhaavia 

diffusa 

(spreading 

hogweed) 

 

Through the use of High 

Performance Liquid 

Chromatography (HPLC) 

it was revealed that the 

plant is rich in vitamins C 

and B in the vegetables.  

Spectrophotometric data 

revealed the presence of 

iodine and iron contents. 

Presence of sodium (Na), 

Potassium (K), Calcium 

(Ca), Magnesium (Mg), 

Manganese (Mn), Copper 

(Cu), Zinc (Zn), and 

Aluminum (Al) were also 

reported. 

Studies have shown that 

dried leaves of the plant are 

used in dhoomapana 

(smoking) to treat bronchial 

asthma and to treat 

convulsions in folk medicine. 

 

 

 B. M. Goyal et 

al., (2010) 

Asparagus 

racemosus 

(Shatavari) 

 
 

Rich in Vitamins A, B1, 

B2, C, E, folic acid and 

minerals such as 

magnesium, potassium, 

calcium, and iron are 

present. There are a 

number of minerals 

present in different parts 

of the leaves and stems of 

A. racemosus as root, 

stems, leaves, flowers, 

seed, and twigs. 

Shatavari root powder has 

been reported to be effective 

in curing nervous disorders, 

dyspepsia, tumors, urinary 

infections, throat infections, 

tuberculosis, cough 

bronchitis, muscle spasms, 

rheumatism, cancer 

convalescence, immune 

system boost-good for AIDS. 

A. K. Singh et 

al., (2018) 
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Cymbopogon 

citratus 

(lemon grass) 

 

Studies concluded that 

Phytates content of 

lemon grass is 11860mg 

/100g, Phytate and Zn 

ratio is 9.6, Ca / Phytate 

0.05. The plants lack 

some of the heavy metals 

such as (Lead, Mercury 

etc.) which make it 

suitable for consumption. 

C. citratus is used for the 

treatment of digestive 

disorders, fevers, menstrual 

disorder, rheumatism and 

other joint pains.  

V. S. Nambiar 

& H.Matela 

(2012). 

Moringa 

oleifera 

(Drumstick) 

 

The plant contains 

essential amino acids and 

high amounts of 

provitamin A. There are 

also reports suggesting a 

surplus amount of 

micronutrients which 

includes phenolic acids, 

flavonoids, carotenoids, 

alkaloids, tannins, lectins 

and terpenoids. 

 Use of M. oleifera has rapidly 

increased in poultry diets 

and aquaculture. It has also 

found its importance in 

Indian medicine for treating 

conjunctivitis, elimination of 

worms from the abdominal 

tract, and improvement of 

milk production and 

treatment of anemia in 

pregnant women.   

N. M. Taufek et 

al., (2022);  H. 

M. Abdel-Latif 

et al., (2022); 

P. Kashyap et 

al., (2022) 

Allium 

ascalonicum L. 

(Shallot) 

 

This plant is a generous 

source of carbohydrates, 

vitamins A, B, and C, as 

well as phenolic 

compounds such as 

apigenin, quercetin, 

rutin, catechin, 

eriodictyol, gallic acid, 

tannic acid, and rutin. 

Allergies are treated with it, 

bones are boosted, vision is 

maintained, abdominal 

health is enhanced, immunity 

is boosted, and hair is kept 

healthy. Additionally, it 

reduces cancer risk, boosts 

bone health, prevents 

diabetes, improves brain 

health, and combats obesity. 

 S. Ehsen et al., 

(2019) 

Lagenaria 

siceraria 

(Bottle gourd) 

 

The plant is rich in 

minerals, vitamins, lipids, 

amino acids, and 

possesses a high amount 

of water content. 

Presence of abundant 

amounts of fiber are also 

found which aids in 

effective weight loss 

Fresh bottle gourd juice is 

used as a main constituent in 

the formulation of detox 

drink which is used as a 

remedy for different diseases 

such as diabetes, urinary 

problems, hyperlipidemia, 

depression and 

cardiovascular disorders.  

T. M. Goutham, 

(2021) 
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 Luffa 

cylindrica 

(Roem) L. 

(sponge 

gourd) 

 

Reports suggest that L. 

cylindrica is rich in 

mineral contents 

(Magnesium (Mg), 

Calcium  (Ca), Sodium 

(Na), Potassium (K), Iron 

(Fe), Copper (Cu), Zinc 

(Zn) and Manganese 

(Mn), Tannin, oxalate, 

phytin, phosphorus and 

phytic acid. It finds its 

use as a source of 

vegetable protein in 

animal and human 

nutrition. 

They are used for bathing, 

helps remove toxins and 

regenerates the skin. They 

help varicose veins and 

cellulite by stimulating 

circulation. Immature fruit is 

used as vegetables, and helps 

to treat diabetes, malaria and 

fevers because it is easily 

digestible. 

P. N. Sonavane 

et al., (2022) 

Momordica 

charantia L. 

(bitter gourd )

 
 

 The fruit is a rich source 

of vitamins namely 

vitamin A, vitamin E, 

thiamine, riboflavin, 

niacin, folate and vitamin 

C.  It also has high 

amounts of potassium, 

iron, calcium, 

magnesium, phosphorus 

zinc and a fair amount of 

dietary fiber. 

The fruits, roots, leaves and 

vines of this plant are used as 

a suppressant for toothache, 

diarrhea and furuncle. 

Various products of bitter 

gourd like bitter gourd tea, 

which is known as gohyah or 

herbal tea made from dried 

slices of bitter gourd, is 

gaining popularity as herbal 

medicine.  It is also used to 

treat cancer and diabetes. 

 K. S. Gayathry 

& J. A. John, 

(2022) 

Zingiber 

officinale Rose 

(Ginger) 

 

Ginger is rich in various 

substances such as 

carbohydrates, free fatty 

acids, amino acids and 

non -volatile compounds 

such as gingerol, starch 

and vitamins A and C.  

The bioactive compounds of 

ginger 6-Gingerol, is one of 

the main reasons behind 

plant spiciness and anti -

inflammatory, antioxidant 

and anti - tumor properties. 

Ginger has been used to treat 

throat and stomach, and by 

eating or rubbing it, it has 

been used to treat dark 

circles. It also inhibits the 

growth of cancer cells. 

 

H. Fathi et al., 

(2021) 
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Allium 

sativum L. 

(Garlic) 

 

The plant has a high 

amount of phosphoric 

and sulfuric acids, 

proteins and mineral salts 

contents. It contains at 

least 33 sulfur 

compounds, 17 amino 

acids, several enzymes, 

minerals and vitamins.  

Studies show that the plant 

possesses antibacterial, 

antiviral, antifungal, 

antioxidant, antiprotozoal 

and an effective immuno-

stimulant, growth promoter 

and improves flesh quality 

owing to the presence of 

various organ sulfur 

compounds. 

L. Hahn et al., 

(2022), P. 

Nyadjeu et al., 

(2021) 

Brassica 

oleracea var. 

italica 

(broccoli) 

 

Broccoli is a rich source 

of carbohydrates, 

potassium, Vitamin K, 

Vitamin C, Vitamin A, 

Vitamin E, and folate. It 

also possesses dietary 

fiber, amino acids, 

protein, calcium, 

phosphorus, magnesium 

and sodium.  

Broccoli is known to decrease 

the risk of obesity, diabetes, 

cancer, heart diseases, skin 

diseases, ophthalmic, 

respiratory, neural problems 

and overall mortality. Also, it 

overcomes the problem of 

malnutrition. 

Hedawoo 

(2022) 

Beta vulgaris 

L. (Fodder 

Beet) 

 

The plant is rich in 

vitamins (B complex and 

C), minerals, fiber, 

proteins, and a variety of 

bioactive phenolic 

substances. 

Beetroot has antioxidant, 

antimicrobial, anti cancerous, 

hypocholesterolemic, and 

anti-inflammatory properties.  

S. P. Bangar et 

al., (2022) 

 

CONCLUSION  

Plants are indeed the best gift of nature to human beings. Since the beginning of human 

civilization plants have supported the life of human beings by fulfilling their needs and 

requirements. Although plants provide us with numerous resources, the medicinal properties 

as well as nutritive value bore by them are really a boon for mankind. The internet has been 

searched to and fro even by common man to avail the knowledge of the medicinal properties of 

the locally available plant. Scientist and researchers are keenly interested in discovering new 

properties in the plant and new plants too! This chapter concludes information about some 

commonly available plants which we come across in our day to day life. Though a lot of 

information about the properties of various plants are available online. However, it  is advisable 

to not consume any plant without proper prescription.  
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ABSTRACT 

Rapid increase in population, has led to the improper waste management in cities resulting in 

increased pests and spreading of diseases. Nowadays, the Garbage Collecting Vehicle (GCV) 

collects the waste twice or thrice in a week. So, the problem is over flowing of wastages on the 

roads. Solid waste refers here to all non-liquid wastes. In general, this does not include excreta, 

although sometimes nappies and the faeces of young children may be mixed with solid waste. 

Solid waste can create significant health problems and a very unpleasant living environment if 

not disposed of safely and appropriately. If not correctly disposed of, waste may provide 

breeding sites for insect-vectors, pests, snakes, and vermin (rats) that increase the likelihood of 

disease transmission. It may also pollute water sources and the environment. 

KEYWORDS: Waste, Solid Waste, Waste Management, Types of Waste, Source of Waste. 

INTRODUCTION 

Earth is the only one planet in the universe in which human can survive easily without keeping 

any oxygen tanks or mask. Human and other organisms are living in the earth for millions of 

years. But the earth is in most danger because of human, who have the brain not other 

organisms, who do not have the brain. Humans are developing the nation by introducing the 

new technology, establishment of factories, nuclear weapons and machines but even these are 

the major issues of the earth. There are variety of unwanted product or material released by 

these technologies, known as “waste” by which the earth got polluted. In this chapter, we will 

discuss about waste and their different types, and how to manage waste to clean our earth.  

WASTE 

All the things which are no longer usable or unwanted, are thrown away after the primary use 

are known as wastes like as carbon emissions, substances, or by-products, materials, smoke, 

medical waste, radioactive waste, household trash etc.  

CLASSIFICATION AND TYPES OF WASTE 

Waste is classified according to their physical, chemical, and biological properties and also on 

the nature basis. Waste is classified in to following categories according to these properties 

 Dry Waste – All materials that are not examine wet or solid items. These include both 

reusable and non-reusable products. It includes several items like as clothing, bottles, cans, 

wood, plastic, metals, glass, and paper. 
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 Wet Waste – All material that are organic such as food items, solid food wrappers, tissues 

paper and paper towels, yard waste, hygiene products, as well as other solid material, 

contaminate the reusable product. 

 Sanitary Waste – All liquid or solid waste originating exclusively from humans and human 

activities. It also includes medical waste product. 

 Hazardous Household Waste – It contain all household material or products that include 

toxic, corrosive, ignitable, or reactive component and others. 

 E-Waste – It include all types of electronic waste product. 

 
Figure 1: Origin of waste 

 

Waste produced from many areas in several forms and it is characterized in different forms. 

Some common characteristics used to classify waste consist of the physical states, biodegradable 

potentials, the degree of environmental impact, source of production, physical properties, and 

reusable potentials.  

ON THE BASIS OF PHYSICAL STATE WASTE CLASSIFIED INTO THREE TYPES 

 Solid wastes: The solid wastes contain unwanted and useless substances, which is 

discarded by humans and other organisms. These include industrial, urban, agricultural, 

biomedical and radioactive wastes. The ‘refuse’ term is also used for solid waste. 

 Liquid waste: It is produced from washing of cloths, dishes, and other things, from flushing 

or industrial manufacturing processes. Such a waste is called effluent or sludges. These 

types of waste commonly discharge without any treatment in to the ground, rivers, nallahs, 

and other water bodies. 

 Gaseous waste: These types of wastes are produced in the gases forms. These gases 

included carbon dioxide (CO2), carbon monoxide (CO), sulphur dioxide (SO2), nitrogen 

dioxide (NO2), ozone (O3), methane (CH4), etc. These gases are released from factories, 

automobiles, burning of fossil fuels etc. and mixed in the atmosphere.  

ON THE BASIS OF DEGRADING FEATURE WASTE CLASSIFIED INTO TWO TYPES 

 Biodegradable Waste: Biodegradable waste can be decomposed by the microbial action. It is 

also called as moist waste such as paper, food items etc. 
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 Non-biodegradable Waste: Non-biodegradable waste cannot be easily decomposed by 

microbes or others. It is called as dry waste such as plastic bags, DDT, metal cans, etc.  

 
Figure 2: Different types of waste 

ON THE BASIS OF ENVIRONMENTAL IMPACT WASTE CLASSIFIED INTO TWO TYPES 

 Hazardous wastes: These are produced by every factories or industries. It is potential 

harmful for human health or environment. It included chemical, metals, lather, drugs, pulp, 

dye, electroplating, rubber etc. Liquid effluents waste from factories flows into a stream and 

kill the aquatic organisms. It also causes various types of health issues for humans. 

 Non-hazardous wastes: It is substances present in environment that does not provide 

harmful effect to humans. These are produced from many food processing industries, textile 

industries, paper mills, cotton mills, sugar mills. 

ON THE BASIS OF SOURCE WASTE CLASSIFIED INTO FOURTYPES 

 Industrial Waste: All industries and factories release different kinds of effluents or solid 

wastes and dump in to rivers and seas that cause pollution problems.  

Example: Oil, Chemical, Solvent etc. 

 Commercial Waste: These types of wastes are produced by offices, schools, colleges, and 

shops. 

Example: Plastic, Paper, etc. 

 Agricultural Waste: These types of wastes produced from the agricultural fields. 

Example: Cattle waste, Weed, Husk, etc. 

 Domestic Waste: It included different kind of household wastes produced from different 

household activities such as cleaning, cooking etc.  

Example: Leaves, Kitchen waste or vegetable peels Excreta, Garbage like newspapers, 

books, dust, plastic bags, bottles etc. 

About 90% of domestic waste is dumped on open land and increasing soil pollution. 

 
Figure 3: Different Sources of waste 
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Figure 4: different types of Waste 

WASTE MANAGEMENT 

Waste production resulted from interaction of humans with the environment or human 

activities. Production of waste and their management was not a major issue until people living 

in communities produced wastes in huge amount. These continuous flows of waste generating 

from human activities exhaust the environment. Waste management is considered to decline 

adverse effects of waste on human health, aesthetics, and worldwide resources. The aim of 

waste management is to minimize the dangerous effects of such type of waste on the 

environment and human health. Waste management simply defined as the collection, transport, 

recovery, waste disposal, monitoring and regulation of the waste management process. 

Although, the latest concept of waste management discuss about the 7 R’s – Rethink, Refuse, 

Reduce, Reuse, Recycle, Regulate, and Research. 

 
Figure 5: 7 R’s of Waste Management 

 

TYPES OF WASTE MANAGEMENT 

There are various types of waste management; few of them are shown on below in Figure:6 

 
Figure 6: Types of waste management 
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LIQUID WASTE MANAGEMENT 

For the management of liquid wastes, it is necessary to prevent or remove the pollutants 

discharge to the drainage system as a result of the creation, collection, and disposal of non-

hazardous liquid materials. To solve the liquid waste problem, stop dumping the containers 

of oil and liquid waste on the sea that disturb marine life, stop washing animals and cloths 

across the rivers, etc. 

Process of treating Liquid Waste by the Management: 

 Primary treatment: Screening, grit removal, and sedimentation (settling). 

 Secondary or biological treatment: Biological processes and additional settling. 

 Tertiary or advanced treatment: Not all sewage treatment plant requires tertiary 

(advanced) treatment. 

BIOMEDICAL WASTE MANAGEMENT 

Biological wastes are produced by treatment, testing, diagnosis, research, or production of 

biological component for humans or animals. These types of waste generated from Hospitals, 

labs, and blood banks, etc. 

Process of treating Biomedical Waste Management: 

 Incineration 

 Autoclaves 

 Mechanical/ Chemical Disinfection 

 Microwave 

 Irradiation 

 Vitrification 

SOLID WASTE MANAGEMENT IN DETAIL  

The management of solid waste included collection, treatment, and disposal of solid material, 

which is discarded or no longer used. It is an important system of urban area management. 

Disposal of solid waste in improper manner can generate contaminated conditions that lead to 

environmental pollution and the epidemic diseases. Solid waste management plays a significant 

role to save the environment from the harmful effects of biodegradable and inorganic element 

present in waste. 

There are many types of technical challenges included in solid waste management. Solid waste 

management faces various economic, administrative, and social problems which required quick 

attention. The vital sources of solid waste are households, industries and mining, agricultural 

fields, hotels and catering, hospitals and educational institutions, roads and railways, cultural 

centers and places of recreation and tourism, etc. Plastic waste included in solid waste.  

TYPES OF SOLID WASTE  

Currently, people are becoming more anxious about how they are going to discard waste or 

waste product from their homes and business places. Poor waste management system produced 

variety of unfavourable outcome, including many health issues and environmental problems. It 

is significant to know and understand the importance of waste management for people and 

industries. Waste management system involves several steps pointing on the regular collection, 

transportation, processing, and disposal or recycling of various kind of waste materials.  
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Figure 7: types of Solid Waste Management 

 

KEY COMPONENTS OF SOLID WASTE MANAGEMENT 

Solid waste management can be divided into five key components: 

 Generation 

 Storage 

 Collection 

 Transportation 

 Disposal 

GENERATION 

The stage at which solid waste material is become useless for people and no longer used ready 

to get discard all material. Items which may be valueless to one individual may not necessarily 

be valueless to another. For example, waste items such as tins and cans may be highly sought 

after by young children. 

STORAGE 

Storage is a system which is used for keeping materials after they have been discarded and 

before to collection and final disposal. Where is an implemented on-site disposal systems, such 

as where all people discard items directly into the family pits, storage may not be essential. In 

the situation of emergency, especially in the early stages, it is possible that the affected 

population will discard domestic waste in defectively defined heaps close to dwelling areas. In 

case if improved disposal or storage facilities should be provided fairly quickly and these 

should be located where people are able to use them easily. Improved storage facilities include 

these components: 

 Small containers: household containers, plastic bins, etc. 

 Large containers: communal bins, oil drums, etc. 

 Shallow pits 

 Communal depots: walled or fenced-in areas 

It is used for the determining the size, quantity and distribution of storage facilities the number 

of users, type of all waste and maximum walking distance must be considered.  
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COLLECTION 

Collection process simply refers to how to waste is collected for transportation to the final disposal 

site. In this process collection system should be carefully planned to ensure that storage 

facilities do not become overfull. Collection intervals and volumes of collected waste must be 

estimated with full precautions. 

TRANSPORTATION 

Transportation stage is very necessary, when solid waste is transported to the final disposal site. 

There are various types’ ways of transport which may be adopted depends upon local 

availability and the quantity of waste to be transported. Types of transportation can be divided 

into three categories shown on below: 

 Human-powered: open hand-cart, hand-cart with bins, wheelbarrow, tricycle 

 Animal-powered: donkey-drawn cart 

 Motorised: tractor and trailer, standard truck, tipper-truck 

DISPOSAL 

The final stage for the solid waste management, it is safe disposal where related risks are 

minimized. There are four main type methods for the disposal of solid waste shown on below: 

 Land application: burial or landfilling 

 Composting 

 Burning or incineration 

 Recycling (resource recovery) 

 

 
Figure 8: Functional Elements of waste management 
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Figure 9: Flow Chart of Solid Waste Management 

 

ON-SITE DISPOSAL OPTIONS 

This technology is used for the disposal and storage of waste on-site; these may be adopted and 

modified for the particular site and situation in the question. Detail of On-site disposal shown 

on below: 

COMMUNAL PIT DISPOSAL 

This is the simplest solid waste management system where consumers dispose of waste directly 

into a communal pit. The size of the pit will depend on the number of people it serves. The 

long-term recommended objective is six cubic metres per fifty people. The pit should be fenced 

off to stop small children falling in and should not be more than 100m from the dwellings to be 

served. Ideally, waste should be covered at least weekly with a thin layer of soil for the minimize 

flies and other pests. In below attached Figure show illustrates a simple communal pit. 

Advantages: It is fast to implement; and requires slight operation and maintenance. 

Constraints: The distance to communal pit may cause indiscriminate disposal; and waste 

workers both are required to manage pits. 

 
Figure 10: Communal pit disposal 
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FAMILY PIT DISPOSAL 

This disposal method provides a better long-term option where there is enough space. These 

should be rather shallow (up to 1m deep) and families should be expectant to regularly cover 

waste with soil from sweeping or ash which collects from fires used for cooking. This method is 

the best suitable for where families have a large plots and where organic food wastes are the 

main component of the domestic refuse. 

Advantages: Families are responsible for the managing their own waste; no external waste 

workers are required; and community mobilization can be included into hygiene promotion 

program. 

Constraints: In this process Involves the considerable community mobilization for construction, 

operation, and Maintenance of pits; and considerable space is needed. 

COMMUNAL BINS 

Communal bins are designed for the collection of waste where it will not be dispersed by wind 

or animals. It can easily remove for transportation and disposal. Plastic containers are basically 

inappropriate since these may be blown over by the wind, can easily be removed. A popular 

solution is to provide oil drums cut into half. The bases of these should be perforate to allow 

liquid to pass out and to prevent their use for many other purposes. A lid and handles can be 

provided if lid is necessary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Communal bins 

In general, a single 100-litre bin should be provided for approximately fifty people in domestic 

areas. In general, bins should be empty daily. 

Advantages: Bins are potentially useful for a highly hygienic and also for sanitary management. 

Constraints: Significant collection of waste, transportation and human resources are required; 

system takes time to implement; and effective management is essential. 

FAMILY BINS 

Family bins are not often used only in emergency situations because they require an intensive 

collection and transportation system and the number of bins are required likely to be huge. 
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In the later stages of an emergency, though, community members can be encouraged to make 

their own refuse baskets and to take responsibility to empty these at communal pits. 

Advantages: All Families are responsible for maintaining collection containers; and potentially a 

highly sanitary management process. 

Constraints: In general, the number of bins are required too large; significant collection, and 

transportation. It takes time to implement; and efficient management essential.  

OFF SITE DISPOSAL OPTIONS 

LAND FILLING 

In off-site disposal method solid waste is transported off-site it is normally fill into a landfill site. 

In this method the waste is placed in a large excavation in the ground, which is back-filled with 

excavated soil and each day waste is tipped. Preferably, about 0.5m of soil should cover the 

deposited refuse at the end of each day to secure animals from digging up the waste and flies 

from breeding. 

The location of landfill sites should be decided upon through discussion with the local 

authorities and population which affected by this. Sites should be fenced, and at least one 

kilometer downwind of the nearest dwellings. 

Advantages: It is very useful for a sanitary disposal method if managed effectively. 

Constraints: A reasonably large area is required. 

 
Figure 12: Land Filling 

INCINERATION 

Incineration is often used for the disposal of combustible waste; this should only take place off-

site or a considerable distance downwind of dwellings. Burning process responsible for waste 

refuse within dwelling areas may create a significant smoke or fire hazard, especially if several 

fires are lit all together. Burning process may be used to reduce the quantity of waste and may 

be proper where there is limited space for burial or landfill. Waste should be ignited within pits 

and covered with the soil once incinerated, in the same process as landfilling.  

Advantages: Incineration reduces quantity of combustible waste considerably; and it is proper in 

off-site pits to reduce scavenging. 

Constraints: There can be smoke or fire hazards. 
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Figure 13: Incineration 

COMPOSTING 

Composting is another simple method to composting of vegetables and other organic waste can 

be applied in many situations. Where people have their own gardens or vegetable plots, organic 

waste is a combination of dug and soil and also add humus and fiber. This is used for the makes 

the waste perfectly safe and also assists the growing process. This should be creating confidence 

wherever possible, particularly in the later stages of an emergency program. 

Composting requires proper management and careful monitoring of decomposing waste to 

control moisture and chemical levels and promote microbial activity. This is designed to 

produce compost which is safe and easy to handle and which role playas a good fertilizer.  

Advantages: Composting is eco-friendly; and beneficial for crops. 

Constraints: Intensive management and experienced personnel are required for large-scale 

operations. 

 
Figure 14: Composting 

RECYCLING 

Recycling means waste substance convert into again useful substance. Complex recycling 

systems are improbable to be suitable but the recycling of some waste items may be possible on 

occasion like plastic bags, containers, tins and glass will often be automatically recycled because 

they are likely to be scarce commodities in many situations. In most of developing country 

contexts there exists a strong tradition method of recycling leading to lower quantity of waste 

than in many more developed societies. 
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Advantages: Recycling is eco-friendly. 

Constraints: There is limited potential in most emergency situations; and it is expensive to set 

up. 

 
Figure 15: Recycling 

IMPORTANCE OF SOLID WASTE MANAGEMENT 

The primary aim of solid waste management is reducing and eliminating unfavourable impacts 

of waste materials on human health and also the environment to support economic 

development and superior quality of life. This is to be done in the majority of efficient manner 

possible, to keep costs low and prevent waste build-up. 

CONCLUSION 

In this chapter, I have discussed about waste, types of waste and their management. Especially I 

have focused in solid waste management and their types. In this chapter I have written 

summarized notes on the best waste disposal or management methods through reading the 

reference papers and articles. Now a day it is very typical problem day by day pollution 

increased due to waste and pollute our environment. In this situation solid waste management 

method play a broad role to reduce pollution by different management strategies and play huge 

role to protect our environment and reduce many dangerous diseases. 
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ABSTRACT 

Ethnobotany is the study of the dynamic relationship between plants and humans. Ethnoscience 

is a term used to encompass research that describes the interaction of local populations with 

their natural environment. These include ethnoecology and ethnobotany. Ethnobotany is not 

limited to plants, but is structured to include the study of algae, lichens and fungi. It is closely 

related to taxonomy, pharmacognosy, phytochemistry, ecology, conventional medicine and 

traditional medicine. Many useful medicines have been developed based on ethnobotanical 

approaches. This article aims to highlight issues related to ethnobotany, scope, plant used in 

ethnobotany and significance. 

KEYWORDS: Ethnobotany, plant list, importance of ethnobotany. 

INTRODUCTION 

Plant resources have remained an integral part of human society throughout history. After 

fulfilling the primary needs like food and shelter, man has sought for a suitable remedy among 

plants for curing various diseases. Traditional Drug is defined as indigenous drug that's used to 

maintain health and to help, diagnose, and treat physical and internal ails else from allopathic 

drug grounded on propositions, beliefs, and gests . Traditional drug has been used for 

thousands of times with great benefactions made by interpreters to mortal health, particularly 

as primary health care providers at the community position and has maintained its 

fashionability worldwide. Ethnobotany methodical study of the botanical knowledge of a social 

group and its use of locally available shops in foods, drugs, apparel, or religious rituals. 

Ethnobotany is the methodical study of the connections between shops and people. 

It isn't simply the study of the mortal" use" of shops; rather, ethnobotany locates shops within 

their artistic environment in particular societies, and situates peoples within their ecological 

surrounds. Ethnobotanists examine 

• The culturally specific ways that human perceive and classify different kinds of shops 

• The effects humans do to plant species, similar as destroying" weeds" or" domesticating" and 

planting specific kinds of food and medicinal shops 

• The ways in which colorful members of the factory world influence mortal societies. 

This inquiry ranges from the geopolitical impact of the European demand for spices( which 

helped to launch the Age of disquisition) to the part of hallucinogenic snuffs used by 
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Amazonian shamans in religious rituals. Attributes similar as creativity, reason, and curiosity, 

coupled with a desire to profit others — attributes common in the scientific community — aids 

those studying ethnobotany to make important benefactions. For illustration, the study of 

indigenous food product and original medicinal knowledge offers the pledge of practical 

counteraccusations for developing sustainable husbandry and discovering new drugs. 

Ethnobotanical studies range across space and time, from archaeological examinations of the 

part of shops in ancient societies to the bioengineering of new crops. Likewise, ethnobotany isn't 

limited to nonindustrialized or nonurbanized societies. In fact, co-adaptation of shops and 

mortal societies has changed and maybe boosted in the environment of urbanization and 

globalization in the twentieth and twenty-first centuries. Nevertheless, indigenous, non-

Westernized societies play a pivotal part in ethnobotany, as they retain a preliminarily 

underrated knowledge of original ecology gained through centuries or indeed glories of 

commerce with their biotic (living) terrain. 

The significance of ethnobotany is multifarious. The study of indigenous food product and 

original medicinal knowledge may have practical counteraccusations for developing 

sustainable husbandry and discovering new drugs. Ethno botany also encourages a 

mindfulness of the link between biodiversity and artistic diversity, as well as a sophisticated 

understanding of the collective influence (both salutary and destructive) of shops and humans. 

The term “ethno botany” was created in 1895 by the botanist harsher berg. He defined it as “the 

use of shops by primitive and endemic peoples”. 

S.K. Jain, popularly known as Father of Indian Ethno botany, his 434 publications including 

books in the fields of Plant Taxonomy, Ethno botany, Biodiversity conservation, Aboriginal 

shops and Phytogeography. 

Objective-The aims and objectives of Ethno botany are as follows: 

 Proper documentation of indigenous knowledge about medicinal plants.                   

 Preservation of unwritten traditional knowledge about herbal plants. 

 Conservation of our national heritage before its extinction 

 To create awareness about its role in cultural, social and health of people 

Scope of ethno botany-The scope of Ethno botany in recent times has been established with the 

problem of 

1) Rural Health  

2) Drugs  

3) Social customs  

4) Cottage industries 

 5) Conservation of ecosystems  

6) Nutrition  

7) Energy 
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Figure 1: Ethnobotany 

 

SCOPE OF ETHNOBOTANY 

MULTIDIMENSIONAL SCOPE OF ETHNO BOTANY- 

l.Ethnobryology:- Ethnobotanical study of bryophytes. 

2. Ethnocosmetics: Materials used by an ethinc group, folk, people or rare for care, 

beautification or Ornamentation of body, particularly skin and hair. 

3. Ethnodietetics: That aspect of ethnogastrology which relates to choice content, frequency, 

consumption and nutritive value of food. 

4. Ethnoecology: Deals with all indigenous beliefs, concepts, knowledge and 

practices relating to interaction between man and his environment, including motion 

and practices for conservation of species, communities, and nature in general. 

5. Ethnogastrology: Deals with all aspects of eating and drinking like the kind 

source, frequency, quantity and processing of the materials used among any ethnic 

group, folk, people, or face for satisfying hunger and thirst including the emergency 

famine or subsistence foods. 

6. Ethnic Gynecology: - Address indigenous beliefs, knowledge, concepts, and practices Female 

infertility treatment, contraception, pregnancy, childbirth and related issues. 

7. Ethnic gardening: - The following indigenous beliefs, concepts, knowledge and practices an 

ethnic group, people, person or people involved in the cultivation of horticultural crops plant 

enjoy unique fruits, vegetables, jewelry and luxury in your community. 

8. Ethnomedicine: Bringing together indigenous beliefs, concepts, knowledge and practices 

Ethnic groups, races, races, races that prevent, alleviate or curse disease, pam and folk medicine.  

9. Ethnomedical Botany: Study of plants used as medicines by all ethnic groups. The ethnic, 

ethnic, or racial ethnobotanical aspects of any drug source.  

10. Ethnomusicology: Study all aspects of voice and intonation within ethnic groups 

Instrumental music, origins, developments, themes and material related to their music. 

11. Ethnic drugs: All ethnic groups, ethnic groups, person or race. 

12. Ethnic Ophthalmology: Indigenous beliefs, knowledge, concepts and practices 

For the treatment of eye conditions, injuries and visual impairments. 

13. Ethnic Orthopedics:  Concepts and Practices of Indigenous Beliefs bone healing. 
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14. Ethnic Pediatrics: Concepts and practices of indigenous knowledge for care 

Child with sickness colic discomfort and pain. 

15. Ethnopaleobotany: Ethnobotanical aspects of fossil plant material.  

16. Ethno Pharmacy: Deal with unique belief and knowledge concepts 

Customs within an ethnic group, ethnic group, or race regarding gathering and preparation 

Storage and dispensing of medicines. 

17. Ethnopharmacology: Pharmacological research related to biomaterials Concepts and 

Observations of Ethnic Groups, Persons or Races, Indigenous Peoples and drug experiments. 

18 Ethnotoxicology: Analysis of substances considered or used as toxic An antidote among all 

ethnic groups, peoples or races. 

19. Nationalism: Deals with unique belief concepts, abilities and beliefs 

Human practices related to animal health. 

20. Ethnozoology: Covers all aspects of the direct relationship between humans and animals. 

 

 

 

 

 

 

 

 

Figure 2: Scope of Ethnobotany 

 

PLANT LIST USED IN ETHNOBOTANY 

Ethnomedicine- Nature has made available plant diversity to humans in the form of abundant 

wealth. The plants are useful to humans in different ways. Many plants today are medicinally 

highly important. 

Table 1: Plants list and its uses 

 
 

2.Aloe vera 

 

Common Name- Neem ,Nimba, Vepa 

Botanical name- Azadirachta indica 

Family- Meliaceae 

Medicinal properties- Neem contain saturated and unsaturated 

fatty acid like oleic and stearic. 

Medicinal uses- 1.The brak is used in skin disease. 

2. Leaves decoctionis given for ulcers and eczema. 

3. Flower are used as tonic an somachic. 

Common Name- Ghritkumari, Ghee-kunwar 

Botanical Name-Aloe barbadensis (syn.Aloe vera). 

Family- Liliaceac 

Medicinal Properties-The principle active composition of aloe is 
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3. Clove (Laung) 

 
 

4. Ginger 

 

 

 
 

5.Tulsi or Basil 

 
 

 

aloin, which is a mixture of glucosides among which barbalon is 

the chife constituent. 

Medicinal uses-1. Aloe (leaf flesh) is used externally for painful 

inflammation. 

2. It is stronger purgative hence used to treat constipation. 

3. It inhibits the growth of T.B causing bacteria i.e. 

Mycobacterium tuberculosis. 

 

Common Name- Laung, Krambu,  

Botanical Name-Syzygium aromaticum 

Faimly-Myrtaceae 

Medicinal properties-The oil contain 70 to 90 %of free eugenol 

and 5 to 12 % of eugenyl acetate. It is also contains small 

quantities of caryophyllenes, esters, ketones and alcohols.  

Medicinal Uses- 1. Dry clove buds are used as mouth freshener. 

2. It is chewed with betel due to its specific aroma. 

3. Bark of the tree is used to treat asthma and boils. 
 

Common Name-Adrak, Ale, Aadi 

Botanical Name- Zingiber officinale 

Family- Zingiberaceae 

Medicinal Properties-Ginger consist of volatile oil(1-

4%),Starch(40-60%),Fat(10%),Fiber(5%), Residual 

moisture(10%).Zingiberene and zingiberon are main principles 

which are involved in specific aroma and taste. 

Medicinal uses- 1.Reduces Cholesterol and help to avoid heart 

disease. 

2. Reduce the risk of cancer. 

3. Restrain the growth of many type of oral bacteria. 

 

Common Name –Krishna tulsi (black), Brinda shree tulsi (green) 

Botanical name- Ocimum sanctum 

Family- lamiaceae (Labiatae) 

Medicinal Properties-Aerial portion of the plant yields an 

essential oil possessing eugenol as the major constituent. Other 

compounds identified were nerol, eugenol, terpinene pinene 

and carvacrol. The leaves have also been reported to contain 

ursolic acid, apigenin, luteolin and orientin. 

Medicinal uses-1.Leaves acts as stimulant, diaphoretic, ant 

periodic and expectorant. 

2. It is also use in catarrhal and bronchitis. 
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Ethno-fibers- The credit of development of externally civilized outlook in human beings goes to 

fibers and fiber yielding plants. The fibers of these plants were woven into clothes and by using 

them human attitudes became different from their wildly expression. 

1.  Elephant Grass 

 
 

 

 

 

2.Cotton 

 

 
 

 

 

 

 

 

3. Coconut 

 
 

Common Name-Elephant grass, Napier grass 

Botanical Name- Pennisetum purpureum 

Family-Poaceae or Gramineae  

Useful part of  plant-Stem and leaf 

Uses of elephant grass-1.Due to its high productivity it is 

known as forage plant. It is used as fodder for cattles and 

buffaloes. 

2. It is uses for pest management, increase of soil fertility, for 

fuel production. 

3. This grass is used to make tablemat, sleeping mat, decorative 

wall hangings etc. 

 

Common Name- Rui, Kapa, Patti, Paruthi, Krapas, Kapas 

Botanical Name- 1.Gossypium hirsutum 

                            2.Gossypium arboretum 

                             3. Gossypium herbaceum 

Family- Malvaceae 

Useful part of plant- Seed and fibers of cotton 

1. Uses of cotton - It is basically used for every type of clothing 

from jackets to normal shirts. 

2. At home, it finds its use in bedsheets and curtains. 

3. Its seed oil is used in food and cosmetics. 

4. It is also used in coffee filters. 

5. Its seeds are fed to cattle and crushed to make oil, rubber and 

plastic 

 

Common Name- Coconut, Narial 

Botanical Name- Cocos nucifera 

Family- Palmae(Arecaceae) 

Useful part of plant- Mesocrap of fruit 

Uses of coconut-1.  Coconuts are high in vitamins, minerals, and 

antioxidants and can be eaten raw or cooked. 

2. Many people in rural areas make a living by making ropes out 

of coconut husk, which is a profitable business. 

3. The coconut husk has a variety of applications. They can be 

used to clean dinner plates, cups, other vessels, and even the 

floor as natural scrubbers 
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Ethnofood crop- The crop which wereselected by tribes for fulfillment of their food requriment 

are called ethno food crop. 

1. Singhada 

 
 

 

 

 

2. Kutki 

 
 

 

 

3. Kodo 

 

 
 

Common Name-Water chestnut 

Botanical Name- Trapa natans 

Family- Trapaceae 

Useful part of plant- fruit 

Uses of Singhada-1. Singhara is very useful for people 

suffering from jaundice.  

2. Singhara is high in antioxidants, which can help fight free 

radicals in your body 

3. Singhara is rich in vitamin B6, which is known to reduce 

stress. 

 

Common Name- Kutki 

Botanical Name-Panicum sumatrense 

Family- Gramineae/poaceae 

Useful part of plant- Seed 

Uses of Kutki- 1.  Its Dietary fiber protects against 

hyperglycemia. 

2.  It reduces cholesterol and helps in digestion. 

3. Helps lowers the risk of type 2 diabetes. 
 

Common Name-Kodo 

Botanical Name-          Paspalum scrobiculatum 

Family- Poaceae or Gramineae 

Useful part of  plant- Seed 

Uses of Kodo-1.It are beneficial for kidney, urinary bladder 

ailments. 

2. It gives relief from diabetes. 

3. When kodo eaten with curd it relives stomach pain. 

 

IMPORTANCE OF ETHNOBOTANY 

Ethno botanical knowledge is veritably ancient. It provides information regarding the 

traditional uses of factory wealth which can be employed in integrated ethnical development. 

The ethno botanical studies throw light on certain unknown useful shops and new uses of 

numerous given shops which can be exploited for developing new sources for some factory 

products and agro grounded diligence similar as, food processing, fibres and fluff, cordage and 

basketry, birth of comestible and eatable canvases, goo, resins, tannin, color birth for the 

upliftment of ethnical communities. 



RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

141 
 

Importance of Ethnobotany in the Indian Context 

 Plant resources have always served the primary needs of humans (including healthcare) 

since time immemorial. Indigenous knowledge of plants is recognised worldwide owing to 

their intrinsic value, as well as in the field of modern drug development 

 Plants are used as traditional herbal medicines in many parts of India by local ethnic people, 

especially in the Himalayan region 

 In fact, all traditional systems of medicine in India and around the world have their roots 

and origin in ethnomedicines. 

Importance of Ethnobotany in Environmental Conservation 

 Ethnobotany plays a significant role in understanding natural resources, which provide raw 

materials for agroforestry 

 Some crops are cultivated for generations and hence, they represent a distinct genetic stock 

adapted to local conditions. An example of this is the Moghania vestita which is a tuber crop 

of Khasi and Jaintia Hills 

 In India, various plants are included in nature-worship traditions. Some areas of forest are 

called sacred groves which play an important role in environmental conservation. Many 

sacred groves are seen in various parts of Meghalaya and Sikkim. 

CONCLUSION 

Ethnobotany studies the relationship between plants and the people of various societies; an 

important relationship for many tribal groups. Forest products provide tribal people with the 

materials they need for their daily living, including material required for their physical and 

health-related needs.  

Traditional systems of medicine in India, and around the world, originate from ethnomedicines. 

Conducting research into the relationship between plants and societies may help us in related 

areas such as drug discovery and environmental conservation. 
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ABSTRACT 

Plants have been the foundation of many traditional medicines since the beginning of time, and 

they still offer as new treatments to mankind. Aromatic plants are rich source of numerous 

metabolites that have been utilized for thousands of years around the world, providing a safer 

and more affordable therapeutic preference for millions of people in developed and developing 

countries. This book chapter deliberates the most important aromatic medicinal plants such as 

Sapindus mukorossi Fruit, Citral, Turmeric, Bergamot fruit, Lemon grass, Alpha-santalol, 

Alpha-santalol and Rose Catharanthus and relates their extracted components efficacy as 

pharmacophore agents. The anti-microbial, anti-mutagenic, anti-oxidant, anti-inflammatory, 

and anti-anxiety activities and many other biological activities are demonstrated by above 

mentioned aromatic plants. This book chapter deals with the source and chemotherapeutic 

applications of Saponin, Berberine, Citral, Linalool, Linalyl acetate, Vinblastine, Alpha-santalol.       

KEYWORDS: Aromatic plants, pharmacophores, anti-microbial, anti-mutagenic,                                                   

anti-oxidant, anti-inflammatory and anti-anxiety. 

INTRODUCTION 

The world of aroma is incredibly diverse and fascinating. In India, there are over 18000 different 

plant species01. Of these, about 1500 are aromatic and contain essential oils in one or more plant 

organs, including the root, leaves, flowers, and occasionally the bark or wood or whole plant is 

containing aromatic gradient02. They have such a broad range of fragrances because of their 

specific volatile oil components.  In the food and cosmetics sectors, essential oils and the scent 

compounds they produce are frequently employed. They are utilized in balms, ointments, skin 

care products and the majority of them are utilized in medicines.03 

In the last 1500 years Before Christ, they have been used in health and beauty treatment. 

Aromatic oils, as well as their derivatives and combinations were in high demand in holistic 

medicine, which also included aromatherapy (Aromatherapy is the use of essential oils for 

therapeutic purposes).  Aromatherapy was already practiced since ancient times. When essential 

1Department of Chemistry, Govt. College Lateri (M.P.) 

2Department of Chemistry, Govt. Motilal Vigyan Mahavidhlaya Bhopal (M.P.) 

3Department of Chemistry, IEHE, Bhopal (M.P.) 

4Department of Physical Science-Chemistry, Rabindranath Tagore University, Bhopal, MP 

Corresponding author E-mail: koshal_anil@yahoo.com 

 

 

ANIL KUMAR KOSHAL1, ALKA PRADHAN2,  

NIDHI CHAUHAN3 AND RANJIT KUMAR PUSE4 

 

Chapter 

17 

 

AROMATIC PLANTS: A GREAT SOURCE OF 

PHARMACOPHORES 

mailto:koshal_anil@yahoo.com


RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

143 
 

oils are inhaled, the scent molecules travel directly from the olfactory nerves to the brain, 

focusing on the amygdala, the brain's emotional centre.04 

Aromatic plants produce and store a wide range of biochemical products, many of which are 

extractable and useful as chemical feed stocks or raw materials in a range of research studies. 

Many plant secondary metabolites are commercially important and are used in a variety of 

perfumery, flavouring and pharmaceutical compounds. Aromatic plants are widely labelled to 

as 'natural bio-chemical factories' or 'chemical goldmines' because of their distinct and unique 

property, which is due to a variety of different biochemical compounds. Aromatic plants 

contain odiferous volatile substances that show up as essential oil, green exudate, balsam, and 

oleoresin in one or more parts of the plant, namely the root, wood, stem, greenery, flower, and 

fruit.05 

Aromatic plants ingredients are not only widely used in the cosmetic formulations, or as 

precursor materials for the synthesis of other compounds, but some of them also have 

extraordinary therapeutic applications in the pharmaceutical and drug industries. Aromatic 

herbs have long been used in traditional medicine for their medicinal therapeutic potential. 

They are prescribed as inhalation, oral intake, massages, gargles, and mouth wash for 

therapeutic purposes.06  

A number of aromatic plants, essential oils, and aroma compounds are listed as approved 

treatments in numerous formularies and books on medical herbs from different countries. 

Geranium and ylang ylang oils are said to have adaptogenic effects. While the majority of 

essential oils have antimicrobial qualities, some are very effective and are frequently used as 

antiseptics.07 

PHARMACOLOGICAL USE OF AROMATIC PLANTS GRADIENTS                                                             

WHO estimates that approximately 80% of the world's population relies primarily on 

traditional medicines for primary health care, and the majority of traditional therapy includes 

the use of plant extracts or bioactive components.08 Traditional herbal medicines, have 

continued to play an effective role in developing countries, particularly in the revival of interest 

in the use of medicinal plants both in developed and developing countries because herbal 

medicines are reported to be safe and do not produce any side effects, which are frequently 

observed with the long administration of synthetic drugs. 

Numerous aromatic plants synthesize many chemicals components that are medicinally 

beneficial to human health. The majority of these substances are products of secondary 

metabolism in bacteria, fungi, and plants. The roots, stems, leaves, and other parts of these 

plants can be used, and they can also be processed to produce essential oils or extracts.09 

ANTI-MICROBIAL ACTIVITY   

Since ancient times, plant leaves have been used as herbal remedies for their medicinal benefits. 

The medicinal value of these plants is due to bioactive compounds found within them. 

Aromatic plants have long been employed in folk remedies and to increase the shelf life of 

goods since they are inhibitory to yeasts, fungus, and bacteria. Essential oils and other 

compounds produced by their secondary metabolism are mostly responsible for their 
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pharmacological characteristics. Natural compounds and extracts from various plant species 

can control microorganisms associated with skin, dental caries, and food spoilage.10 

SAPONIN 

Aromatic plants component, Saponin possess great anti-biological activities (anti-bacterial, anti-

fungal, and antiviral activity). Saponins seem to be secondary plant metabolites found 

throughout the plant kingdom. Saponin functions as a chemical barrier or shield in the plant 

defence system when it comes into contact with pathogens. Saponins seem to be water-soluble 

and surface-active.11 Saponin's stability is affected by pH and it is remarkably resistant to heat 

processing. Molecular formula of saponin is C58H94O27 and molecular mass is 1223.12   

Saponin is abundant in Sapindus mukorossi, Sapindus mukorossi also known as Indian 

soapberry, washnut, or ritha. Sapindus mukorossi fruit are great source of saponin.13 

  

                                          

 

 

 

 

 

 

 

 

 

Figure 1: Structure of Saponin and Sapindus Mukorossi Fruit 

 

BERBERINE 

Berberine, an isoquinoline-type component is found in many kinds of aromatic plants, its 

efficacy has proven against a broad spectrum of microorganisms. Berberine is a aromatic plant 

derived chemical found in plants like Oregon grapes and turmeric. Turmeric (Berberis aristate) is a 

shrub found in India and Nepal. It contains high amounts of aromatic gradient berberine.14 

Berberine is a bitter-tasting and yellow-coloured chemical. 

Barberine has the molecular formula C20H18NO4+ and a molecular mass of 336.3612 g/mol. Organic 

solvents such as ethanol, DMF, and DMSO dissolve berberine. It is slightly soluble in water.15 

Berberine has been shown in numerous clinical trials to be effective in the treatment of acute 

diarrhoea. A study of 127 children with diarrhoea found that berberine therapy was effective with 

no side effects. It might help strengthen the heartbeat, which could benefit people with 

certain heart conditions. It might also kill bacteria, help regulate how the body uses sugar in 

the blood and helps in reducing swelling.16 
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Figure 2:  Structure of Berberine and Turmeric Herb 

ANTI-OXIDANT ACTIVITY 

A substance that shields or protect the cells from the damage caused by free radicals produced 

during metabolism. Antioxidants have also been characterized as small amounts of precursor 

capable of preventing or significantly slowing the oxidation of easily oxidised nutrients.17  

Aromatic plants contain phenolic compounds, also known as polyphenols, which are natural 

components of plants and herbs and act as antioxidants. Aromatic plant extract is an active 

substance with the desired properties that are extracted from the various parts of plant, for its 

use in a specific purpose.18 

CITRAL 

Citral has several important pharmacophore properties, including antioxidant activity. Citral is 

essential therapeutic agents in the primary health care system for maintaining exceptional well-

being and health. Citral is a pale-yellow liquid with a strong lemon odour compound, found in 

aromatic plants essential oils.19 

Citral also called 3,7-dimethyl-2,6-octadienal and the molecular formula is C10H16O and 

molecular mass is 152.24. It is soluble in ethyl alcohol, diethyl ether and mineral oil but 

insoluble in water.20 

Lemongrass (Cymbopogon citratus Stapf.) is a popular culinary herb with numerous health 

benefits and a high Citral content. A cyclic monoterpene may be responsible for the smell of 

lemons (citral).21 

                      
Figure 3:  Structure of Citral and Lemon Grass 

ANTI-INFLAMMATORY ACTIVITY  

Inflammation is a complicated pathophysiological process mediated by a wide range of 

signalling molecules generated by leukocytes, macrophages, and mast cells, as well as the 

stimulation of complement factors, which causes edoema and pain at the site of inflammation 

due to extravasations of fluid, proteins, and so on. 
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Anti-inflammatory agents are intermediates that reduce the creation or activity of pro-

inflammatory cytokines and block immune cell trafficking into tissues, and thus have the 

potential to treat inflammation. 22 Research in herbal medicine has recently been revolutionised 

with the identification of several herbal plants with established possible effects and efficacy for 

medical problem either alone or in combination with pharmaceutical drugs. Ayurvedic 

medicine is a comprehensive natural health care system that is organised in India more than 

2000 years ago.23 

LINALOOL AND LINALYL ACETATE 

The findings suggest that linalool and its corresponding acetate such as Linalyl acetate play a 

significant role in the anti-inflammatory activity of essential oils within them, and they provide 

additional evidence that linalool and linalyl acetate producing specie are potentially anti-

inflammatory agents.24 

Linalool is a naturally occurring, colorless essential terpene alcohol found in a wide range of 

flowers and spices. Linalyl acetate is produced by a variety of herbs and fruits. It is a 

monoterpenoid acetate ester derivative of the linalool. Linalyl acetate is a colourless, clear, 

essential oily liquid. It retains a fantastic aroma material.25 

Citrus bergamia risso known as "Bergamot," is a Rutaceae family plant which is a hybrid of 

bitter orange. Bergamot fruit is mainly used to obtain useful essential oil.  Bergamot fruit are 

great source of Linalool and Linalyl acetate.26 

                 
Figure 4:  Structure of Linalool, Linalyl acetate and Bergamot Fruit 

 

ANTI-CANCER ACTIVITY 

Cancer is a disease that has a significant global impact on people. It is a serious public health 

problem in both developed and developing nations. Cancer is a disease caused by 

uncontrollable cell division that infects neighbouring cells or spreads into surrounding tissues.27  

To treat and prevent this fatal condition, there is a constant need for new therapies. An 

anticancer drug is effective in the treatment of cancerous cells. Anticancer medication, also 

known as antineoplastic medication. Several synthesised agents are used to treat the disease, 

however they are toxic, so research is being conducted to investigate plant-derived 

chemotherapeutics.28  

VINBLASTINE 

Vinblastine, since 1950s, is the first medication of choice for many types of leukaemia. It has 

improved childhood leukaemia survival rates by 80%. Vinblastine works by binding to tubulin 



RECENT TRENDS OF INNOVATION IN CHEMICAL AND BIOLOGICAL SCIENCE VOLUME III 
  (ISBN: 978-93-91768-73-7) 

147 
 

and prevents microtubule growth. As a result, the assembly of the mitotic spindle is disrupted, 

and tumour cells are stopped in the M phase of the cell cycle.29  

Vinblastine is a vinca alkaloid that is chemically similar to vincristine. Vinblastine is soluble in 

organic solvents such as DMSO and dimethyl formamide, but it is poorly soluble in ethanol. 

Molecular formula and molecular mass are C46H58N4O9 and 810.974 g/mol respectively.30  

Rose catharanthus commonly known as Madagascar periwinkle is a small perennial plant 

whose leaves are a rich source of Vinblastine. Eight species consist the genus Catharanthus, 

seven of which are indigenous to Madagascar and one, C. pusillus, to India.31 

               
Figure 5:  Structure of Vinblastine and Rose Catharanthus Plant 

 

ANTI-ANXIETY 

Anxiety is a typical emotion when dealing with the stress and problems of everyday life. Intense, 

excessive, and ongoing apprehension about everyday events. Anti-anxiety drugs are used to treat 

anxiety symptoms like the fear, dread, unease, and tightness in the muscles that can happen when 

under stress. Anti-anxiety medication, also known as anxiolytics or minor tranquillizers.32 

ALPHA-SANTALOL 

The organic compound alpha-santalol is categorized as a sesquiterpene. Its numerous health 

benefits have been attributed to the attenuation of various signalling pathways involved in 

disease development. Alpha-santalol has been shown to have anti-anxiety properties.33 Alpha-

santalol is an essential oil with a sandalwood odour and a pale to golden yellow colour. It has 

the formula C15H24O and is a fluorescent organic compound.34 

The alpha-santalol is comprised of 70-90% sandalwood oil, which can be found in the 

heartwood of the tropical tree Santalum album.35  

                  
Figure 6:  Structure of Alpha-Santalol and Santalum Album Tree 
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CONCLUSION  

Many bacterial, viral infections and other diseases are still lethal and untreatable, even though 

some could be controlled with existence agents, which are expensive and out of reach for the 

majority of people. Thus, one of the top universal resolutions in drug research is the discovery 

and development of safe, effective and low-cost antiviral molecules.  

As a result, scientists and researchers from various medical fields are studying aromatic herbs 

and plants to see if they can be used as antiviral drugs. Over the last 50 years, widespread 

pharmacology and phytomedicine research has resulted in the discovery of antivirals 

medication derived from natural products. Several traditional aromatic herbs and 

pharmacophore plants have been discussed as possessing powerful antiviral properties. In 

broad sense, aromatic volatile oils, aqueous extracts, and organic extracts have exhibited similar 

efficacious characteristics. Given the large number of traditional medicinal plants that have 

produced positive results, it seems reasonable to assume that these products contain various 

antiviral compounds. Bioactive aromatic compound characterization will reveal additional 

health advantages.  

As a result, widespread use of many traditional medicines for viral infection prevention is 

justified. Ultimately, the discovery and development of new antiviral agents derived from 

medicinal plants and herbs to combat the threats posed by pathogenic viruses such as critical 

disease are needed to be planned. 
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ABSTRACT 

Secondary metabolites, also known as phytochemicals or natural plant products are responsible 

for the medicinal properties of the plant to which they belong. Secondary metabolites of many 

medicinal and herbal plants in ancient Indian Medicinal System have been identified as 

potential antioxidants and are considered to be bioactive with pharmacological importance. 

This has led to increasing demands of natural drug therapies for their therapeutic potential and 

has therefore become a subject of extensive research. This book chapter illustrates the various 

plant secondary metabolites along with their pharmacological potential. 

KEYWORDS: Plant secondary metabolites, pharmacological potential, antimicrobial, 

anticancer, anti-transpirant, antimalarial, antipyretic, analgesic, anti-inflammatory, anti-

arrhythmic, bacteriostatic antioxidant, anti-inflammatory and anti-anxiety. 

INTRODUCTION 

Secondary metabolites, also known as phytochemicals or plant constituents are responsible for 

the versatile pharmacological potential of medicinal plants. On the basis of their role in basic 

metabolic process, the phytochemical constituents are categorized as primary and secondary 

metabolites. 

Primary metabolites are important in basic life functions such as cell division and cell growth, 

storage, respiration and reproduction. They include the components of various processes such 

as the Kreb’s cycle or citric acid cycle, glycolysis, photosynthesis and other associated pathways. 

Primary metabolites include small molecules such as amino acids, proteins, polysaccharides, 

sugars, nucleic acids, etc. Secondary metabolites are  those active components which are 

naturally synthesized in all parts of the plant body; root, stem, leaves, bark, stem, fruits, seeds, 

flowers, etc.[1] and are the products of the primary metabolic pathways. Secondary metabolites 

are said to act in defense purposes to protect a plant from any possible harm in the ecological 

environment [2] and other interspecies protection [3]. 

CLASSIFICATION OF PLANT SECONDARY METABOLITES 

Classification of secondary metabolites is based on chemical structure, composition, solubility, 

or their biosynthetic pathways [4]. The main classification system focus on three major groups 

i.e. terpenoids, alkaloids and phenolic compounds [5]. 

Secondary metabolites play an important role in treating several ailments in the traditional 

medicine. Several studies have revealed that natural antioxidants, such as vitamin E, vitamin C 

and beta-carotene, may help in scavenging free radicals generated during the initiation and 
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progression of diseases [6,7]. Phytochemicals are naturally occurring bioactive agents of plant 

origin. Phytochemicals can be active as antioxidants and show appreciable role in protection 

against oxidative stress [8]. Moreover, plant secondary metabolites or phytochemicals contain 

numerous natural products with interesting pharmacology activities [9, 10]. 

Therefore, there has been a significant increase in interest in plant secondary metabolites or 

phytochemicals with antioxidant activity as potential agents to prevent diseases [11]. In this 

chapter, the secondary metabolites possessing pharmacological potential leading to drug 

discovery and development are discussed. 

TERPENOIDS 

Terpenoids are the largest and the most diverse group of naturally occurring compounds. The 

terpenoids, also known as isoprenoids are derived from the isoprene units linked in head and 

tail fashion. The number of isoprene units incorporated into a particular terpene serves as a 

basis for their classification. Many of them have pharmacological activity and are used for 

diseases treatment both in humans and animals. Diterpenes tend to be most abundant in 

Lamiaceae family and have antimicrobial and antiviral properties. Some interesting compounds 

are extensively used in the industry sector as flavors, fragrance, spices [12, 13, 14]. 

Table 1: Classification of Terpenoids 

Terpenoids 

type 

Number of 

carbon atoms 

Number of 

isoprene units 

Examples 

Hemiterpene 5 1 Isoprene, isovaleric acid 

Monoterpene 10 2 Limonene, pinene 

Sesquiterpene 15 3 ABA (abscisic acid) 

Diterpene 20 4 Gibberellin 

Sesterterpene 25 5 Ceroplastol 

Triterpene 30 6 Brassinosteroids, squalen, lanosterol 

Tetraterpene 40 8 Carotenoids, lycopene 

Polyterpene Several Several Rubber, cytokonines 

 

Table 2: Pharmacological Potential of Terpenoids 

Name of 

terpenoid 

Source of terpenoid Pharmacological activity References 

Limonene Essential oils Fragrant, botanical insecticide, 

anti carcinogenic, anti bacterial 

[15, 16] 

Gibberlin Gibberella fujikuroi Promoting growth and elongation 

of plant cells 

[17,18] 

Linalool Essential oils Antibacterial, exert effect on CNS 

(central nervous system) 

[19,20] 

ABA Roots and terminal buds 

of plants 

Anti-transpirant [21] 

Sterols Naturally in plants, 

animals and fungi 

Nutritional supplements and 

medicinal 

 

Carotenoids 

 

Carrots, chloroplasts and 

chromoplasts of plants 

Antioxidants, sunlight protection, 

immune 
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Biological investigations indicated wide spectrum of pharmacological and physiological 

properties. These studies revealed the medicinal applications[22] of terpenoids and also revealed 

their importance in agriculture and horticulture [23,24] due to their antimicrobial and insecticidal 

properties. 

ALKALOIDS  

The alkaloids represent the group of secondary metabolites which contains the basic nitrogen 

atoms. In addition to carbon, hydrogen and nitrogen, this group may also contain oxygen, 

sulfur and rarely other elements such as chlorine, bromine and phosphorus [25]. Alkaloids are 

mostly produced by plants as secondary metabolites but they can also be produced by a large 

variety of organisms, such as bacteria, fungi, animals. Most of them are toxic to organisms and 

can be extracted by acid-base. Compared with most other classes of secondary metabolites, 

alkaloids are characterized by a great structural diversity and there is no uniform classification 

for alkaloids [9]. 

Table 3: Pharmacological Potential of Alkaloids 

Name of 

Alkaloid 

Source of Alkaloid Pharmacological activity References 

Atropine Atropa belladonna, Darura 

stramonium, Mandragora 

officinarum 

Competitive antagonist of 

muscarinic acetylcholine receptors, 

anti cholinergic, anti myopia effects 

[26, 27] 

Nicotine Solanaceae plants family Stimulant, antiherbivore, insectide, 

anti-inflammatory 

[28] 

Quinine Cinchona succirubra, C. 

calisya, c. ledgeriana, 

plants of Rubiaceae 

family. 

Antimalarial, antipyretic, analgesic, 

anti-inflammatory, antiarrhythmic, 

bacteriostatic 

[29,30,31] 

Tomatine 

 

Green parts of tomato 

plants 

Immune effects, anticancer, 

antifungal, poisonous 

[32,33] 

Coniine Conium macularum, 

Sarracenia flave 

Neurotoxin, poisonous [34,35] 

 

PHENOLIC COMPOUNDS 

Polyphenols are the most abundant phytochemical antioxidants containing one or more phenol 

units. Phenolics include phenolic acid, stilbenes, tannins, lignins, etc. and are found effective 

against oxidative damage. 

The mechanism of antioxidant activity of phenolics is based on hydroxyl group substitution of 

aromatic phenolic moieties. Hydroxyl group plays a significant role in terminating radical chain 

reactions by donating hydrogen to ROS, thereby neutralizing them. 

Polyphenols show significant health benefits as they potentially scavenge free radicals, acts as 

protective agents, as dietary supplements, as chelators of metal ions which are responsible for 

free radical production [36]. 
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FLAVONOIDS 

Flavonoids (comes from Latin word flavus meaning yellow in color) represent the largest 

category of polyphenols and are formed from aromatic amino acids in plants. The flavonoid 

skeleton commonly possess a flavan nucleus containing 15 carbon with two phenyl rings 

namely, A and B, and a heterocyclic ring C, configurationally linked as (C6-C3-C6) framework [37]. 

 
Figure 1: Structure of Flavonoids 

 

CLASSIFICATION OF FLAVONOIDS 

According to the IUPAC nomenclature [38], flavonoids are classified as follows: 

 Flavonoids or Bioflavonoids 

 Isoflavonoids, derived from 3-phenylchromen-4-one (3-phenyl-1,4-benzopyrone) structure  

 Neoflavonoids, derived from 4-phenylcoumarine (4-phenyl-1,2-benzopyrone) structure 

 Extent, to which the central pyran ring oxidizes, is the basis of classification of various types 

of flavonoids such as flavones, flavonols, flavanones, isoflavanones and anthocyanidins, etc. 

PHARMACOLOGICAL POTENTIAL OF FLAVONOIDS 

 Flavonoids are physiologically active constituents which help in the treatment of human 

diseases. Some of the activities attributed to them include: anti-allergic, anti-cancer, 

antioxidant, anti-inflammatory and anti-viral [39, 40]. 

 Acts as potential antioxidants [41] due to their biological and physiological activities. 

 Inhibits lipid peroxidation process and oxidation reactions of low density lipoprotein [42]. 

 Scavenge free radicals like superoxide radical, hydroxyl radical, peroxyl radical, etc. [36]. 

The substances which provide medicinal benefits and helps in the prevention as well as 

treatment of various diseases are called ‘Nutraceuticals’. Flavonoids are rich in nutraceutical 

ingredients [43], as they effectively provide remedies for various diseases including chronic and 

neurodegenerative diseases. The flavonoid intake and reduced risk of occurrence of chronic 

diseases can be directly correlated. Thus, recent developments have provided the significant 

basis for their nutraceutical functioning. 

Thus, they represent the largest category of plant phenolics and are significantly related to 

defense mechanisms against degenerative diseases. Almost 4000 flavonoids till date have been 

identified [44]. Some common flavonoids found in plants include diosmin, apigenin, quercetin, 

rutin, kaempferol, etc. Thus, there has been an emerging slope on flavonoid research, as they 

possess various health benefits, radical scavenging potency, as nutraceuticals and protective 

agents against various medical ailments. 
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CONCLUSION 

Numerous plants synthesize many chemicals components that are medicinally beneficial to 

human health. The majority of these substances are products of secondary metabolism in 

bacteria, fungi and plants. The roots, stems, leaves, and other parts of these plants can be used, 

and they can also be processed to produce essential oils or extracts.[45] 

Due to their wide range of biological activities, plant secondary metabolites have been used for 

centuries in traditional medicine. Phytochemicals have been recognized as the basis for 

traditional herbal medicine practiced in the past and currently in vogue in parts of the world [46].  

Current allopathic therapies are linked to various side effects and thus, to find an alternate 

source of treatment from natural products for the management of various diseases has become 

the basic necessity these days. The alternate medicine therapy offered by natural extracts serves 

to provide the remedies which are far from side effects. Thus, there as been an emerging trend 

by the researchers to explore medicinal plants in relation to their pharmacological potential. 
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