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PREFACE 

Life Sciences have always been a fundamental area of science. The exponential 

increase in the quantity of scientific information and the rate, at which new discoveries are 

made, require very elaborate, interdisciplinary and up-to-date information and their 

understanding. Enhanced understanding of biological phenomenon incorporated with 

interdisciplinary approaches has resulted in major breakthrough products for betterment 

of society. To keep the view in mind we are delighted to publish our book entitled 

"Frontiers in Life Science Volume VI". This book is the compilation of esteemed articles 

of acknowledged experts in the fields of basic and applied life science. 

This book is published in the hopes of sharing the new research and findings in the 

field of life science subjects. Life science can help us unlock the mysteries of our universe, 

but beyond that, conquering it can be personally satisfying. We developed this digital book 

with the goal of helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, academicians. 

Our special thanks and appreciation goes to experts and research workers whose 

contributions have enriched this book. We thank our publisher Bhumi Publishing, India for 

taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their blessings, 

without which this book would not have come into existence.  

 

Editor 
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Abstrat: 

Plant tissue culture was exploited for both basic and applied aspects such as haploidy, 

mutagenesis, somatic embryogenesis, somaclonal variation, selection of cell lines resistant to 

antibiotics and antimetabolites, protoplast fusion, genetic manipulation and molecular biology 

(Dix and Street, 1975; Bajaj et al., 1977; Lindsey and Yeomann, 1983). The concept of cellular 

totipotency i.e. ability to regenerate and entire organism from a single cell and plant part 

(explant) proposed by Haberlandt (1902) emerged as corollay of the cell theory proposed. 

According to this concept, the genetic information necessary for the development of the entire 

organism is contained in all living cell. Consequently when the cells are released from the 

developmental controls, they are able to divide and differentiate into specific organs and whole 

organisms.  

Keywords: Innovations, Techniques, Biotechnology, Genetic Engineering, Plant Tissue Culture 

Introduction: 

Mentha is a genus of aromatic perennial herbs belonging to the family Lamiaceae, 

distributed mostly in temperate and sub-temperate regions of the world. The number of 

taxonomically valid species in the genus remains a matter of speculation as members freely cross 

amongst themselves, producing many intermediary forms. Polyploidy has also played an 

important role in the process of speciation in this genus. Most of the commercially important 

mints are hybrids or amphiploids. M. piperita, the peppermint, is a sterile first generation hybrid 

between M. spicata and M. aquatica (Hefendehl and Murray, 1972). The spearmint, M. spicata, 

is a hybrid of M. longifolia and M. rotundifolia. Morphological, cytological and biochemical data 

have shown that the tetraploid species of M. spicata (2n-48) originated by chromosomal 

doubling of hybrids between the two closely related and inter-fertile diploids, M. longifolia and 

M. suaveolens (Harley and Brighten, 1977). The bergamot mint, M. citrata, is considered to be a 

variety of M. aquatica. It is believed that M. arvensis var. piperascens, Japanese mint, is a hybrid 
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between M. arvensis and M aquatica. Mint cultivation is widely distributed. The United States of 

America is the main producer of peppermint and spearmint oils. The peppermint (M. piperita) is 

cultivated on a large scale in the states of Oregan, Indiana, Idaho, Ohio and Michigan (Chambers 

and Hummer, 1992), whereas spearmint cultivation is localized in Indiana and Michigan. 

Spearmint is also cultivated in France, the United Kingdom, Italy, Yugoslavia, Hungary, 

Bulgaria, Russia, South Africa, Thailand and Vietnam. Bergamot mint is commercially 

cultivated in China, Taiwan and India, and menthol or Japanese mint in India, China, Taiwan, 

Thailand, Japan and Brazil. 

The first complete chemical defined nutrient medium was developed by Murashige and 

Skoog (1962). A standard culture medium consists of a balanced mixture of macro and micro 

nutrients, vitamins and plant growth regulators which play an important role in cell metabolism 

and cell membrane synthesis (Cocking, 1978). From the time Haberlandt presented his paper in 

1902 until about 1934 hardly any progress was made in the field of plant tissue culture.  

Plant scientists took advantage of totipotency concept and developed media and methods 

for tissue culture. The nutrient media used for most of the cultures were the formulations 

developed in the early 1930's by white (1934). The other media widely used for plant tissue 

culture studies were MS medium B5 medium (Gamborg et al., 1968), SH medium. 

Steward et al., (1958) from Cornell University USA reported roots, then shoots and 

ultimately whole plants from culture of carrot roots in cell suspension. The rise of whole plant 

from a free cultured cell was first in tobacco plant by Vasil and Hilderbrandt (1965). the present 

tissue culture revolution began in 1969 when the Rockfellor Foundation sponsored a small 

conference on crop improvement through plant cell and tissue culture at the Villa Sebellani on 

Lake Como, Italy. Tissue from almost any organ can prove to be totipotent under appropriate 

condition. The mode of regeneration depends upon the species, the organ used and level of 

growth regulatory substance in the medium. The ability of shoots, roots and flowers to 

riseadventiously is being exploited in tissue culture (Flick et al., 1983).  

Plant genetic transformation involves the transfer of foreign genes into the genome of 

host plant cells and recovery of whole plants in which the transferred genes are expressed. This 

technology allows introduction of new trails into plants while presenting the original desired 

phenotype of clones. Classical potato breeding programs can potentially benefit from genetic 

engineering to rapidly in corporate or modify particular traits such as insert resistance herbicide 

tolerance, and modified metabolomics into commercially appreciated cultivars. Genetic 

transformation can reduce the time necessary to obtain improved varieties. Provided that too 

many genes do not control the intended character. Transformation also makes it possible to 
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transfer specific traits into selected genotypes without affecting their desirable genetic back 

ground.  

Agrobacterium mediated gene transfer into plastme encoded streptanycin resistant plants 

(Double markers selection).  

A dream of every plant breeder is introduce a useful new character is an already 

established cultivars, without any change, except for the correct expression of the desired trait. It 

is possible not only to transfer genes among plants, but also among other phyla, apparent thy 

without changing anything in the general expression of other genes of the "recipient" organism. 

Several reports have been published about genetic transformation of crops. With useful genes 

against insects, fugi, and viruses DNA can be forced into cell nuclei using two methods: direct 

and indirect DNA transfer. The former uses physical or chemical agents. While the latter uses 

biological carries. Such as Agrobacterium or virus (Potrykus. 1990). 

The aim is not to just isolate transformed cell but to do with a reasonably high efficiency 

and to obtain transformed plants that are in distinguish able form untransformed plants with the 

exception of the introduced characters.  

In this context the Labiatue family is particularly rich of iodiversity and since ancient 

times it was the object of a great variety of uses by humans. Because of their traditional use by 

Mediterranean communities, the most quoted genuses in the literature are: Hyssopum, 

Lavandula, Majorana, Melissa, Mentha, Ocimum, Origanum, Rosmarinus, Salvia, Thymus, and, 

to a minor extent: Acinos, Ajuga, Ballota, Calamintha, Clinopodium, Coridothymus, 

Dorystaechas, Galeopsis, Glechoma, Lamium, Leonurus, Lycopus, Marrubium, Melittis, 

Micromeria, Nepeta, Phlomis, Prunella, Satureja, Scutellaria, Sideritis, Stachys, Teucrium, 

Thymbra, and Zitiphora. Different kinds of traditional uses are documented and among others 

the following are cited: as human food or livestock feeding, aromatic, for liqueur production, as 

medicinal or veterinary plants, to combat pests and parasites, as cosmetic, for house decoration, 

as fuel or illumination, in the handicraft, to produce soap, to tan the leathers, to dye the cloths, in 

religious, magie or superstition practices.  

Highly variable are also the forms of application or processing to which raw materials are 

subjected in order to permit their use: fresh, dry, pulverised, in water, oil or alcoholic infusion, as 

ointment, burned and eventually smoked, and sniffed as powder. A synthesis of the main uses 

and some information obtained from the literature databases are reported.  

Lamiaceae is one of the large plant families used as a framework to evaluate the 

occurrence of some typical secondary metabolites (Wink 2003). The typical secondary 
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metabolism of Lamiaceae includes various terpenoids and phenolic compounds (Hegnauer 

1989). Lamiaceae is subdivided in to two major groupings: 

Mints are herbaceous plants and perennial aromatic herbs that are cultivated for their 

essential oils used both for medicinal and culinary purposes. These plants belong to the genus 

Mentha L. (Lamiaceae), which is a native from north temperate regions and occur in all five 

continents. According to a high polymorphism in morphology and a great diversity in essential 

oil composition, the number of species in the genus Mentha L. has been a matter of speculation 

for many years described the species of the genus based on inflorescence morphology. Several 

features have been used in the past to examine the diversity of Mentha using morphological 

(Malinvaud, 1880), cytological Sharma and Bhattacharyya, 1959; and Harley and Brighton 

(1977) published a critical review of the chromosome numbers in relation to the taxonomy of the 

genus. They estimated that there are probably only 25 species and rather fewer hybrids. They 

recognized five sections (Audibertia, Eriodontes, Pulegium, Preslia, Mentha) on the basis of 

basic chromosome numbers and morphological features. There is no problem of identification 

for the first four sections because no example of natural interspecific hybridization exists. The 

fifth section, Mentha, includes five species: M. suaveolens M. longifolia (L.) Hudson, M. spicata 

L., M. arvensis L., and M. aquatica L. Chromosome counts for this section suggest a basic 

number of x 12 with a range of numbers from diploid to octoploid. Plants of this section have a 

vigorous rhizome system as a means of spreading and dispersal and are self-compatible, and a 

high level of out breeding is assured due to gynodioecy. Natural interspecific hybridization 

occurs with high frequency in section Mentha, both in wild populations and in cultivation. Most 

hybrids are sterile or sub feraile, but vegetative propagation enables them to persist. Complex 

hybrid populations may arise, and if they are sub fertile, may cross with parental or non-parental 

species.  

Mentha has been complicated by hybridization, by a high morphological polymorphism, 

as well as polyploidy and vegetative propagation. The best known hybrids are M. piperita 

(peppermint) and M. spicata L. (native spearmint), which are intensively cultivated for their 

essential oils. Mentha piperita results from a cross between M. aguation and M. spicata; M. 

spicata is the hybrid between M. suaveolens and M longifolia (Harley and Brighton, 1977) the 

great variability of M spicata led several workers to establish a subdivision of this hybrid, and 

two subgroups were described based upon two features. Cytological studies (Ruttle, 1931; 

Morton, 1956) led to the conclusion that two M. spicatacytotypes exist, with 2 36 and 2n 48 

chromosomes respectively. According to the cytotype implied in the cross with M aquatica, two 

M. Piperita cytotypes result, with 2n 66 or 2 72 chromosomes, respectively Moreover, 
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morphological and chemical data divide M. spicata into two different subgroups according to the 

presence or absence of non-secretingtrichomes and the essential oil composition. Wild M. 

spicata is nearly always hairy, like its diploid parents, and can contain other terpenes that are 

found commonly in its diploid progenitors. (a) Relationships between species and hybrids based 

upon karyological data (Harley and Brighton, 1977).  

(b) Mentha arvensis var. piperascens could have resulted from two crosses an asterisk indicates 

species implied in the cross that led to M. gracilis. Solid line Spicatae; dashed line Capitae; 

dashed-and-dotted line Verticillatae. spicata became glabrous with a characteristic odor due to 

carvone and menthone as the prevailing terpenes. Mentha spicata plants, introduced and 

distributed throughout the world, are often found as garden escapes. According to Lebeau 

(1974), it was essential to distinguish two M. spicata subspecies, M. spicata sub sp. spicata and 

M. spicata subsp. glabrata, with and without non secreting trichomes, respectively, for the 

following reasons:  

(1) The presence or absence of non-secretingtrichomes led to a different aspect,  

(2) Wide difference in perfume, and  

(3) Difference in habitats.  

Mentha spicata propagates almost entirely by vegetative means. Harley and Brighton 

(1977) described some individuals of M. spicata that were close in appearance to its progenitor 

diploid species. They noted that M. spicata segregates parental characters in its progeny by 

selfing, which was impossible to distinguish from the hybrids it often forms with either M. 

suaveolens or M. longifolia. In some cases, such hairy M. spicata plants were confused with M. 

longifolia. Over the past decade, several molecular techniques have been developed to provide 

information on diversity and genetic relationships. Two attempts to assess genetic relationships 

(Khanuja et al., 2000) and cultivar identity (Fenwick and Ward, 2001) based on RAPD markers 

have been undertaken in Mentha species. The complex systematics of section Mentha led us to 

choose amplified fragment length polymorphism (AFLP), based on the selective polymerase 

chain reaction (PCR) amplification of restriction fragments from a total digest of genomic DNA 

(Vos et al., 1995), to assess genetic diversity. It combines the specificity of whole-genome 

restriction fragment analysis and the selectivity of high stringency PCR amplification without 

prior knowledge of primer target sequences.  

A large number of markers can be obtained quickly compared to restriction fragment 

length polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD), or simple 

sequence repeat (SSR) Pejic et al., 1998; Garcia- Mas et al., 2000). Because of its high 

repeatability and resolution, the AFLP technique has been used successively to assess genetic 
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diversity, for example, in Brassica juncea (Srivastava et al., 2001) and to resolve phenetic 

relationships in Dactylorhiza (Orchidaceae) and in Lactucasensulato (s.1.) (Lactuceae, 

Asteraceae) (Koopman, Zevenbergen, and Van den Berg 2001). The goal of the present study 

was to genotype diploid and polyploid species of section Mentha by AFLP to (1) assess the 

relationships among accessions of an extended collection representing legitimate species and the 

hybrids M. piperita and M. spicata; and (2) check the existence of two M. spicata groups with 

molecular markers.  

Peppermint (Mentha X piperita L.) oil is one of the most popular and widely used 

essential oils, mostly because of its main components menthol and menthone. Peppermint oil is 

used for flavouring pharmaceuticals and oral preparations. Corn mint is the richest source of 

natural menthol. Carvonescented mint plants, such as spearmint (M. spicata), are rich in carvone 

and are widely used as spices, and they are cultivated in several countries. Studies were made 

into the yield and essential oil content of several mint species and the original.  

The general aim the work was to xamine the optimal conditions for cultivating mint in 

Northern Finland. The specific aims of the study were (first) to investigate the differences in the 

oil content for several mint species and (secondly) to compare the effect of various factors such 

as plant spacing (10, 20 and 30 x 50 cm), liming (0, 4, 8, 12 and 16 tons ha-1), propagation 

methods (micropropagated and conventionally propagated plants) and harvest date (once at the 

end of August in comparison with first cut at the beginning of August and second cut in mid-

September) on the cultivation success, quality and quantity of the plants. The constituents of the 

essential oil were analyzed from leaf samples using GC-MS. Among the peppermints of different 

origins studied, peppermint of USA and Egypt origin ('Black Mitcham') contain the highest 

menthol and optimum oil yield. Corn mint and Sachalin mints both had high menthol content. 

Due to several reasons, such as no significant differences between the different densities and oil 

composition, markedly higher amount of weeds at 30 x 50 cm than at 10 * 50 and 20 x 50 cm 

spacing and the high seedling costs and the danger of fungi and disease at a 10 x 50 cm spacing, 

a plant optimum of 20 x 50 cm spacing is recommended for Northern Ostrobothnia. If the pH 

value is lower than 6, or levels of Mg and Ca are low, liming at a rate of 4-8 t ha 1 for sandy soils 

in Finland is recommended in order to achieve higher fresh and oil yields.  

In the first year, there were no differences in the dry leaf yield of micropropagated and 

conventionally propagated plants, but the menthol content was significantly higher in 

conventionally than in micropropagated plants. In the second year, only the dry leaf yield of 

micropropagated plants was higher than that of their conventionally propagated counterparts. 

Cutting peppermint only once during full bloom (the end of August) gives the maximum oil 
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yield of good quality. In conclusion, it is possible to achieve as high as or even higher oil quality 

and dry yield in North Ostrobothnia than it is in central Europe or south Asia. However, this 

requires observing certain cultivation factors such as having the right type of mint, soil pH, 

planting density, harvesting time and propagation method In addition, mints must be cultivated 

in the same place for only two and a maximum for three years.  

Secondary metabolites in plants  

Secondary metabolites are present in all higher plants, usually in high structural diversity. 

Many metabolites have been found to protect plants against viruses, bacteria, fungi, and most 

importantly against herbivores. Many secondary metabolities such as cyanogenic glycosides, 

glucosinolates, terpenes, saponins, tannins, anthraquinones, and polyacetylenes also act as 

allelochemicals, influencing the growth and development of neighbouring plants (Wink, 2003). 

For example, monoterpene limonene has shown deterrent and insecticide properties and carvone 

is used as sprouting inhibitors (Aflatuni, 2003).  

Essential oils are complex and highly variable mixtures of constituents that belong to two 

groups: terpenoids and aromatic compounds. Hydrocarbons are almost always present in 

monoterpenes. Essential oils accumulate in all types of vegetative organs: flowers (bergamot 

tree), leaves (mint, eucalyptus), barks (cinnamon), woods (sandalwood), roots (vetiver), 

rhizomes (ginger), fruits (anise), and seeds (nutmeg). Essential oils are usually associated with 

specialized storage in plants. 

Although essential oils are comprised of many types of compounds, the major ones are 

monoterpenes (Seigler, 1998). The synthesis and accumulation of essential oil structures are 

located near the surface, glandular trichomes, secretory cavities or secretory canals of the 

plants.The impact of environmental factors such as temperature, relative humidity, irradiance, 

photoperiod and cultivation practices influence the composition of essential oils. The influence 

of the method of extraction on oil composition and the labiality of the constituents of essential oil 

explains why the composition of the product obtained by steam distillation is most often different 

from that which is initially present in the secretary organs of the vegetable. In this context the 

Labiatae family is particularly rich of iodiversity and since ancient times it was the object of a 

great variety of uses by humans. Because of their traditional use by Mediterranean communities, 

the most quoted genus in the literature are: Hyssopum, Lavandula, Majorana, Melissa, Mentha, 

Ocimum, Origanum, Rosmarinus, Salvia, Thymus, and, to a minor extent: Acinos, Ajuga, 

Ballota, Calamintha, Clinopodium, Coridothymus, Dorystaechas, Galeopsis, Glechoma, 

Lamium, Leonurus, Lycopus, Marrubium, Melittis, Micromeria, Nepeta, Phlomis, Prunella, 

Satureja, Scutellaria, Sideritis, Stachys, Teucrium, Thymbra, and Ziziphora.  
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Highly variable are also the forms of application or processing to which raw materials are 

subjected in order to permit their use: fresh, dry, pulverized, in water, oil or alcoholic infusion, as 

ointment, burned and eventually smoked, and sniffed as powder. A synthesis the main uses and 

some information obtained from the literature data bases are reported.  

Several mints of Mentha species are industrial crops, a source of essential oils enriched in 

certain monoterpenes that are widely used in food, flavour, cosmetic and pharmaceutical 

industries. Different species of mint are used across the globe for their medicinal and culinary 

properties. Mint is usually taken after a meal for its ability to reduce indigestion and colonic 

spasms by reducing the gastrocholic reflux. Less well recognized is peppermint's potential role in 

the management of numerous medical problems, including colonoscopy. The genus Mentha has 

a large number of species that differ widely in their characteristics and ploidy level. Since they 

are often perennial and produce suckers, Mentha species reproduce both by reproductive and 

vegetative means. In Mentha crops, the purity of cultivars is maintained by vegetative means of 

propagule generation. Mint species are widely distributed and are prone to attack by a variety of 

diseases and pests. Many laboratories worldwide are carrying out research and development 

work on mint species towards improvement in the yield and quality of essential oils, and 

incorporation of disease and pest tolerance and increasing the propagule productivity. 

Peppermint oil is the major constituent of several over the counter remedies for symptoms of 

irritable bowel syndrome (IBS). Results of clinical trials indicated that it could be efficacious for 

relief in IBS (Pittler and Ernst, 1998). In this review, the authors aim to correlate various aspects 

of in vitro regeneration and genetic transformation in Mentha species.  

Mint essential oil compositions  

Mints are cultivated for their essential oils, yielded by distillation of over-ground 

herbaceous foliage. The oil contains a large variety of aromatic chemicals in varying 

composition. The oils and their fractions are in great demand world-wide. 

Uses of mint herbage and essential oils  

Mints are extensively cultivated for their oils and terpenoid components of the oil, such 

as menthol, carvone, linalyl acetate and linalool, for use in pharmaceutical, cosmetic, food, 

flavour, beverage and allied industries (Chaddha and Gupta, 1995). Table 3 gives the various 

applications of important mint species. 

Genetic information in terpene biosynthesis in mints  

The genetics of biosynthesis of chemical constituents of all the important species of 

Mentha has been studied (Hefendehl and Murray, 1972). Utilizing crosses between Mentha 

species, it has been shown that single Mendelian gene(s) control presence or absence of major 
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compounds such as carvone, menthone, menthol and piperitenonepiperitone. Hefendehl and 

Murray (1972) suggested that from the biogenetic viewpoint, M. arvensis and M. piperita 

perform the same conversions: The monogenic basis for the conversion of menthone to menthol 

showed that gene R, either in homozygous (RR) or in heterozygous (Rr) form, was responsible 

for the reduction of menthone to menthol or carvone to carveol The dominant A gene allowed 

the conversion of piperitenone into pulegone. The gene P either in homozygous dominant (PP) or 

in heterozygous condition (Pp) caused the conversion of pulegone into menthone. It may be 

pointed out here that gene P is controlled indirectly by the gene F, responsible for the conversion 

of pulegone into menthofuran. There is so far no evidence of linkage between these genes. In M. 

spicata the dominant gene C was responsible for production of carvone from limonene, while the 

dominant gene Lm prevented the conversion of limonene to piperitenone. There is little 

conversion of carvone into its alcohol carveol since the species does not have the dominant gene 

R that allows this conversion. Hefendehl and Murray (1972) concluded that a genotype having 

dominant Lm and recessive cc resulted in accumulation of limonene whereas the genotype with 

both genes in the recessive form (Im, Im, cc) contained only 3-oxygenated compound and no 2-

oxygenated compound. The complementary genotype, possessing both dominant genes (Lm, Lm, 

CC), produced only the 2-oxygenated compound, carvone. The lavender odour of M. citrata is 

caused by 60 to 70% linalool and linalyl acetate. Chemical and genetic analysis revealed that the 

dominant gene I in M. citrate resulted in production of 60-70% linalool/linalyl acetate but only 

1-1.5% isopinocamphone and 0.5-2.5% -pinene. All individuals of linalool chemotype must have 

one dominant I gene to produce linalool and 4 dominants are possible since this gene is present 

on two different homologous pairs of chromosomes. 

Enzymes involved in monoterpene biosynthesis  

The physiology and carbon metabolism of glandular cells are best studied in mint 

(McCaskil and Croteau, 1999). The pathway originates in the plastids (leucoplasts) of the 

secretary cells of these highly specialized non photosynthetic glandular structures (Turner et al., 

1990). The monoterpene family of natural products therefore is derived from the plastidial, 

mevalonate-independent pathway for isoprenoid metabolism, which provides 

isopentenylbisphosphate (and, by isomerization, dimethylallylbisphosphate) as the universal 

precursor of the terpenoids. Aspects of monoterpene production in callus cultures of mint also 

have been studied in relation to its production in whole plant. A recently discovered pathway and 

the enzymes involved in monoterpene biosynthesis in the mint is summarized in The 

oxygenation pattern of monoterpenoids of mint has been determined by regiospecific 

cytochrome P450-catalysed hydroxylation of the common olefinic precursor, (-) limonene. A 
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PCR product of limonene-0-6-hydroxylase was used as a probe to isolate full length cDNA clone 

which provided the tool for isolating the homologous cDNA from peppermint and related 

Mentha species. The pathway of monoterpene biosynthesis in mint has been well established by 

in vivo and cell-free studies, and all of the enzymes involved have been described Monoterpene 

biosynthesis and accumulation has been specifically localized to the glandular trichomes 

(McCaskill et al., 1992). 

Pests and Pathogens of mints  

The polyphagoussemiloopers also voraciously devour the tender foliage. White flies lay 

eggs on the ventral surface of the mint leaves, and the nymphs suck the sap resulting in arrested 

growth. Mint crops are associated with large numbers of pests and pathogens that cause 

substantial damage to crops and considerable loss of oil yield. Termites attack the underground 

parts and cause serious damage to the root system and main stem of the plants. Cutworms 

damage the young shoots of mint plants after they have sprouted Polyphagous caterpillars often 

cause severe damage to the crop by defoliating it within a few days.  

A number of microbes have been observed to cause diseases in mint crops. The stolon rot 

that occurs in the rainy season is caused by Macrophomiaphascoli and Pythium, In the affected 

plants, leaves wilt and turn yellow and growth is stunted. Rust is caused by Pucciniamenthae; 

orange colour rust postules appear on leaves, which afterwards turn yellow and ultimately get 

shed. The powdery mildew caused by Erysiphecichoracearum results in circular white powdery 

patches on the leaves, which subsequently spread to the stem and other parts of the plant; the 

severely affected leaves drop off. Leaf blight caused by Alternaria species during summer 

months results in the appearance of irregular dark brown spots with concentric zones surrounded 

by a pale yellow margin on the upper surface of the leaves; heavy defoliation occurs 

subsequently. There is a need for genetically engineered important mint cultivars with 

heterologous genes for rendering them pest or disease resistant. The leaf spots caused by 

Corynespora spp. also inflict considerable damage on mint crops sudharsan (2000).Several types 

of control measures, including the use of insecticides and disease-inhibiting chemicals, and 

breeding of pest and pathogen resistant cultivars have been followed in mints but limited success 

has been obtained in controlling both pest and pathogens. 

Conventional pesticides used on mint crops  

Applications of gondal mixtures (gardenia gummifera, asafoetida, aloes, rosin in the ratio 

of 1:2:2:2 diluted in water) and insecticides like chlordane, dieldrin, heptachlor and toxaphene 

have been recommended for controlling termites and must be applied at 3 stages, before sowing, 

at planting, or after planting of suckers. Soil application of aldex or chlorodane before planting 
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or spraying with metasystox, malathion or thiometan gives effective control against cutworms. 

For the early stage attack of caterpillars, 5% diptrex or 2% folidol, and for advanced stage, 

spraying with thiodon or endrin gives effective control. Semilooper infection can be controlled 

by spraying with endosulfan or carbayi mixed in water. Leaves badly infested with white flies 

have to be collected and burnt or the crops sprayed with rosin compounds to destroy the insects. 

Waterlogging promotes infection of pathogens, viz. Macrophomia and Pythium. This can be 

avoided by planting Mentha on ridges. The treatment of planting stock with fungicides 

effectively controls the pathogens. Hot water treatment, by steeping the stolons in water or 

spraying with copper fungicide (0.3% containing 50% metallic copper) or sulfur powder (0.5% 

containing 50% elemental sulfur) in water, controls rust. Powdery mildew disease can be 

controlled by spraying with copper fungicides and lime sulfur. Spraying of copper fungicide also 

helps in checking blight disease caused by Alternaria. 

Results and Discussions: 

The result of present investigation show that the leaf explants from mature plants of 

Mentha arvensis could be induced to produce multiple shoots in vitro maximum number of 

shoots were (2-4 to 4-6) induced on MS medium fortified with various concentrations of BAP, 

NAA and Kn.The present study demonstrates the successful shoot regeneration from the  

in vitro cultured leaf explants of Mentha arvensis and the efficacy of the plant growth 

regulators was assessed by counting the number of shoots per leaf callus as well showed that 3.0 

mg/l NAA and 2.0 mg/l BAP was found best for callus induction and growth.  But in the present 

experiment, a higher level of NAA (3.0 mg/l) and BAP (3.0 mg/l) was found best for callus 

induction. In vitro regeneration trails followed by in vivo plant shoottips acclimatization. The 

results showed a variable shoot forming capacity depending on the combination of growth 

regulators used in the culture medium.   The number of shoots produced increased with the 

concentration of BAP and Kn until 1.5 mg/l or 0.5 mg/ l of the cytokinin and showed high 

frequency of explants exhibiting compact green callus with shoots (4-6), growth and also for shot 

induction. MS medium supplemented with 2.0 or 1.0 mg l-1 of BAP and Kn shoot regeneration 

was obtained within 15-20 days and proliferation was also observed in the same concentration of 

medium Upadhyay et al has also showed that 1.0 mg/l of cytokinin (BAP and Kn) was found 

best for shoot regeneration and shoot proliferation. MS medium supplemented with different 

concentrations of BAP, NAA, IAA and Kn is presented. (Table –I, plate-I, fig -1 leaf explants, 

fig-2 callus, fig -3 plant lets). 
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Table 1: Innovations, Techniques and Modern Biotechnology including Genetic 

Engineering Plant Tissue Culture in Mentha arvensis 

Growth regulators  

(mg/ l) 

Leaf explants showing 

callus response  

No. of leaf   explants 

NAA (1.0) + BAP (2.0) 30 Callus 

NAA (2.0) + BAP (3.5) 25 Callus 

NAA (3.5) + BAP (2.0) 20 Shoots(2-4) 

NAA (4.0) + BAP (3.0) 15 Shoots(4-6) 

IAA (3.0) + BAP (2.0) 10 Shoots+Callus 

2,4,D (3.0) + BAP (2.0) 05 Shoots (1-2) 

Kn (2.0) + BAP (1.0)+IAA 25 Green Callus 

Kn (3.0) + BAP (2.0)+IAA 20 Callus with shoot 

Kn (4.5) + BAP (3.0)+IAA 15 Shoots (2-4)+roots 

Kn (3.0) + BAP (4.0) 10 Shoots (2-3)+roots 

 

 

Fig -1 

 

 

Fig -2 

 

 

Fig -3 

Plate 1: Innovations, Techniques and Modern Biotechnology including Genetic 

Engineering Plant Tissue Culture in Mentha arvensis 

Concussion: 

Several types of control measures, including the use of insecticides and disease-inhibiting 

chemicals, and breeding of pest and pathogen resistant cultivars have been followed in mints but 

limited success has been obtained in controlling both pest and pathogens. There is a need for 

genetically engineered important mint cultivars with heterologous genes for rendering them pest 

or disease resistant. 
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Abstract:  

Stress is one of the common prevailing factors faced by every individual. Work stress, it 

is all involved in all fields but when compared to the employees of other fields the stress faced 

by the IT professionals are comparatively large. The people who are employed in IT sector faces 

a lot of health problems due to work over load. Stress appears to alter the eating behavior of the 

individual, either over eating or under eating. The present study was carried out with 115 

respondents form the IT profession and was focused on knowing their stress level, eating 

behavior, anthropometric status and physical activity status. Perceived stress scale (PSS-10) 

was used to assess the stress level. These results suggested that female respondents were more 

prone to stress than the male respondents. Around 58% of the respondents falls under normal 

weight category and 16% of the respondents do regular physical activities and relation between 

stress level and physical activity was assessed through correlation technique and the results 

obtained were significant i.e., stress level decreases with increase in physical activity. Around 

52% of the respondents preferred eating foods when they are stressed. Nutrition education in the 

workplace is important to prevent increased lifestyle-related diseases among employees. 

Nutrition assistance was provided to all the respondents through e-posters on importance of 

physical activity, stress relieving foods and increasing foods, stress mechanism. In summary, 

proper physical activity and food practices highly helps in relieving and managing stress. 

Key words: Perceived stress scale, eating behavior, nutrition assistance 

Introduction: 

Stress is one of the common prevailing factors faced by every individual. Work stress, it 

is all involved in all fields but when compared to the employees of other fields the stress faced 

by the IT professionals are comparatively large. The IT sector is the fast-developing sector 

among all field in the country (Andrew et al., 2008). Usually, the stress arises in software 

companies because of employee’s nature of work night shifts, achievements, targets and work 

overload (BusharaBano et al., 2012). 
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The people who are employed in IT sector faces a lot of health problems due to work 

over load as a result they face a lot of physical and mental stress. Epel, Jimenez et al. (2004) 

stated that stress related eating may have the potential to significantly contribute to unhealthy 

eating behaviors. 

 If stress-eating takes place often or even daily, these eating behaviors can result in 

unhealthy weight change and changes in physiologic measures such as nocturnal levels of 

insulin, cortisol, and blood levels of total/ HDL cholesterol ratio all of which effect onset of 

chronic disease. 

Stress management training makes people more aware of stressors and their effects. 

Techniques of stress reduction are taught to try to decrease the individual’s personal 

vulnerability to stressors. These techniques included relaxation, meditation and various methods 

with a cognitive focus, which get the person to appraise their environment in a different way. 

 Employee assistance programs generally work through prevention and/ or confrontation. 

Prevention works through the concept of wellness and is basically educational and encouraging. 

They offer health screening and fitness programs, social activities and try to build increased 

personal awareness regarding physical and mental well-being. 

Methodology: 
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Selection of area 

The study was conducted in Coimbatore city. Coimbatore is the second largest software 

producer in Tamil Nadu. The investigator was familiar with the township of Coimbatore. Hence 

Coimbatore was selected as the area of study to conduct the online survey.  

Selection of sample  

The IT and BPM industry contributes to 7.9 percent of India’s GDP and employs around 

41 lakh professionals. Employees working in IT industry are prone to develop a lot of health 

problems due to continuous physical and mental stress of their work. In the present study around 

115 employees were selected who is working in various IT companies located at Coimbatore 

region. 

Selection of tools 

A questionnaire is a research instrument that consists of a set of questions or other types 

of prompts that aims to collect information from a respondent. The questionnaire used in the 

study need to elicit information from the respondents such as stress level, anthropometric status 

and their physical activity status. Among the stress assessment techniques, perceived stress scale 

is the tool employed in the study to gather details from the respondents. 

Perceived stress scale  

Perceived stress is the most commonly used measurement of stress. Perceived stress 

refers to one’s own appraisal that stress exists. The perceived stress scale (PSS) is a 10-item 

instrument that was developed in 1983 to measure perceived stress (Cohen, Kamarck, 

Mermelstein 1983). The PSS is the most commonly used measure of perceived stress in the 

stress-eating literature (Griffin, Friend et al., 1983). The PSS-10 has the most satisfactory 

psychometric properties (Maroufizadeh et al., 2018). It is a validated measure of recent stressful 

experiences and is correlated with other measures of stressful life events. PSS-10 consists of six 

positively worded items and four negatively worded items. Each item in the PSS-10 is rated on a 

4-point Likert scale ranging from never (0 points) to very often (4 points). The last part of the 

questionnaire sought to obtain socio-demographic status, and collect weight and height data to 

calculate the BMI of each participant and some questions were asked regarding physical activity 

and eating behaviour. 

Conduction of the study 

Google form is a free online tool that allows us to collect information easily and 

efficiently. The questionnaire was formed using the google form. The link of the google form 

was posted online through E-mail ID to the selected samples of IT sector in Coimbatore.  
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Provision of nutrition education 

Nutrition programs in the workplace offer a direct opportunity to workers and employers; 

they have the potential to improve worker’s physical and mental health, and thereby improve 

work attendance, productivity and employer reputation.  

Statistical interpretation of data  

 SPSS version 20 statistical tool was used to analyse the data. The tests include, cross-

tabulation, correlation, regression was performed to interpret the results. 

Results and Discussion 

Table 1: Anthropometric status of the selected IT employees 

Sr. 

No. 

Anthropometric 

status 

Reference 

range 

Number of samples (n=115) 

Female (n=68) Males (n=47) 

Numbers Percentage Numbers Percentage 

1 Underweight  <18.5 4 5.8 1 2.1 

2 Normal  18.5-24.9 44 64.7 22 46.8 

3 Overweight  25.0-29.9 17 25 20 42.5 

4 Obesity grade I 30.0-34.9 2 3 31 65.9 

5 Obesity grade II 35.0-39.9 1 2 - - 

6 Obesity grade III ≥40 - - - - 

 

BMI was calculated based on self-reported height (cm) and weight(kg).  BMIs (kg/cm2) 

<18.5, 18.5-24.9, 25-29.9, 30-39.9, ≥40 were defined as underweight, normal weight, 

overweight, obesity grade I, obesity grade II, obesity grade III, respectively. About 5.8%, 64.7%, 

25%, 3% and 2% of the respondents were underweight, normal, overweight, grade I obese, grade 

II obese respectively. 

It is recommended that the respondents should follow the life style modifications and 

proper dietary pattern laid down by ICMR (2010) would help them in keeping their physique in a 

well-balanced manner within the normal range of WHO classification rather result in either 

underweight or obese category. However, the overweight (female-25% and male-42.5%) people 

must follow regular physical activities like walking and any other form of physical activity and 

balanced diets, to avoid being entered into critical grade of obesity. 

Physical activity status of the selected subjects 

It was noted that, 16% of the respondents do regular physical activities, while 84% of the 

respondents do not prefer any physical activities. 
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Table 2: Preference of physical activity 

Sr. No. Type of Physical activity 
Number of subjects (n=18) 

No. % 

1 Walking 11 61.1 

2 Walking, cycling 1 5.5 

3 Walking, jogging 2 11.1 

4 Walking, swimming 3 16.6 

5 Walking, weight lifting 1 5.5 

Total 18 100 

 

It is revealed from the table that nearly 61.1 % of the respondents are aware of the 

importance of brisk walking, which eventually increases the strength of the body by balancing 

body metabolic activities and helps in reduction of obesity which is considered as the most vital 

cause for most of the degenerative diseases and stress linked diseases. Rest of the respondents 

were engaged themselves in other physical activities like weight lifting, jogging, cycling and 

swimming.  

Table 3: Preference of food items during stress 

Sr. No. Preference of packed foods 
Number of subjects (n=60) 

No. % 

1 Beverages 27 45 

2 High sugar foods 6 10 

3 Junk foods 13 22 

4 Processed foods 9 15 

5 Fruits 3 5 

6 Home foods 2 3 

Total 60 100 

 

From this table it is concluded that nearly 5% and 3% of the respondents found to 

consume fruits and home foods respectively, since most of the people devoid of time they 

depend only on convenience foods due to their busy schedule engaged in their employment 

activities. They are advised to spend their little time in selection of nutritious foods which 

requires less span of time to cook would really make them in maintaining their good health and 

mental health. 



Frontiers in Life Science Volume VI 

    (ISBN: 978-93-91768-01-0) 

21 
 

Table 4: Cross- tabulation of gender and stress level 

 

 

 

 

 

 

 

 

Cross- tabulation was performed to compare the variables (stress level and gender) and to 

analyse the results. From the above table it was inferred that, female respondents were more 

prone to stress in comparison with the male respondents.  

Table 5: Correlation between stress level and physical activity 

Correlations 

 Stress level Physical activity 

stress level 

Pearson 

Correlation 
1 -.827** 

Sig. (2-tailed)  .000 

N 115 115 

Physical activity 

Pearson 

Correlation 
-.827** 1 

Sig. (2-tailed) .000  

N 115 115 

** Correlation is significant at the 0.01 level (2-tailed). 

 

Correlation was performed to assess the relationship between stress level and physical 

activity. The Pearson correlation between stress level and physical activity is -0.827. This shows 

that there is negative correlation between stress level and physical activity. Hence, stress level 

decreases with increase in physical activity. 

Conclusion: 

In the present study among 115 respondents, 59% (68) were female and 41% (47) were 

male and their stress level was assessed using perceived stress scale (PSS- 10). 

It was noted that, 16% of the respondents do regular physical activities, while 84% of the 

respondents do not prefer any physical activities. 

It was reported that majority of the respondents i.e., 61% preferred walking, 5% of the 

respondents preferred walking and cycling, 11% of the respondents preferred walking and 

Gender * Stress level Crosstabulation 

Count 

 
Stress level 

Total 
High Low Moderate 

Gender 
Female 8 2 58 68 

Male 4 4 39 47 

Total 12 6 97 115 
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jogging, 16% of the respondents preferred walking and swimming and 5% of the respondents 

preferred walking and weight lifting. 

From the selected subjects 27% of the respondents do physical activity daily, 16% of the 

respondents twice in a week, 27% of the respondents thrice in a week and 27% of the 

respondents weekly once respectively. 

It was noted that 52% of the respondents preferred to eat when they are stressed while 

48% of the respondents do not prefer to eat.  

About 45% of the respondents preferred beverages, 10% of the respondents preferred 

high sugar foods, 22% of the respondents preferred junk foods, 15% of the respondents preferred 

processed foods, 5% of the respondents preferred fruits, while 2% of the respondents preferred 

home foods. 

It was observed that, 62% of the respondents skip the meal when they are stressed while 

38% of the respondents do not skip the meal. 

Nutrition education on stress mechanism, stress relieving foods and stress increasing 

foods, importance of physical activity in reducing stress, were provided to all the selected 

respondents through e-posters via mail.  

In conclusion, IT employees are more prone to stress due to their work load and proper 

health education/ assistance can pave the way for improvement.  

Recommendations: 

Employee assistance programs: 

Nutrition guidance to the employees in the work place can be experimented and lively results 

can be obtained and analyzed. 
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Introduction: 

The autonomic nervous system (ANS) is the portion of nervous system that control 

visceral function of the body such as cardiac function, blood pressure etc. Animal nervous 

system can be divided into two parts:- 

The central nervous system (CNS) consisting of brain and spinal cord. The peripheral 

nervous system (PNS) consists of cranial and spinal nerves and their branches. 

 

 

Division of Autonomic nervous system 

The two division of the autonomic nervous system are the Sympathetic division and the 

parasympathetic division 

The sympathetic system is associated with the fight or fright response and the 

parasympathetic activity is referred by rest or digest. 
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E.g. - The heart receives connections from both the sympathetic and parasympathetic division. 

One cause heart rate to increase and the other cause heart rate to decrease 

Function of sympathetic nervous system 

 Active, even at rest, however it assumes dominant role when the body becomes stressed 

(trauma, fear, exercise, cold etc.) 

 Fight or fright – Protect mechanism designed to help person to cop up with the stress or get 

away from it 

 Danger heart rate increases, BP rises, eyes dilates, blood flow shifts from skin to skeletal 

muscles 

Function of parasympathetic nervous system  

 Rest and digest 

 Saves energy 

 Dilation of blood vessels in skin  

 Decrease heart rate 

 Increase the secretion of digestive enzyme 

Acetylcholine and Norepinephrine are the major neurotransmitters in autonomic nervous system. 

- Sympathetic – most releases norepinephrine - Parasympathetic – release acetylcholine 

Acetylcholine 

- All parasympathetic postganglionic neurons  

- All preganglionic neurons 

- Blood vessels, muscles and sweat glands 

Norepinephrine 

- Most sympathetic postganglionic neurons 

- Epinephrine (adrenaline)  

- Adrenal medulla 

Cholinergic System Synthesis of Acetylcholine 

1) The initial substrates for the synthesis of acetylcholine are glucose and choline. Both enters 

into the neurons through facilitated or active transport 

2) Pyruvate derivative from glucose is transported into mitochondria and converted to Acetyl 

coenzyme A (acetyl-coA). 

3) With the help of enzyme called acetylcholine transferase, acetylcholine is synthesized 

from acetyl-CoA and choline 

4) The acetylcholine is then transported into and stored within the storage vesicles 
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5) Conduction of action potential cause depolarization which results in the release of 

transmitter via exocytosis (entry of calcium). 

6) In the junctional extracellular space (bio phase) acetylcholine interacts with cholino 

receptor 

7) The interaction between transmitters and their receptors are reversible  

8) In the bio phase or junction there is an enzyme called Acetyl cholinesterase which rapidly 

hydrolyse acetylcholine 

9) This hydrolysation of transmitter is required for the control of neurotransmitter. 

 

 

  

 

1) Direct Acting 

- Esters of choline Acetylcholine Carbachol Bethanecol 

- Cholinomimetic alkaloid Pilocarpine Muscarine 

2) Indirect acting (Anticholinesterase) 

- Reversible Neostigmine Physostigmine Pyridostigmine 

- Irreversible 

* Organophosphorus compounds – Echothiophate 

* Organophosphorus compounds – Echothiophate 
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Cholinomimetic choline esters and natural alkaloids 

- Muscarinic cholinergic receptors agonists can be divided into two groups a) synthetic choline 

esters b) Natural occurring alkaloids 

- Methacholine differs from Ach in its greater duration and selective of actions. Its action is 

prolonged because the added methyl group increase its resistance to hydrolysis by 

cholinesterase. 

- Carbachol and Bethanecol which are unsubstituted carbamoyl esters are completely resistant to 

hydrolysis by cholinesterase. 

- The three major natural alkaloid in this group are pilocarpine, Muscarine and arecoline and 

have the same principle site of action 

Pharmacological actions 

1) Gastrointestinal Tract: - All muscarinic agonists can stimulate the smooth muscle of the 

GI and motility because it activates M1 receptor. It increases the peristaltic movement. 

2) Urinary tract: - Agonistic drugs can cause the contraction of detrusor muscles, increase 

voiding pressure because it activates M3 receptor. Due to the contraction capacity of urinary 

bladder decreases. 

3) Respiratory System: - Agonistics drugs acts on M1 receptor and cause contraction in 

smooth muscles hence bronchial smooth muscle gets stimulated by muscarinic agonists’ 

drugs. 

4) Eye: - Muscarinic agonists stimulate the pupillary constrictors and ciliary muscles due to 

M1 receptors when applied in to the eye can cause pupil constriction and one can’t focus 

properly 

5) Cardiovascular System: - It effects the vagal stimulation into the heart. It stimulates M2 

receptors and cause decrease in heart rate sometimes cause hypotension. 

6) Exocrine glands: - All the glands gets activates by natural alkaloids and esters of choline. 

Here M3 receptors gets activates and increases all the secretion of various glands like 

Salivary glands, Sweat glands etc. 

Therapeutic uses 

1) Gastrointestinal disorder: - Muscarine agonist’s drugs are helpful in constipation condition 

as it increases the motility because it increases the peristaltic movement by stimulating M1 

receptors which is present on smooth muscle of GI. 

2) Urinary Bladder Disorder: - It stimulates M1 receptor which in turn increases or enhance 

the contraction of detrusor muscles of urinary bladder. Thus it is helpful for the patients 

having urinary retention. 
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3) Xerostomia: - Some drugs like pilocarpine which is given during xerostomia i.e. dryness of 

mouth. It acts on M3 receptors which in turn increases the secretion of glands. In xerostomia 

it is given because it can produce more saliva and helps to get rid of dryness of mouth. 

4) Ophthalmological: - Some drugs are there like pilocarpine which activates the M1 

receptors and increase the pupillary contraction. This makes more secretion of tears and 

helps in the treatment of various types of glaucoma. It helps in overcoming the mydriasis 

which is produced by atropine. 

5) CVS: - It helps in decreasing blood pressure and also helps in relieving the vascular 

constriction by activating M2 receptor. It helps in the treatment of cardiac arrest or heart 

attack. 

A. Acetylcholine 

Acetylcholine is an ammonium compound which cannot penetrate membranes. Therapeutically it 

don’t have any effect because it rapidly get deactivated by cholinesterase. Acetylcholine has both 

muscarinic and nicotinic activity. 

Actions 

1) Decrease in heart rate and cardiac output: Acetylcholine on the heart stop the effects of 

vagal stimulation. Hence it decreases the cardiac rate and helps to reverse Tachycardia 

2) Decrease in blood pressure: Injection of acetylcholine can causes vasodilation and lowering 

of blood pressure. Acetylcholine activates M3 receptors present in smooth muscles of blood 

vessels which in turn results in the production of NO from arginine. 

Actions in GI, Urinary part and eye: In GI it increases the peristaltic movement due to the 

activation of M1 receptors. It increase the motility and hence it is used during constipation. 

In the urinary tract, it increases the tone/contraction of detrusor muscles causing expulsion of 

urine and is used during urinary retention. 

In the eye, it increase the ciliary muscle contraction and cause mitosis (Pupillary contraction). 

B) Bethanecol 

Actions: Bethanecol stimulates the muscarinic receptors which cause increased intestinal 

motility and tone by stimulating M1 receptor. It also stimulates the detrusor muscles of the 

bladder which cause expulsion of urine. 

Therapeutic applications: Bethanecol is used to stimulate the atonic bladder which helps in no 

obstructive urinary retention. 

Adverse effects: 

Adverse effects includes sweating, salivation, decreased blood pressure, nausea, abdominal pain, 

diarrhoea, and bronchospasm. 
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c) Pilocarpine 

Actions: 

When applied to the eye pilocarpine produces a rapid meiosis and contraction of the 

ciliary muscle. Pilocarpine stimulates M3 receptor and cause more secretions such as sweat, 

tears, and saliva but this drug has some selectivity issues. 

Therapeutic use: 

Pilocarpine is used mostly during glaucoma. It decrease the intra-ocular pressure of both 

narrow and open angle glaucoma. 

Adverse effects: 

Pilocarpine can cause CNS disturbances as it can enter the brain. It cause more sweating 

and salivation. 

Indirect-Acting Cholinergic Agonists: 

Indirect acting cholinergic (Reversible) acts by inhibiting Acetylcholinesterase enzyme. 

It’s an enzyme which hydrolyse acetylcholine into acetate and choline. Inhibiting this enzyme 

can increase the amount of acetylcholine which is produced in synapse 

Physostigmine 

Actions: 

Physostigmine has multiple actions. It acts in both muscarinic and nicotinic sites. It has 

intermediate kind of action which lasts for 2-6 hours. This drug can enter CNS and stimulate the 

cholinergic site. 

Therapeutic uses: 

Urinary tract: - The drug increases intestinal and bladder motility, which helps in more 

urination 

Eye: - When applied in the eye, it produces meiosis (Pupillary contraction) which leads to more 

secretion of tears and helps in treatment of glaucoma but pilocarpine is more effective. It is also 

helpful during Atropine 

Adverse effects: 

The effects of physostigmine on the CNS may lead to convulsions when high doses are 

used. Bradycardia, fall in cardiac output, paralysis of skeletal muscle. However, these effects 

are rarely seen with therapeutic doses. 

Indirect-Acting Cholinergic Agonists (Irreversible): 

Anticholinesterases (Irreversible) basically the organophosphorus compounds bind 

covalently to acetylcholinesterase and cause irreversible action. This results in long-lasting 

increase in acetylcholine at all sites where it is released. 
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Mechanism: - Echothiophate binds covalently with receptors by removing the hydrogen group 

of active acetylcholinesterase and makes it inactive 

Actions: Echothiophate produces intense meiosis and, thus, has found therapeutic use. 

Therapeutic uses: 

 An ophthalmic solution is used for the patients having glaucoma mostly open angle 

glaucoma. However it’s not the  first line treatment for glaucoma 

Adverse effect: 

Long term use can cause Cataract 

Cholinergic Antagonist 

1) Anti-muscarinic agents –Atropine, Scopolamine, Ipratropium 

2) Ganglionic Blockers- Mecyclamine, Nicotine 

3) Neuromuscular Blockers 

          Atracurium, Tubarcurarine 

Anti-muscarinic Agents 

These are commonly known as Antimuscarinic, these agents (for example, atropine and 

scopolamine) which block the muscarinic receptors and mimic all the action produced by 

cholinergic agonistics drugs. 

A. Atropine 

Atropine is a tertiary amine alkaloid, which has more affinity to muscarinic receptors. It 

competes with acetylcholine and binds with the receptors and does not allow acetylcholine to 

bind with the receptors. It can act both centrally and peripherally. The duration of action can be 

there for 4 hours to one day (sometimes) 

Actions: 

a) Eye: Atropine blocks all cholinergic activity on the eye by blocking M1 receptors, which can 

cause mydriasis, no response to light and can’t focus near vision (cycloplegic). 

b) Gastrointestinal (GI): Atropine block M1 receptor present in GI and reduce the peristaltic 

movement and motility which in turn reduce activity of the GI tract. This drug only reduce 

the GI motility but it don’t have any effect on HCl. 

c) Urinary system: It reduces the contraction of detrusor muscles as it blocks the M1 receptor 

present in Urinary tract. It reduces the hyper motility of urinary bladder 

d) Cardiovascular: Atropine in heart dual effect. At low dose it cause decreased cardiac rate 

because of M1 receptor at pre junction is blocked. At high dose SA node gets blocked which 

results in increased heart rate. 
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E) Secretions: Atropine blocks all the secretion. It blocks the M3 receptors which in turn block 

all the secretion of body, like Saliva, sweat and cause xerostomia (dryness of mouth). 

Therapeutic uses: 

a) Ophthalmic: In the eye, topical atropine cause both mydriasis and cycloplegic effects. It is 

also used during the pain on eye due to spams or contraction of ciliary muscles. 

b) Antispasmodic: Atropine is used as an antispasmodic agent to relax the GI tract and bladder. 

It is helpful curing diarrhoea as it blocks M1 receptors and reduce the motility and peristaltic 

movement. 

c) Antidote for cholinergic agonists: Atropine is used for the treatment of overdoses of 

cholinesterase inhibitor. 

d) Antisecretory: It acts as Antisecretory agent which block secretions in the upper and lower 

respiratory tract before surgery. 

Adverse effects: 

It is dose dependent, atropine may cause dry mouth, blurred vision tachycardia, and 

constipation. Effects on the CNS include restlessness, confusion, hallucinations, and 

delirium, which may progress to depression. 

B. Scopolamine 

Scopolamine belladonna alkaloid. It also produces CNS ad peripheral effect. 

Scopolamine has greater action on the CNS and has longer duration than atropine. 

Actions: Scopolamine is one of the most effective antimotion sickness drugs available. 

Scopolamine also has the unusual effect of blocking short-term memory. Scopolamine can 

produce sedation at therapeutic dose and at higher doses it produces excitement. 

Therapeutic uses: Although similar to atropine, therapeutic use of scopolamine is limited to 

prevention of motion sickness (for which it is particularly effective) and to blocking short-term 

memory 

Adverse effect: Adverse effect is as same as Atropine 

C) Ipratropium 

Inhaled ipratropium is a derivative of atropine, is useful in treating asthma in patients 

who are contradicted to adrenergic drug. Ipratropium is also used in the management of chronic 

obstructive pulmonary disease. 

D) Tropicamide 

These agents are used as ophthalmic solutions for similar conditions as atropine 

(mydriasis and cyclopegia). Their duration of action is shorter than that of atropine Tropicamide 

produces mydriasis for 6 hours. 
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Ganglionic Blockers 

Ganglionic blockers specifically act on the nicotinic receptors of both parasympathetic 

and sympathetic autonomic ganglia. Some also block the ion channels. 

A. Nicotine 

Nicotine is a major constitute of cigarette. It blocks the cholinergic responses mediated 

by nicotinic acetylcholine receptors (nAchRs). 

It also blocks ganglionic stimulation which results in blocking of persistent 

depolarization and cause relaxation. 

B) Mecyclamine 

Mecyclamine produces a competitive nicotinic blockade of the ganglia. The duration of 

action is about 10 hours after a single administration. The uptake of the drug via oral absorption 

is good, in contrast to that of trimethaphan. As with trimethaphan, it is primarily used to lower 

blood pressure in emergency situations. 

Neuromuscular Blocking Drugs 

These drugs block cholinergic transmission between the junction of nerve and muscles. 

These neuromuscular blockers have similar structure like acetylcholine and they act both 

agonistic and antagonistic. 

A. Nondepolarizing (competitive) blockers 

Curare was the first drug that was found which has the ability to block the neuromuscular 

junction. But Tubarcurarine is considered to be the prototype agent in this class. 

Mechanism of action: 

At low doses: At low dose these agents interact with the receptors and binds with receptor and 

prevent acetylcholine to bind with receptor. It competes with the acetylcholine so it is also called 

as competitive blockers. These agents prevents the depolarization and hence caused in the 

prevention of muscle contraction. 

At high doses: Non depolarizing blockers have same effect like at low dose but along with that 

it block the ion channels of the end plate. This leads to further weakening in the transmission to 

neuromuscular junction. 

Actions: 

All the muscles do not block in the same way. First the muscles of the face will be 

blocked then neck limbs are paralyzed, finger and finally diaphragm will be paralyzed. 

Therapeutic uses: 

These are used along with anaesthesia during surgery to relax skeletal muscle. These 

agents are also used in orthopaedic surgery. 
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Adverse effects: In general, agents are safe with minimal side effects 

Depolarizing agents 

Mechanism of action: 

Succinylcholine is a drug which is similar to acetylcholine and binds with the receptors 

and mimic the function of acetylcholine. Like acetylcholine it do not get hydrolysed by 

acetylcholinesterase. It works in 2 phases 

In first phase it cause opening of sodium channel which results in depolarization of the 

receptor. 

In second phase, continuous binding leads to incapable of more transmission and along 

with time this depolarization leads to the closing of sodium channel. The receptor becomes 

resistant to depolarization. 

Actions 

Succinylcholine first produces short-lasting muscle fasciculation and then it cause 

paralysis. At high dose it may cause respiratory depression. 

Therapeutic uses: 

As it has rapid onset and short duration of action, succinylcholine is useful when rapid 

endotracheal intubation is required during the induction of anaesthesia so that GI content won’t 

come out because of GI Contraction. 
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Abstract:  

The pandemic through corona virus (COVID-19) made the lockdown protocol all over 

the world, which affected most of the sectors of human life including the economic growth and 

development. The sectors of the economy are the recipients of the hard hit through COVID-19 

and sericultural sector is not an exception for this influence. The present attempt deals with 

assessment of the economic influence of COVID-19 on usefulness (profitability)in sericultural 

practices in Pune District of India. The preliminary data on cultivation of mulberry and rearing of 

larval instars of silkworm, Bombyx mori (L) were elicited from the sample farmers selected 

randomly from selectedtaluka places of Pune districts of Maharashtra state. The schedule of 

semi-structure was followed for the collection of the primary data (number of farmers and area 

of mulberry cultivation) through the discussion through the google meet. The secondary data on 

quantitative status (yield of the silk cocoon and prices) was collected through silk board (central 

and state) for the year: 2018; 2019; 2020 and 2021. Statistical analysis of the data revealed that, 

the cost on mulberry cultivation and rearing of silkworm larvae for commercial silk has remained 

same for the year: 2018; 2019; 2020 and 2021 (during pre-COVID-19 and COVID-19 periods). 

The drastic variations in gross returns (in the form of income) accrued was exhibited during the 

respective periods. This was due to drastic changes, such as closing the significant cocoon 

markets (of higher prices, like Ramanagara cocoon market of Karnataka state), decreased 

price)for the silk cocoon and inconvenience in travelling to reach market. The lockdown made to 

stop the reeling the silk from cocoon by the commercial reeling units. This was resulted into 

incurring double loss. Sericulture farmers have not recovered the cost of production of Rs. 

19377.60 and forgone Rs. 12621.99 per crop of hundred disease free laying (DFLs).  

Keywords: COVID-19, Silk Cocoons, Moriculture, Sericulture. 
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Introduction:  

The pandemic of COVID-19 is viral disease caused by corona virus. The corona virus is 

scientifically recognized as, “Severe-Acute-Respiratory-Syndrome-2” (SARS-CoV-2). This viral 

pathogen was identified firstly through the outbreak in Wuhan city of the country China, in the 

month of December of the year: 2019. All the attempts to control COVID-19 there are reported 

as failed. This situation was allowed the corona virus to spread worldwide with significant speed. 

On the day 30 January, in the year: 2020 the “World Health Organization” (WHO) used to 

declare a “the Public Health Emergency of International Concern”. On the day 11 March, in the 

year: 2020 the “World Health Organization” (WHO) used further to declare a “the COVID – 

Pandemic”. As per the record of 7 April, 2022, the pandemic of COVID – 19had caused more 

than four hundred ninety-five million persons affected by the disease of COVID – 19 and about 

six million deaths through the disease of COVID – 19. Isn’t it a deadliest in history? The 

symptoms of corona disease (COVID -19) appeared to range from undetectable to deadly. The 

fever, cough of dry nature and fatigue are common symptoms of disease of COVID – 19. There 

was severe illness more likely in elderly patients of COVID – 19. The pathogens of disease 

COVID – 19 deserve capacity of fast transmission through the breathing of the patients.When 

the people are in close proximity, the risk of breathingsin close proximities of theair 

contaminated with “COVID – 19” was themost significant. The contaminated fluid reaching 

close to the eyes, nose and mouth of healthy person was also responsible for the transmission of 

“COVID – 19” disease. Infected persons are typically contagious for 10 days, and can spread the 

virus even if they do not develop symptoms. Mutations have produced many strains (variants) 

with varying degrees of infectivity and virulence (Zoumpourlis, et al., 2020). 

Since December, 2020, the vaccines against “COVID – 19” disease have been approved. 

The vaccines against “COVID – 19” disease have been widely distributed all over the world. The 

preventive measures for the “COVID – 19” disease include: masking over mouth and nose; 

social distancing; improved ventilation; filtration of the air; etc. The quarantining the 

symptomatic persons serve to control the transmission of “COVID – 19” disease. Use of 

monoclonal antibodies and novel antiviral medicines serve to treat the patients of “COVID – 19” 

disease. 

According to the Office of the Commissioner (23 November 2020), the treatment for the 

COVID-19 disease include: use of “Monoclonal Antibody”, Antiviral drugs of novel quality and 

the efforts towards controlling the symptoms of this disease. Interventions through the 

government include: restrictions on travelling, lockdown protocol, restrictions on the business, 

controlling the hazards at work places and to trace the contact with infected persons. 

https://en.wikipedia.org/wiki/Variants_of_SARS-CoV-2
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The pandemic of the COVID – 19 exerted the triggered and severe disruption for the 

social and economic sectors all over the world. Thelargest global-recession, disruption in chain 

of supply, panic buying, shortage of widespread supply (example: food supply) were the 

significant influences caused through the pandemic of COVID – 19- disease. The agriculture-

based practices like sericulture are also influenced by the pandemic of COVID – 19 – disease. 

The sericulture is integrated well with the system of farming. It has the capabilities of 

continuous (throughout the year) earning or generating significant income for the farmers. 

According to Hanumappa and Erappa (1985), the sericulture requires minimum capital 

investment. Sericulture provides the employment for a complete year (continuous twelve 

months). China is the first country for the highest production of raw silk. India stands second in 

raw silk production. Rearing of silkworm larvae through the use of leaves of mulberry in India is 

for about agriculture land of about 1, 91,893 ha. For the year: 2006 – 2007, the Indian mulberry 

silk production was reported 16525 MT. There was export of silk goods for the year: 2006 – 

2007 and earned US$ 737.76 in year 2006-07 (Anonymous, 2007). The advent of new bivoltine 

double hybrid (double cross breed) race (variety) of silkworm and innovative technology of 

moricultural practices and rearing methods made the sericulture productivity changing at fast rate 

with an upward trend. Changes in the nature of commercial views, influence of global warming, 

pandemics of diseases like COVID – 19 are influencing the cost of production, quantity of 

production and quality of production are the major factors to be considered for all the sectors of 

occupations. Inthis regard, it is imperative to understand the economics of sericulture. Awareness 

and motivation among the sericulture farmers is highly essential. Such type of catalysis is going 

to motivate the new farmers to take up sericulture and increase their income. Some of the earlier 

studies tried their best to find out the economic prospects in sericulture (Anonymous, 1989, 

Ravindran et al., 1993, Lakshmanan et al., 1996). Thepresent attempt was aimed to carry out the 

analysis of sericultural economics with reference to the influence of pandemic COVID -19 – 

disease.  

Material and Methods: 

The study was completed through the steps like, selection of region, collection of the data 

and statistical analysis of collected data. The agricultural land under the cultivation of mulberry 

and number of farmers busy in the rearing of silkworm larvae for commercial silk, both are 

significant in Pune districts of Maharashtra state at Indian national level, which made to select 

purposely for the present attempt. Pune districts of Maharashtra state stands first both in 

mulberry acreage and production of mulberry silk cocoon in the country (Anonymous, 2019). 

For the purpose to assess the influence of COVID-19 induced lockdown on usefulness (in the 
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form of profit) of sericultural enterprise, the essential primary data with reference to: resources 

used in the cultivation, production of silk cocoon through the rearing the silkworm larval instars, 

number of crops (harvesting the leaves of mulberry, Morus alba L. and number of cycles of the 

rearing the silkworm larval instars) taken per year, number of DFLs (Disease Free Layings) used 

for each crop and yield (in the form of quantity of silk cocoons)were obtained from farmers 

(group of selected farmers. The sample size: 100 farmers) through focus tele discussion through 

the google meet through the Krishi Vidnyan Kendra, Baramati, office of Central Silk Board and 

Maharashtra State Silk Board (at Malegaon Tal. Baramati Dist. Pune – 413115). The basic tools 

of statistics (Zulfiqar Ali and Bala Bhaskar, 2016; Manjunathaet al., 2018) and the technique for 

budgeting the enterprise were employed to assess the profitability of sericulture enterprise 

(Chinnappaet al, 2020). The primary data collected were relevant (or pertinent) to the crops of 

mulberry, Morus alba (L.) and production of silk cocoon through rearing of larval instars of 

silkworm, Bombyx mori (L.) for the year: 2018; 2019; 2020 and 2021 (during pre-COVID-19 

and COVID-19 periods). In order to measure (or to gauge) the influence of pre-COVID-19 and 

COVID-19 periods, data on cost of production (in the form of money) and the returns (in the 

form of money) during the same months of the agricultural year: 2018; 2019; 2020 and 2021was 

elicited from the same sample of selected farmers of Pune districts of Maharashtra state. Further, 

the secondary data on adventsof silk cocoons and prices of the silk cocoons of bivoltine (pure 

race) and double hybrid (race of crossbreed) in Maharashtra state and the market at 

Ramanagaram of Karnataka state was collected  through the Krishi Vidnyan Kendra, Baramati, 

office of Central Silk Board and Maharashtra State Silk Board (at Malegaon Tal. Baramati Dist. 

Pune – 413115) Central Silk (Silk Bulletin, 2020). For the purpose to obtain consistency in the 

results, attempt on collection of the data was in triplicate set (three sets of samples for present 

attempt include: Baramati Taluka, Daund Taluka and Indapur Taluka). 

Results and Discussion:  

The results on the attempt to analyse the influence of pandemic of COVID – 19 on 

sericultural enterprise are summarised in tables (Table- 1, 2 and 3) and presented in fig. 1. The 

variable cost and fixed costs for the mulberry cultivation are the two different types of 

expenditure considered in present attempt. The variable cost (expenditure in Rs) against human 

labour, bullock labour, use of farm yard manure (FYM), use of fertilizers and the use of plant 

protection chemicals in present attempt of analysis was found recorded Rs. 15850; Rs. 5700; Rs. 

24000; Rs. 12000 and Rs. 1600 respectively (Table-1 A). The total variable cost (TVC) for the 

mulberry cultivation in the region selected in the attempt was Rs. 69150 (Table-1 A).The heads 

of expenditure with reference to fixed cost for the production of leaves of mulberry, Morus alba 
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(L) considered in present attempt include: Depreciation (Rs); Interest on Fixed Capital (Rs); 

Rental Value of land (Rs); Total Fixed Cost (TFC) (Rs); Total Cost (TC) (Rs); Total Yield of 

Mulberry Leaves (Kg) and Cost Per Kg of Mulberry leaves (Rs) and found recorded: Rs. 8089; 

Rs. 12220; Rs. 16800; Rs. 37109; Rs. 93309; 24656 Kg and Rs. 3.75 respectively (Table-1 B). In 

the irrigated region (Baramati Taluka and Indapur Taluka), the cost of production (both, variable 

and fixed) of leaves of mulberry was lower in comparison with rainfed region (Daund Taluka), 

sample selected for the study in present attempt.The unit cost of production (both, variable and 

fixed) of leaves of mulberry was lower under the irrigated condition as compared to the rainfed 

condition.  However, the gross returns, net returns were more under irrigated condition over 

rainfed condition with higher being among big farmers over medium and small farmers. In 

cocoon production, the total cost of cocoon production was lower with rainfed farmers as 

compared to irrigated farmers with lesser among small farmers category over medium and big 

farmers category. The unit cost of cocoon production was lower under irrigated farmers over 

rainfed farmers with least being among medium farmers over big and small.The heads of 

expenditures for labours for the rearing the larval instars of silkworm, Bombyx mori (L) 

considered in the present attempt include: expenditure for rearing the third instars; expenditure 

for rearing the fourth instars; expenditure for rearing the fifth instars; Transfer of mature fifth 

instar on mountage (chandrake) (OR Spreading the Mountage on mature fifth instar; Harvesting 

the silk cocoon and grading; Cleaning the bed; Disinfection of the Rearing House; Total Cost of 

Production for Labour and recorded Rs. 540; Rs. 1080; Rs. 2700; Rs. 360; Rs. 720; Rs. 270; Rs. 

270; Rs. 5940 respectively Table- 2 A).The heads of expenditures for the rearing the larval 

instars of silkworm, Bombyx mori (L) considered in the present attempt include: Larvae after the 

Second moult (Chawki worms) (DFL); Bleaching powder (Kg); Detol (Lit); Astra (gm); Vijetha 

(Kg); Leaves of mulberry (Kg); Lime (Kg) and total expenditure and recorded Rs 2300; Rs. 225; 

Rs. 600; Rs. 600; Rs. 600; Rs. 2486; Rs. 75 and Rs. 6886 respectively (Table-2B). 

Total cost of production in sericulture enterprise for the pre-pandemic period (Year: 

2018); pandemic period (Year: 2019 and 2020) and post pandemic period (Year: 2021 and 2022) 

for Pune district was found reported Rs. 29066. The cost of production was found remained 

constant for all the three periods (pre-pandemic; pandemic and post-pandemic) of the study. The 

yield of silk cocoon (Kg) for the pre-pandemic period (Year: 2018); pandemic period (Year: 

2019 and 2020) and post pandemic period (Year: 2021 and 2022) for Pune district was found 

reported 120 Kg. The yield of silk cocoon (Kg) was found remained constant for all the three 

periods (pre-pandemic; pandemic and post-pandemic)of the study. The price of silk cocoons per 

Kg was found fixed in Maharashtra (Rs. 400 per Kg silk cocoon). The price of silk cocoons per 
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Kg was found fixed in Karnataka state was variable. It depends on the quality of the silk cocoon. 

The price of silk cocoon in Karnataka state isranging from Rs. 200 to Rs 1600 (per Kg silk 

cocoon). The well esteemed Ramanagarasilk cocoon market is one of the significant markets for 

silk cocoon in Asia. Location of this Ramanagara silk cocoon market is 40 km away from 

Bangalore. The Ramanagara silk cocoon market is towards Mysore.The record of the silk 

cocoons sold each day in this market is about 40,000 Kg to 50,000 kg (on an average). This is the 

silk market of authority of Karnataka government. This market use to welcome the silk city to 

Ramanagaram, between Sholay Hill and another Sri SriRavanaSiddheshwara Betta between the 

two hills, on the banks of the Arkavati river. It deserves the historical background, which appears 

to be the due to the traditional silk industries established during the political period of Emperor 

TipuSultan of Mysore.The Farm of Coconuthas been established here in about 2.00 acresof land. 

The significant feature of this farm of coconut lies in nurturing the farmers of silk production and 

the reelers of the silk. This market availed the silk work for many more families. Therefore, the 

Ramanagar silk market gained the accreditation of the most significant commercial centre in 

Asia (Anonymous, 2020).The average price of selling the silk cocoons by the farmers during the 

pre-COVID-19 period was Rs.400.00 per Kg. The pandemic of COVID – 19 made to lower this 

price to Rs. 200 per Kg of silk cocoons. while that of COVID-19 period was Rs.200.00. This was 

evident with attempt of studies byNiyati and Vijayamba (2020). The gross return accrued to 

farmers during the pandemic of “COVID-19- induced lockdown period” was the most 

insignificant. This situation made not even covered the total cost incurred by silk farmers and 

leading to face a double loss.Constraints faced by Indian farmers of sericultureduring “COVID-

19 lockdown period” include: (1) Crashes in price of silk cocoon due to negative psychology 

(unwillingness) of the reelers to purchase the silk cocoons; (2) Locks to the silk cocoon markets 

(The closure of silk cocoon market; (3) Closure of the rearing of silkworm larvae by the farmers. 

This was due to non-availability of chawki worms (2nd instar) at the government farms. Due to 

non-availability of the human resource (labour), the government farms of chawki rearing were 

closed the work during lockdown period of pandemic of COVID - 19; (4) Inconvenience in the 

transport of silk cocoon from the rearing farm to the market; (5) Lockdown period during 

pandemic of COVID – 19 resulted into non-availability of critical inputs for moricultureand 

appliances essential for silkworm. rearing appliances as majority of shops were closed during 

lockdown (Kumaresanet al, 2020 & Anonymous, 2020).  

 

 

 



Bhumi Publishing, India 

40 
 

Table 1 (A): Variable Cost of Production of Mulberry leaves through the Maintenance of 

Garden of Mulberry, Morus alba (L). 

Sr. 

No. 

Particulars of variable cost 

(expenditure) 
Quantity Rate (Rs) 

Total Variable 

Expenditure (Rs) 

1 Human Resource as Labours 54 300 16200 

2 Resources of Bullock as  Labours 06 950 5700 

3 
Input – Farm Yard Manure (FYM) 

(Quintal) 
06 4000 24000 

4 Input– Fertilizers (Quintal) 06 2000 12000 

5 
Input- Plant Protection Chemicals 

(Lit.) 
28.125 400 11250 

6 Total Variable Cost (Rs) - - 69150 

 

Table 1 (B): Fixed Cost of Production of Mulberry leaves through the Maintenance of 

Garden of Mulberry, Morus alba (L). 

Sr. No. Particular of Fixed Cost Total Expenditure (Fixed Cost) 

(Rs) 

1 Depreciation (Rs) -08089 

2 Interest on Fixed Capital (Rs) 12220 

3 Rental Value of Land (Rs) 16800 

4 Total Fixed Cost (Rs) 37109 

5 Total Cost (TC) (Rs) 93309 

6 Yield of Leaves of Mulberry (Kg) 24856 

7 Cost of Production of Leaves of Mulberry per Kg 03.75 
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Table 2 (A): The Expenditures for Labours for the Rearing the Larval Instars of Silkworm, 

Bombyx mori (L) 

Sr. 

No. 
Expenditure Particulars Quantity Rate (Rs) 

Total Expenditure 

(Rs) 

1 
Labour Expenditure for Rearing the Third 

Instar Larvae 
2 300 0600 

2 
Labour Expenditure for Rearing the Fourth 

Instar Larvae 
3.6 300 1080 

3 
Labour Expenditure for Rearing the Fifth 

Instar Larvae 
9 300 2700 

4 
Transfer of the mountage (Chandrika) on 

mature larvae for spinning 
2.4 150 360 

5 Harvesting the Cocoons and their grading 4.8 150 720 

6 Disinfection of Rearing House 0.9 300 270 

7 Bed cleaning 0.9 300 270 

8 
Total Expenditure for labour for rearing 

silkworm larvae 
- - 5940 

 

Table 2 (B): The Expenditures towards the Inputs for the Rearing the Larval Instars of 

Silkworm, Bombyx mori (L) 

Sr. 

No. 
Inputs Particulars Quantity Rate (Rs) 

Total Expenditure 

(Rs) 

1 
Larvae after the second moult (Chawki 

worms) 
100 34.5 3450 

2 Bleaching Powder (Kg) 7.5 30 0225 

3 Lime (Kg) 7.5 10 0075 

4 Decol (Lit) 3 200 0600 

5 Astra (gm) 150 200 0600 

6 Vijetha (Kg) 6 100 0600 

7 Mulberry leaves (Kg) 2486 3.75 9322.50 

8 Total Variable Cost (Rs) - - 20812.50 

9 Depreciation (Rs) - - 1497 

10 Interest on Fixed Capital (Rs) - - 6757 

11 Total Fixed Cost (Rs) - - 8254 

12 Total Cost (Rs) - - 29066.50 
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Table 3: Influence of Pandemic of COVID – 19 on Profitability (Advantageousness) of 

Production of silk cocoons 

Sr.  

No. 
Particulars 

Year: 

2018 (Pre-

COVID-

19) 

Year: 

2019 

(COVID-

19) 

Year: 

2020 

(COVID-

19) 

 

Year: 

2021 

(Post-

COVID-

19) 

Year: 

2022 

(Post-

COVID-

19) 

1 
Total Cost of Production 

(Rs) 

29066.50 

(±476.87) 

29066.50 

(±715.31) 

29066.50 

(±597.08) 

29066.50 

(±538.48) 

29066.50 

(±521.69) 

2 Yield of Silk cocoon (Kg) 
120 

(±1.968) 

120 

(±6.891) 

120 

(±8.429) 

120 

(±19.786) 

120 

(±21.173) 

3 
Price (Rs) (per Kg Silk 

Cocoon) 
400 200 200** 300* 400 

4 Gross Return (Rs) 
48000 

(±779.49) 

24000 

(±391.74) 

24000** 

(±489.68) 

36000* 

(±447.71) 

48000 

(±721.84) 

5 Net Return (Rs) 18933.50 -5066.50 -5066.50** -3799.50* 18933.50 

6 Cost per Kg 242.22 242.22 242.22 242.22 242.22 

7 
Gross Return per Kg Profit 

per Kg 
400 200 200 300 400 

8 Profit per Kg 157.78 -42.22 -42.22** 118.33* 157.78 

**: P≤0.01; *: P≤0.05 
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Conclusion:  

The attempt of studies on the analysis of the influence of pandemic of the COVID – 19 

on sericulture enterprise coincided with two crops each of hundred DFLs (Disease Free Laying) 

concluding leading to double loss. The silk farmers, in addition to economic loss have 

encountered personal inconveniences at the time of marketing of silk cocoon the local market as 

well as to Ramanagara market. This inconvenience was due tolack of transport and frightened 

psychology towards the possibility of getting infected with corona virus. The farmers busy in 

mulberry cultivation and rearing the silkworms during the pandemic of the COVID – 19 in Pune 

district (Baramati taluka, Indapur taluka and Daund taluka) faced the strategy of greater 

expenditure and insignificant returns. Looking into the magnitude of loss, in future, the 

government (or the associations of silk farmers) (or both)should plan on the reasonable relief/ 

compensation to sericulture growers to retain their interest in sericulture enterprise. Besides, the 

government (or the associations of silk farmers) (or both) should plan for covering such 

unforeseen (unexpected) situations having negative (or non-significant) repercussions on- silk 

farming community under the coverage of insurance. 
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What does PTM mean? 

Changes in internal and external environment must be detected and responded to by cells. 

Chemically altering proteins is one approach for adapting to these changes. Reversible post-

translational modifications (PTMs) of proteins transfer conditional chemical changes from 

sensors to effectors. PTMs play a critical role in many cellular processes such as cellular 

development, protein degradation, signalling and regulatory processes, gene expression control, 

and protein-protein interactions, as well as contributing to biological processes and pathological 

situations. 

Introduction: 

Post-transcriptional modification, also known as co-transcriptional modification, is a set 

of biological processes that occur in most eukaryotic cells and involve chemically altering an 

RNA primary transcript after it has been transcribed from a gene to produce a mature, functional 

RNA molecule that can then leave the nucleus and perform a variety of functions in the cell. 

There are many types of post-transcriptional modifications achieved through a diverse class of 

molecular mechanisms. The conversion of precursor messenger RNA transcripts into mature 

messenger RNA, which can then be translated into protein, is one example. The addition of a 5' 

cap, the addition of a 3' polyadenylated tail, and RNA splicing are three important stages that 

drastically alter the chemical structure of the RNA molecule. Because the initial precursor 

mRNA produced by transcription often contains both exons (coding sequences) and introns 

(non-coding sequences), splicing removes the introns and directly links the exons, while the cap 

and tail facilitate the transport of the mRNA to a ribosome and protect it from molecular 

degradation. 

Following protein production, post-translational modification (PTM) refers to the 

covalent and generally enzymatic modification of proteins. Ribosomes convert mRNA into 

polypeptide chains, which may later proceed through PTM to generate the mature protein 

product. When prohormones are transformed to hormones, PTMs are crucial components in cell 

mailto:skcsauk@gmail.com
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signalling. Post-translational modifications (PTMs) involve the addition of a chemical group 

following protein translation (Walsh et al., 2005), regulating, stability and function.PTMs are 

essential for a variety of cellular processes and provide another level of protein regulation, which 

is usually reversible. There are a large number of PTMs that take place in the cell such as 

phosphorylation (Burnett and Kennedy, 1954), methylation (Grewal and Rice, 2004), acetylation 

(Glozak et al., 2005) and glycosylation (Spiro, 2002); regulating various biological activities 

such as transcriptional regulation (Waby et al., 2008) and protein degradation (Orford et al., 

1997.Post-translational modifications can occur on the side chains of amino acids or at the C- or 

N-termini of proteins. They can alter an existing functional group or introduce a new one, such 

as phosphate, to expand the chemical repertory of the 20 conventional amino acids. 

Phosphorylation is the most prevalent post-translational modification and is a typical technique 

for modulating enzyme activity. Many eukaryotic and prokaryotic proteins have carbohydrate 

molecules linked to them, a process known as glycosylation, which can help increase protein 

folding and stability while also having regulatory functions. Lipidation is the process of 

attaching lipid molecules to a protein or part of a protein that is linked to the cell 

membrane.Cleaving peptide bonds, as in converting a propeptide to a mature form or deleting 

the initiator methionine residue, are two further types of post-translational modification. 

Disulfide bond production from cysteine residues is referred to be a post-translational 

modification, for example, once disulfide links are created, the peptide hormone insulin is cut 

twice and a propeptide is removed from the middle of the chain; the resulting protein is made up 

of two polypeptide chains joined by disulfide bonds. 

Oxidative stress causes some types of post-translational modifications. Carbonylation is 

one example of a modification that causes the changed protein to be targeted for breakdown, 

which can lead to the creation of protein aggregates. Specific amino acid modifications can be 

used as biomarkers indicating oxidative damage. Sites with a functional group that can act as a 

nucleophile in the reaction, such as the hydroxyl groups of serine, threonine, and tyrosine; the 

amine forms of lysine, arginine, and histidine; the thiolate anion of cysteine; the carboxylates of 

aspartate and glutamate; and the N- and C-termini, are frequently modified post-translationally. 

Furthermore, while being a poor nucleophile, asparagine's amide can function as a glycan 

attachment site. Rarer modifications can occur at oxidized methionines and at some methylenes 

in side chains. 

The most common PTMs are the specific cleavage of precursor proteins, formation of 

disulfide bonds, or covalent addition or removal of lowmolecular-weight groups, thus leading to 

modifications such as acetylation, amidation, biotinylation, cysteinylation, deamidation, 
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farnesylation, formylation, geranylgeranylation, glutathionylation, glycation (nonenzymatic 

conjugation with carbohydrates), glycosylation (enzymatic conjugation with carbohydrates), 

hydroxylation, methylation, mono-ADP-ribosylation, myristoylation, oxidation, palmitoylation, 

phosphorylation, poly(ADP-ribosyl)ation, stearoylation, or sulfation. All amino acid side chains 

are known to undergo chemical diversification due to various PTMs. 

How does Post Translational Modification work? 

PTMs can occur at any time during the life cycle of a protein. Many proteins are changed 

immediately after they are translated to help them fold correctly or to direct the nascent protein 

to certain cellular locations (such as the nucleus or membrane). More changes are made after 

folding and localisation to activate or inactivate catalytic activity. Tags that target a protein for 

breakdown are also covalently bonded to proteins. They are modified via a step-by-step 

procedure of protein maturation or activation that combines post-translational cleavage and the 

addition of functional groups. 

Where does Post Translational Modification occur? 

PTMs are mediated by enzymatic activity and occur at different amino acid side chains or 

peptide links. Enzymes that perform more than 200 types of PTMs account for 5% of the 

proteome. Kinases, phosphatases, transferases, and ligases, which add or remove functional 

groups, proteins, lipids, or sugars from amino acid side chains, and proteases, which cleave 

peptide bonds to remove specific sequences or regulatory subunits, are examples of these 

enzymes. Many proteins, such as autokinase and autoprotolytic domains, can change themselves 

via autocatalytic domains. Depending on the nature of the alteration, PTMs may also be 

reversible. Phosphates, for example, hydrolyze the phosphate group of a protein to remove it and 

reverse its biological action. 

Types of PTMs analysis 

 Phosphorylation 

 Glycosylation 

 Ubiquitination 

 S-Nitrosylation 

 Biotinylation 

 Methylation 

 N-Acetylation 

 Lipidation 

 S-myristoylation 

 S-prenylation 

 Alkylation 

 Glutamylation 

Most common Post-Translational Modifications: 

Recent developments in mass-spectrometry (MS) methods have enabled the identification 

of thousands of PTM sites. Consequently, novel enrichment strategies have uncovered the global 

cellular importance of several types of modifications (e.g., acetylation, ubiquitylation, O-GlNac, 
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N-linked glycosylation). More than 200 diverse types of PTMs are currently known, ranging 

from small chemical modifications (e.g., phosphorylation and acetylation) to the addition of 

complete proteins (e.g., ubiquitylation). Some are as follows: 

 Phosphorylation 

Phosphorylation of proteins is the most researched post-translational modification. 

Protein function, enzymatic activity, protein–protein interactions, and protein localisation are all 

regulated by phosphorylation on serine, threonine, and tyrosine residues. Phosphorylation is a 

reversible process that is performed by phosphatases. Phosphorylated proteins can be 

dephosphorylated by protein dephosphatases. 

 Glycosylation and Glycanation 

Glycosylation occurs on the majority of proteins synthesised on ribosomes linked with 

the endoplasmic reticulum. That is, sugar moieties are covalently attached to the polypeptide 

chain. N-linked glycosylation of asparagine and O-linked glycosylation of serine and threonine 

are the two most common kinds of glycosylation in Eukaryotes. 

 Ubiquitination 

Protein ubiquitination occurs when a covalent ubiquitin is attached to lysine, cysteine, 

serine, threonine, or the N-terminus of a protein. Ubiquitin is a tiny protein with a molecular 

weight of +/-8.6 kDa that is found in practically all tissues. A three-enzyme cascade catalyses 

ubiquitination, an enzymatic reaction (E1, E2, and E3). This ensures substrate specificity as well 

as the procedures of activation, conjugation, and ligation. 

Techniques to detect PTMs 

Post-translational modification of proteins can be experimentally detected by a variety of 

techniques, including: 

 Mass spectrometry 

 Eastern blotting  

 Western blotting 

Function of PTMs 

Category of PTMs and their functions: 

 Phosphorylation - Change protein comformation; Activate/inactivate catalytic activity 

 Ubiquitination - Target protein for degradation 

 Glycosylation - Direct a protein to its destination 

 Acetylation  - Affect protein comformation and its affinity to other proteins 

 Lipidation - Affect the activity and subcellular location of a protein 

https://www.ptglab.com/products/featured-products/ubiquitin-antibody/
https://en.wikipedia.org/wiki/Mass_spectrometry
https://en.wikipedia.org/wiki/Eastern_blotting
https://en.wikipedia.org/wiki/Western_blotting
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 Methylation - Affect protein comformation and its affinity to other proteins 

 Proteolysis - Remove peptide sequences or regulatory domains 

Workflow of PTMs analysis  

 Digestion of proteins into small fragments 

 Protein separation and analysis using LC/MS/MS 

 Database search 

 PTM mapping 

 Full protein annotation 

Technological platform 

 2D Fluorescence Difference Gel Electrophoresis (DIGE) 

 Liquid Chromatography (LC) 

 High Performance Liquid Chromatography  (HPLC) 

 Matrix Assisted Laser Desorption  Ionization Mass Spectrometry (MALDI-MS) 

PTMs impact on health and disease 

The study of heart disease, cancer, neurodegenerative illnesses, and diabetes necessitates 

the examination of proteins and their PTMs. The development of specific detection and 

purification procedures are the key hurdles in investigating post-translationally changed proteins. 

Fortunately, a range of new and enhanced proteomics technologies are overcoming these 

technological challenges. 

Conclusion: 

Despite considerable efforts to understand the relevance ofposttranslational modifications 

in the cellular context, weare still in the process of unraveling the complexity of 

thesemodifications and their tremendous impact. For the discovery and characterization of these 

site-specific protein changes, sophisticated technological developments like as high resolution 

mass spectrometry and dependable in silico methods are becoming more available. The 

involvement of glycosylation in the creation of disordered or fundamentally unstructured 

proteins is one such innovative use (IUPs). Newly discovered proteins that have been 

substantially changed by post translational processes, resulting in non-functional or defective 

protein molecules are known as disorderly proteins. 

These proteins have been demonstrated to be important in gene transcription, protein 

expression, enzyme activity, cell signalling, and other processes. These protein molecules are 

actively sought after molecular targets for developing medicines for cancer treatment and other 

chronic diseases due to their significance in disease pathogenesis and cellular homeostasis. Other 

https://www.creative-proteomics.com/technology/liquid-chromatography-lc-based-analysis-services.htm
https://www.creative-proteomics.com/support/high-performance-liquid-chromatography-hplc-based-analysis-service.htm
https://www.creative-proteomics.com/technology/maldi-tof-mass-spectrometry.htm
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well-known protein changes, such as phosphorylation, are important players in developing the 

field of translational medicine for diseases that are diverse, such as cancer. With the continual 

addition of novel post-translational modifications, determining the biological importance of 

newly found proteins using traditional approaches is a difficult challenge. 

PTMs play an important role in the functions of proteins. N-linked glycans are a large 

portion of the protein mass and have a profound effect on the shape of the mature S protein and 

its binding to surface receptors, in addition to promoting its folding and intracellular trafficking. 

N-linked glycans may contribute to the antigenicity of S protein, and glycosylation may also aid 

in the activation of an innate immune response, altering viral pathogenesis. N protein 

phosphorylation increases its preferential binding to viral RNA and may control the uncoating 

and assembly process during replication. 

Future perspective: 

The systematic identification of conventional and novel PTM will be substantially 

expedited over the next decade, thanks to the introduction of revolutionary labelling techniques 

(such as H2O18 labelling) and the ever-growing capacity of mass spectrometry. Furthermore, as 

we gain a better understanding of the basic molecular mechanisms behind PTMs, functional 

studies will transition away from less selective inhibitors and toward targeted depletion of key 

modifying enzymes employing CRISPR-based gene knockdown/knockout techniques.  

Currently it is playing important role identify protein modifications of SARS-CoV-2. In 

terms of translational applications, PTMs of coronavirus proteins and the interference of PTMs 

of host proteins by coronavirus proteins may be attractive targets for therapeutic intervention. 

Carbohydrate binding agents, for example, that engage directly with glycans on the virion 

surface, may be able to prevent virus attachment and entrance. Multiple mutations will be 

necessary for the virus to develop medication resistance because there are multiple N-linked 

glycosylation sites present. Recombinant coronaviruses with the DUB/deISGylation activity 

selectively removed from PLPro, on the other hand, could be promising vaccine candidates since 

they retain the protease activity essential for replication but are deficient in subverting the host 

innate immune response. A greater understanding of the PTMs of coronavirus proteins will bring 

fresh insights into the creation of more efficient vaccines and innovative antivirals, given their 

importance in both veterinary and public health settings. 

We're only scratching the surface of the field's vastness and its impact on normal 

development and disease pathology. The successful development of novel prognostic markers as 

well as therapeutic targets for cancer, severe neurodegenerative diseases, and other debilitating 
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genetic diseases depends on the continued search and evaluation of various functional 

modifications of proteins and understanding their interaction in various biological pathways. 
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Abstract: 

 The present study has shown that Panzara and Kan rivers supported 41 fish species 

belonging to 7 orders, 13 families and 29 genera. The order Cypriniformes was dominant with 23 

(56%) species followed by Perciformes with 7 (17%) species, order Suliformes with 5 (12%) 

species, Synbranchiformes 3 (7%) species and Osteoglossiformes, Clupeiformes and 

Beloniformes with single species each. Fish diversity was assessed by calculating the various 

indices such as Shannon-Weiner index (H), Simpson’s Dominance Index (D), Simpson’s index 

of diversity (1-D) and Pielou’s Evenness index of species richness. It can be concluded that 

Panzara and Kan rivers flourish with rich fish fauna. It requires proper management and 

conserves this fish health. 

Keywords:  Biodiversity indices, Fish fauna, Simpson’s index, Conservation etc. 

Introduction: 

Panzara Kan (Panzara+ Kan) rivers are life line of Sakri tahasil, these acts as important 

fish reserves (Patole and Patil, 2009). Fish is sensitive to changes in water chemistry due to 

different anthropogenic activities from their catchments. Fish responses to environmental 

disturbances, including hydro-morphological factors are different in time and space in 

comparison to simpler organisms, as they tend to be integrated over larger intervals. Fish has 

been identified as suitable for biological assessment due to its easy identification and economic 

value (Goswami and Mankodi, 2010).  Fish assemblages have widely been used as ecological 

indicators to assess and evaluate the level of degradation and health of water bodies at various 

spatial scales (Mandal, 2010).  Earlier workers like Madhusudan et al. (2011) studies on diversity 

of fish in Gondoor and Nakane lakes in Dhulia (M. S.). Jaiswal and Ahirrao (2012) studied on 

ichthyofaunal diversity of Rangavali dam, Navapur district Nandurbar (M.S.). 

Fish diversity comprises of species richness (number of species in a defined area), species 

abundance (relative number of species) and phylogenetic diversity i. e. relationships between 

different groups of species (Kharat et al., 2012). Narsimha and Banergee (2013) observed that 

mailto:bhoiss16@gmail.com
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there are many advantages of using fish assemblage as biological indicator. Therefore, it is 

essential to conserve the diversity of fish from freshwater reservoirs and tanks (Khodake et al., 

2014). Patole (2014) reported ichthyofaunal diversity of Nandurbar district (Northwest Khandesh 

region) of Maharashtra (India). Fish diversity is also a good bioindicators of water quality like 

zooplankton and phytoplankton species considered as biological tool for further bio-monitoring 

and assessing trophic status of water bodies (Kawade and Pandarkar, 2015). Recently Patole 

(2015) noted ichthyofaunal diversity of Tapi River flows through Dhule and Nandurbar district 

of Northwest Khandesh (Maharashtra). Aquatic ecosystems consist of a biotic and biotic 

component which directly affects the diversity of flora and fauna of water bodies (Borane, 2015). 

Very recently, Kawade and Pandarkar (2016) studies diversity indices of fish Heterogenesity of 

Kalu dam, Ahmednagar, Maharashtra. Fishes are one of the good and cheapest sources of protein 

food for all classes of people. Fishes are the important vertebrate group of animal’s world 

contributing to the biodiversity of animals (Rawal and Deshmukh, 2016; Deepali Sonawane and 

Patole, 2017).  

In the present investigation fish diversity were studied in Kan and Panzara River located 

at Sakri Tahsil of Dhule District in Maharashtra state, India. We also studied different indices of 

fish diversity. 

Material and Methods: 

For the study of fish diversity, fishes were purchased from fisherman they were collected 

in Panzara and Kan rivers of Sakri tahsil. Fishes brought to laboratory and preserved in 4% 

formalin solution in separate specimen jar according to the size of species. Then photographs 

were taken with the help of digital camera. The fishes were identified by local name named by 

local fisherman. The scientific identification and classification of fish species were made by 

using standard book and keys. Specimens with doubtful identifying characters were identified 

from zoological survey of India (ZSI) Pune.  

Study Area: 

Panzara River 

The Panzara is the largest river in length of Sakri Tahasil (Dhule). It is life line of Dhule 

district and one of the tributaries of interstate river Tapi that flow eastward in to Arabian Sea. It 

lies between 200 to 520 North latitude and 730 to 550 North longitudes in North west side of 

Maharashtra. It originates at Hanuman near Pimpalner, Tal. Sakri Dist. Dhule (M. S.) and meet 

to Tapi River near Mudavad Tal. Shindkheda, Dist. Dhule (M. S.). Its total length is about 136 

km. 
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Kan River 

Kan River flows through the Dhule district and its confluence with Panzara River is near 

the Sakri Taluka. It is the tributary of Panzara. It lies between 210-3’ North latitude and 730-590 

East longitude in North West. It originates near Dhaner Tal. Sakri Dist. Dhule (MS) meet to 

Panzara at Datarti (Sakri), Dist. Dhule (MS). Total length of Kan River is about 54 km. These 

rivers are only one main source for water in Dhule dist. of Maharashtra. The water of these rivers 

is used for drinking, irrigation and aquaculture. 

 

Figure 1: Dhule district Map shows Sakri Tahasil (Panzara and Kan rivers) 

 

For determination of diversity indices, total number of species, total number of 

individuals in a sample and total number of individuals of a species were determined. From these 

data Shannon - Weiner Index (H), Simpson’s Dominance Index (D) and Simpson’s Index of 

Diversity (1-D) and Pielou’s evenness Index (J) were determined using the following equations. 

1. Shannon - Weiner Index (H). It depends on both the number of species present and the 

abundance of each species. H = -ΣPi (lnPi), where Pi is the proportion of each species  

Pi = A/T where A is number of each species in the sample, and T is the total number of 

individuals of all species in the sample. 

2. Simpson’s Dominance Index (D) is determined using the following equations.  

                     n1 (n1- 1) + n2 (n2 – 2) + -------- + n20  

                           (n20 – 1)  

D =                   

                          N (N – 1)  

Kan River 

Panzara River 
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   Where n is the total number of individual of a particular species and N is the total number 

of Individuals of all species. 

3. Simpson’s Index of Diversity = 1- D 

                                                              H 

4. Pielou’s evenness Index (J):     ------------ 

                                                            Ln* S 

Where H is the Shannon - Weiner Index and S is the number of species. 

Results and Discussion: 

 The fresh water fish diversity of Panzara and Kan rivers of Sakri Tahasil and their 

abundance is shown in table-1. This showed that most of the fish species recorded were widely 

distributed in the water bodies of Sakri Tahsil. In the present investigation the fish collected from 

Panzara and Kan Rivers by making two collection stations centre. We collected 41 species (29 

genera) belong to 7 different orders and 12 families.  

 Similar types of work were carried out by earlier workers like Patole and More (2010). 

They have been studied biodiversity of fresh water fishes from Sakri, Tahasil. They examined 

221 specimens, among them 31 species (25 genera’s) of 05 orders, also recorded 17 new species. 

Ubarhande et al (2011) observed 08 orders, 11 families, 22 genera and 27 species. Madhusudan 

et al (2011) have showed18 fish species in Gondoor and Nakana lakes where Cyprinidae was 

dominance over other families. Abu Hanif et al., (2015) reported 26 species belonging to 5 

orders from Sandha Rivers of South West Bangladesh. Sakhare (2001) noticed the occurrence of 

23 fish species belonging to 7 orders in Jawalgaon reservoir in Solapur district of Maharashtra. 

Patole (2014) studied ichthyofaunal diversity of Nandurbar district of Maharashtra State; he 

reported 32 species from 24 genera. Where order Cypriniformes dominate over the other orders. 

Patole (2015) mentioned ichthyofaunal diversity of tapi river flows through Nandurbar and 

Dhule district. He reported 32 fish species belonging to 23 genera. He finds similar results i.e. 

order Cypriniformes where dominance. Deepali Sonawane and Patole (2017) observed 20 fish 

species belonging to 16 genera, 11 families and 06 orders in Nakane, Sulwade and Dedorgaon 

dams of Dhule district (M. S.) where Cypriniformes was dominant over other orders. Kawade 

and Pandarkar (2016) studied on diversity indices, Ahmednagar (M. S.). They reported 27 fish 

species where order Cypriniformes was dominated over other orders. Our work is corroborated 

with these earlier workers. 

 In the present study occurrence of 41 fish species from Panzara-Kan River showed that 

good fish diversity and their production. It might be suitable water quality of rivers that support 

proper breeding places for fish. The fishes belonging to order Cypriniformes was dominant. 
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Table 2 shows fish species richness and various diversity indices. It is observed that, in 

present study species abundance was 2478, Shannon- Weiner Index (H) recorded 3.264. The 

Simpson’s Dominance Index (D) was recorded 0.037 and Simpson’s Index of Diversity (1-D) 

was recorded 0.963. The Pielou’s evenness (J) value was recorded 0.879. 

 

Table 1: Fish abundance and diversity in Panzara and Kan rivers, Sakri (India) 

Sr. 

No. 

Species Order Family Common 

name 

Abun- 

dance 

1. Xenentodon cacila  Beloniformes Belonidae Vam 13 

2. Tenualosa  ilisha Clupeiformes Clupeidae    Bhat-masa 148 

3. Acanthocobitis botea  Cypriniformes Balitoridae   Mooree 112 

4. Acanthocobitis mooreh    Mooree 107 

5. Oreonectus evezardi    Mooree 35 

6. Schistura denisoni    Mooree 23 

7. Barilius bendelisis   Cprinidae Zora 142 

8. Crossocheius latius    Regadi 42 

9. Danio aequipinnatus    Ger 37 

10. Garra mullya    Mhya 105 

11. Hypophthalmichthys 

nobilis  

  Silver 25 

12. Labeo boggut    Ger 23 

13. Lepidocephalichthys 

guntea  

  Mooree 98 

14. Lepidocephalichthys 

themalis  

  Mooree 88 

15. Oteobrama cotio cotio    Ger 26 

16. Punctius amphibious     Kanvar 68 

17. Puntius conchonius    Chhoti-

Debri 

73 

18. Puntius sarana sarana     Kunder 62 

19. Puntius sophore    Lal Dhebri 68 

20. Puntius ticto    Dhebri 80 

21. Rosbora daniconius    Zora 69 
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22. Salmostoma bacaila    Mavala 32 

23. Salmostoma clupiodes    Chal 27 

24. Salmostoma phulo phulo   Chal 38 

25. Tor khudree    Khavalya 26 

26. Notopterus notopterus  Osteoglossiforme

s     

Notopterid

ae 

Patoda 21 

27. Chanda nama  Perciformes Ambassid

ae 

Kach-Masa 89 

28. Parambasis ranga    Dhebri 18 

29. Channa guchua   Channidae Dok 139 

30. Channa punctata    Dok 142 

31. Channa orientalis    Dok 135 

32. Channa marulius    Dok 149 

33. Glossogobius giuris   Gobidae   Khavalya 42 

34. Mystus bleekeri  Silurifomes Bagridae Chichva 13 

35. Rita pavimentata    Sisava 09 

36. Heteropneusta fossilis   Clariidae Tochya 15 

37. Clupisoma garua    Schilbidae Vavadi 79 

38. Ompok bimaculatus   Silirudae Papada 18 

39. Macrognathus panicalus  Synbranchiforme

s 

Metacembel

idae 

Vam 18 

40. Mastacembelus armatus    Vam 09 

41. Mastacembelus pancalus    Vam 15 

 

 

Table 2: The fish species richness and diversity indices 

Sr. No. Index Value 

01 Species Richness 41 

02 Species abundance (N) 2478 

03 Shannon- Weiner Index (H) 3.264 

04 Simpson’s Dominance Index (D) 0.037 

05 Simpson’s Index of Diversity (1-D) 0.963 

06 Pielou’s evenness (J) 0.879 
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Conclussion: 

These Ichthyofaunal studies suggest that this water body is rich in fish fauna. Therefore a 

sustainable strategies needs to raising awareness among the fishermen for conservation of fish 

diversity in the Panzara and Kan rivers of Sakri Tahsil. 
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Introduction: 

Due to population growth, suburbanization, and industrial development, energy demand 

is steadily increasing. Due to the rapid depletion of fossil fuels such as coal, oil, and gas, 

traditional energy sources have a greater influence on the environment, resulting in an increase in 

CO2 levels, which causes global warming. The use of renewable energy sources is required. 

Because of their unpredictable and intermittent character, individual energy sources cannot offer 

continuous power to the load. As a result, renewable energy sources such as wind, solar, hydro, 

biogas, and fuel cells can be combined to create a hybrid system that is more dependable and 

environmentally benign. Distributed energy source is the name given to this type of renewable 

energy sources and the generation is called as distributed generation. 

However, most renewable energy, such as solar and wind energy, is inherently unstable 

and intermittent when compared to conventional energy sources. Over the course of hours or 

days, solar irradiance and wind speed can change dramatically. Furthermore, poor energy density 

is seen as a major disadvantage of renewable energy. A single renewable energy source is clearly 

insufficient to maintain a continuous energy delivery system. Integration of multiple renewable 

energy sources has been proposed to alleviate the difficulties. 

India has held two auctions for hybrid wind/solar projects. Both auctions were under-

subscribed, with SB Energy, Adani Green Energy, and ReNew Power winning bids totaling 1.56 

gigawatts (GW) out of a total of 2.4 GW on offer. The discovered costs were just below the 2.70 

Indian Rupee ceiling tariff. In May 2019, India had added 65-70 GW of wind and solar capacity, 

with wind and solar accounting for 9.5 percent of total energy output. This percentage might rise 

to 15-16 percent if the government's aim of 175 GW is met by 2022 (Khare et al., 2013). For the 

past two decades, the Indian government has attempted to link rural areas utilizing national grid 
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extension. However, present power access is still less than 50%, with an actual connection of less 

than 14%. Rural populations with low load demand and dispersed settlements will not get energy 

in the foreseeable future in this scenario. Although India is a rapidly rising economy, with an 

annual GDP growth rate of roughly 6% over the last two decades, the development of rural areas 

remains worrying (Kumar et al., 2018). Despite the country's tremendous hydroelectric potential, 

it cannot be really utilized due to massive river water distribution problems.  

According to McKinsey's own modelling, wind-solar storage hybrid systems might 

generate round-the-clock power with cost and reliability levels comparable to existing coal-fired 

power plants in the next 4-5 years if the above improvements are taken into account. By 2025, a 

hybrid system capable of delivering a flat load of 250MW might be built by integrating solar, 

wind, and battery storage for a levelized cost of energy of 3-4/kWh. Of course, this is depending 

on the region specificity as well as seasonal variations. (Deshmuk et al., 2015). 

Hybrid systems: 

A hybrid system is made up of two or more renewable and non-renewable energy 

sources. Energy sources (AC/DC), AC/DC power electronic converters, and loads are the 

essential components of the hybrid system as shown in Fig 2. 

 

Figure 1: Hybrid Systems (Adapted from Shivarama Krishna and Sathish Kumar, 2015) 

 

Hybrid renewable energy systems 

Renewable energy output is currently increasing year after year, with most countries 

aiming for greater than 15% renewable energy generation by 2020. A hybrid energy system is 

made up of two or more renewable energy sources that are combined to boost system efficiency 

and provide greater energy supply balance (Neves et al., 2014). Wind, photovoltaic, fuel cell, 

and micro-turbine generators are interconnected in hybrid energy systems to create power for 
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local loads and connect to grid/micro-grids, reducing reliance on fossil fuels (Negi and Mathew, 

2014). It is necessary to establish a sustainable and efficient energy system to address the 

recurring electrical difficulties in remote locations in order to boost growth. The present 

generation capacity and estimated potential has been estimated in the table 1. 

Table 1: Installed capacity of renewable energy sources in India (Dave and Kumar 2019) 

Sr.No. Source Total installed capacity 

(MW) 

1 Wind Power 34046 

2 Solar Power 21651 

3 Bimass Power 8701 

4 Waste to Power 138 

5 Small Hydropower 4486 

 

Types of hybrid renewable energy systems 

The different types of renewable energy systems includes  

1. Biomass-wind-fuel cell 

2. Photovoltaic-wind 

3. Solar-Induced Hybrid Fuel Cell from Biomass 

4. Completely Renewable Hybrid Power Plant 

5. Hydro-wind 

1. Biomass-wind-fuel cell 

 

Figure 2: Biomass-wind-fuel Cell (Dave and Kumar, 2019) 
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Consider a load that requires 100% power supply; if no renewable energy system can 

meet this need, two or more renewable energy systems can be integrated. For instance, 60% from 

a biomass system, 20% from a wind energy system, and the remaining from fuel cells. As a 

result, integrating all of these renewable energy sources may be able to meet 100% of a load's 

power and energy requirements, such as a home or business. 

2. Photovoltaic-wind: 

A photovoltaic array combined with a wind turbine is another example of a hybrid energy 

system. The wind turbine would provide higher production in the winter, while the solar panels 

would produce their peak output in the summer. Wind, solar, geothermal, and trigeneration 

stand-alone systems can provide better economic and environmental returns than hybrid energy 

systems (Sawle et al., 2016).         

3. Solar-induced hybrid fuel cell from biomass: 

Researchers have invented a new form of low-temperature fuel cell that uses a catalyst 

activated by solar or thermal energy to directly convert biomass to electricity. A new solar-

induced direct biomass-to-electricity hybrid fuel cell that can run on a range of fuels has been 

developed. A polyoxometalate (POM) catalyst is used in the fuel cell, which changes colour as it 

reacts with light. Under sunlight irradiation, electrons in the biomass can be converted to 

polyoxometalate (POM), and reduced POM can supply the charges to the anode. The oxygen in 

the cathode then captures these electron.  

 

Figure 3: Solar-induced direct biomass-to-electricity hybrid fuel cell  

(Adapted from Dave and Kumar, 2019) 

 

4. Completely renewable hybrid power plant 

Solar, wind, biomass, and hydrogen Hybrid Power Plant (solar, wind, biomass, and 

hydrogen) A hybrid power plant made up of these four renewable energy sources can be put into 

operation by careful management of these resources (Sinha and Chandel, 2014). 
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5. Hydro-wind 

Wind energy is one of the most rapidly developing renewable energy sources. Due to low 

wind speeds and significant unpredictability concerns, stand-alone wind energy systems may not 

be able to meet the demands of certain loads. A wind-hybrid energy system combines wind 

energy with one or more other renewable energy technologies, as well as an appropriate backup 

system, such as a battery bank or diesel generator. The reliability of combined operation in the 

form of a hybrid system is improved, and it compensates for the shortcomings of stand-alone 

systems (Bajpai et al., 2012) 

Hybrid renewable energy systems utilization 

The usage of renewable energy is critical for the world since global energy consumption 

is rising, and traditional energy sources are no longer sufficient to supply the demand, resulting 

in energy crises. Climate and weather-related variations in solar radiation and wind speed, on the 

other hand, limit the stable operation of renewable energy sources, causing output to fluctuate. A 

hybrid renewable energy (HRE) system is a viable solution to the above issue because it can be 

very efficient by combining multiple renewable energy sources. 

 

Figure 4: Hybrid renewable energy systems utilization road map  

(Adapted from Guoa et al., 2018) 

Hybrid renewable energy systems is utilized for the following categories including space 

heating, cooling, hot water usage, power generation, hydrogen production, drying and multi-

generation. 

1. Space heating, cooling and hot water usage 

Alternative energy resources, in addition to conventional fossil fuels, have been seriously 

studied to reduce energy consumption and greenhouse gas emissions in order to fulfil the 
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objective of keeping global average temperature increases below 2 degrees Celsius. Solar energy, 

as the most readily available renewable energy source, is simple to collect and use for space 

heating, cooling and hot water. 

2. Cooling 

The HRE system can be used for cooling as well as space heating and hot water, thanks 

to the integration of an absorption refrigeration cycle. A solar-biomass hybrid cooling system is 

made up of three parts: a solar water heater, a biomass gasifier-boiler, and an absorption chiller. 

A solar water heater collects solar energy for heating water and stores it in a storage tank. When 

solar radiation is scarce or unavailable, the biomass gasifier-boiler is used as a backup or primary 

heat source. The absorption cooling cycle is usually carried out with a binary solution, such as a 

lithium bromide-water solution, in which the former acts as an absorbent and the latter acts as a 

refrigerant. 

3. Power generation 

Solar, wind, biomass, and geothermal energy can all be combined to generate electricity. 

This section is organised around the various combinations of renewable energy sources in order 

to clearly characterise the power generating processes in various HRE systems. 

 

Figure 5: Power generation (Adapted from Guoa et al., 2018) 

4. Hydrogen production 

The production of hydrogen via HRE system is mainly based on thermochemical or 

biological processes including  

 Pyrolysis,  

 Gasification, 
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 Supercritical water extraction,  

 Biophotolysis, and  

 Photo fermentation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Road map for hydrogen production (Adapted from Guoa et al., 2018) 

 

5. Drying 

Drying crop by-products including paddy rice, cassava, chile, and rubber sheets is an 

important agricultural activity, particularly in tropical and subtropical nations. A sun drying 

device was proposed to alleviate the drawbacks of standard drying processes. However, there are 

substantial biomass resources produced during agricultural production that can be used to 

provide drying energy. For drying, a combination of solar and biomass energy can be used. 

6. Multi-generation 

The multi-generation system is intended to meet the energy demands for heating, cooling, 

electricity, and desalination at the same time. The combined heat and power (CHP) system is 

powered by solar and geothermal energy to deliver both thermal and electrical energy for heating 

and power generation. The absorption refrigeration cycle can be supported by the heat gathered 

from solar radiation and recovered from turbine exhaust gas (Olatomiwa et al., 2016). 

Desalination by reverse osmosis and distillation can be powered by solar collector/geothermal 

heat exchanger heat and generated power, respectively. 
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Steps involved hybrid system based power generation 

It is essential to have a well-defined and standardized frame work/steps taken for hybrid 

system based power generation for rural electrification. These steps are as follows: 

a) Demand Assessment: The load demand can be calculated using reliable load forecasting of 

remote settlements. Interviewing gramme pradhans, school teachers, local people, and 

workers, for example, can help with load assessment. 

b) Resource Assessment: Using existing meteorological data, resource evaluation can be done 

by assessing potential available in wind, MHP, solar, Biomass, Biogas, and other renewable 

energy resources. 

c) Barriers/Constraints: Annual electricity demand, reliability, net present cost, environmental 

considerations, and employment are all impediments to these activities. 

d) Demand is fulfilled by Hybrid renewable energy system. Combining one or more renewable 

energy sources with traditional energy sources can accomplish this. Some Hybrid renewable 

system configurations are as follows: 

 PV/Wind/diesel generator HRES, 

 PV/wind/fuel cell HRES 

 Wind/battery HRES 

 Biomass/wind/diesel generator HRES 

 PV/Wind/Biomass/fuel cell HRES  

 

Criteria for hybrid system optimizations 

In order to select an optimum combination for hybrid system to meet the load demand, 

evaluation must be carried out on the basis of power reliability and system life-cycle cost (Gupta 

et al., 2016). 

1. Power reliability analysis: A variety of methods used to calculate the reliability of the 

hybrid system includes Loss of power supply probability (LPSP), Loss of Load 

Probability (LOLP), System Performance Level (SPL) [4], and Loss of Load Hours 

(LOLH).  

• LPSP: The probability that an insufficient power supply results when the hybrid 

system is unable to satisfy the load demand. 

• LOLP: This measure of the probability that the system demand will exceed the 

system’s power supply capacity in a given time period. 

• SPL: It is defined as the probability that the load cannot be satisfied. 

• LOLR: To decide a proportion for solar and wind energy in a hybrid system. 
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2. System cost analysis: There are several economic criteria for the system cost analysis, 

such as Net present Cost, Levelised Cost of Energy and life-cycle cost (Sharma et al., 

2021). 

Storage 

For assuring a constant supply of electricity to the load, storage technology is vital. 

Compressed air energy storage (CAES), pumped hydro storage (PHS), hydrogen fuel cells, 

flywheels, supercapacitors, superconducting magnetic energy storage (SMES), and batteries are 

just a few examples of energy storage that can be employed in a hybrid renewable energy 

system. 

Table 2: Key characteristics of each of the energy storage  

Attributes Efficiency Maturity of 

technology 

Cost Energy 

density 

Power density 

CAES 70% Mature High High High 

PHS 75-85% Mature High initial 

cost 

Depends on 

size of the 

reservoir  

Depends on the 

height distance 

between the  

reservoir 

Hydrogen  

fuel cells 

50-60% Early stages of 

maturity 

High Depends on 

the hydrogen 

resorvoir 

Depends on speed 

on reaction 

Flywheels 80-90% Mature Low Low High 

Super 

capacitors 

80-95% Immature High Low High 

SMES 90 - 95% Immature High Low High 

Battery 75- 85% Mature Low High High 

 

Future trends and limitations: 

The renewable technologies have come a long way in terms of research and development. 

However there are still certain constraints in terms of their optimal use and efficiency. The 

challenges faced due to this technologies includes  

 Renewable energy sources, such as solar PV and fuel cells, require novel technologies to 

extract more useful electricity. Solar's inefficiency is a major roadblock to its widespread 

adoption. 
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 Because the high capital cost leads to a longer payback time, the production cost of 

renewable energy sources must be significantly reduced. 

 It should be assured that the power electrical equipment lose as little power as possible. 

 Innovative technologies must be used to extend the life of storage technology 

 These stand-alone systems are less flexible to variations in load. Large variations in load 

could cause the entire system to fail. 

Conclusion: 

 In India, the state of renewable energy sources such as solar and wind systems are 

adequate, but they require further attention for greater development. Although cost reductions 

and technological advancements in renewable energy systems have been encouraging in recent 

years, they remain a costly source of energy. Further R&D developments in solar PV and wind 

technologies that can reduce the cost of renewable systems are needed to allow widespread 

adoption of this developing technology. India will achieve "Grid Parity" in solar energy in 2017 

and wind energy in 2022, according to the above debate. For further development, it is required 

to concentrate on a certain technological system, which necessitates greater work and better 

policy measurement. 
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Abstract:  

The Dakshina Kannada district is well recognised for its traditional, folk, or Ayurvedic 

medicine preparation and practises. Traditional healers, pandits, and Ayurvedic physicians can 

all be found in the district. Traditional Healer is a person in a primitive civilization who treats 

people suffering from various illnesses using long-established methods passed down from one 

healer to the next. Because of poverty and lack of access to modern medicine, tribal and rural 

communities in various sections of Dakshina Kannada rely more on medicinal plant therapy to 

meet their health care needs. New generations are hesitant to continue the family's indigenous 

medicine techniques due to modernisation and a loss of faith in TK. Meanwhile, most traditional 

healers are unwilling to share their knowledge for a variety of reasons, including a false belief in 

knowledge sharing, educated cheaters, illiteracy about knowledge conservation, and a lack of 

integration among traditional healers, which is why folk medicine knowledge is deteriorating 

from generation to generation. 

Introduction:  

Many traditional practitioners and folk healers reside in the Dakshina Kannada district, 

which has a diverse ethnic and cultural population. Traditional medicine (also known as 

indigenous or folk medicine) refers to therapeutic knowledge passed down through generations 

in diverse civilizations prior to the advent of modern medicine (Bhandary and Chandrashekar, 

2003). Traditional medicine is defined by the World Health Organization (WHO) as "the sum 

total of knowledge, skills, and practices based on theories, beliefs, and experiences indigenous to 

various cultures, whether explainable or not, used in the maintenance of health as well as the 

prevention, diagnosis, improvement, or treatment of physical and mental illness, whether 

explainable or not" (Poornima et al., 2010). 

Different ethnic groups such as Koraga, Malekudiya, Naika, and other communities such 

as Brahmin, Bunts, Vishwakarmas, Billavas, Musilms, and others live in the district. Herpes, 
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Jaundice, Skin Diseases, Male and Female Sterility, Sexual Problems, Indigestion, Blood 

Pressure (High & Low BP), Diabetes, Menstrual problems (White discharge, Bleeding, etc), 

Piles, Constipation, Kidney Stones, Mental Disorders, and Child Problems are all treated by 

these traditional healers using locally available herbs (Shivaprasad and Chandrashekar, 2003). 

The unique trait of folk medicine is that it is always linked to divinity. Traditional healers 

give medications for various physical and mental disorders in the name of Deities such as Naga, 

Bairava, Dhanvanthari, Mantraguliga, Mantradevate, Satyadevate, and others. Villagers rely on 

plants for their primary healthcare due to poverty and a lack of access to modern treatment. 

Fewer side effects, higher patient tolerance, lower cost, and acceptability owing to long history 

of use are all advantages of folk medicine (Kshirsagar, 2001). 

 Traditional herbal medicinal knowledge has been passed down orally from 

generation to generation, thereby eroding this important and priceless knowledge. The study 

discovered that the majority of Dakshina Kannada tribes' or communities' folklore medicine has 

remained unpublished or unknown until now (Kingston et al., 2009; Gupta et al., 2010; 

Rajakumar and Shivanna, 2010). 

Study area:  

The coastal district of Dakshina Kannada is located in the state of Karnataka (Fig 1). On 

the east, it is protected by the Western Ghats, while on the west, it is encircled by the Arabian 

Sea. During the monsoon, Dakshina Kannada receives a lot of rain. The district is bordered on 

the north by Udupi District, on the northeast by Chikkamagaluru District, on the east by Hassan 

District, on the southeast by Kodagu, and on the south by Kasaragod District in Kerala 

(Dakshina Kannada District Profile, 2015). Mangaluru, Putturu, Belthengady, Bantwala, and 

Sullia are the five Taluks of Dakshina Kannada District (Fig 2).    

 

Figure 1: Map of Karnataka state and Figure 2: Map of Dakshina Kannada district 
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Reasons for folk medicinal knowledge deterioration 

1. Modernization: Dakshina Kannada district has a high literacy rate compared to other districts 

in Karnataka, and many educational institutions related to medical, engineering, paramedical, 

law, preuniversity, and undergraduate colleges are springing up year after year, earning the 

district the title of Shikshana Kashi (Educational Centre) of Karnataka. As a result, students from 

all across Karnataka, as well as neighboring states such as Kerala, Tamilnadu, Assam, Manipur, 

Telangana, Andra, and the northern states, are flocking to the area. Because of the 

aforementioned reason, the district is rapidly expanding in all areas, which is causing the decline 

of vegetation to the point where medicinal plants are no longer readily available to traditional 

healers. Because of contemporary education, the current generation is hesitant to adopt folk 

medicine, rejecting it as an old-fashioned superstition. As a result, traditional healers have lost 

their professional lives in this sector, forcing them to seek alternative employment in order to 

support their families. 

2. Disbelief in Folk Knowledge: In comparison to Allopathic medicine, the restorative period is 

longer since they prepare medicine as needed, which takes time, but it is impractical to accept in 

emergency situations in the computer age. Another reason is that phoney traditional healers are 

springing up every day, deceiving people in the name of deities, causing people to lose faith in 

folk medicinal expertise. 

3. Illiteracy about the Conservation of Knowledge: The majority of traditional healers are 

illiterate and rely solely on memory to pass on their knowledge of medicine. These people will 

not disclose their knowledge until they find a trustworthy person; in the meantime, if the person 

dies or becomes ill (Paralysis), the entire knowledge will be buried in the earth. Another myth 

(superstition) held by traditional healers is that if they share their knowledge, medicine will lose 

its healing properties. As a result, without adequate documentation, folk medicinal knowledge is 

fading from generation to generation. 

4. Educated Cheaters: Ethno botany is a relatively new branch of study in the world of 

biological sciences. Pharmaceutical companies, in particular, profit from these ethnic groups by 

using them without regard for their loyalty. On the other side, life science researchers collect 

data from traditional healers or the tribal community and publish it as their own without 

disclosing their names or obtaining their permission; such well-educated persons purposefully 

breach the Intellectual Property Rights (IPR) rules. 

5. Lack of Integration among Traditional Healers: Because there were no adequate norms and 

regulations for medication in ancient times, as well as a lack of medical accebility, village people 

relied heavily on traditional healers for various ailments, and they also received the best care at a 
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low or free cost. However, the government has tightened medication restrictions in recent years, 

requiring traditional healers to register their names with the Forest Department, failing which 

department officers will refuse to enable them to pick medicinal plants from the forest. . Due to a 

lack of cooperation among them, they were unable to stand up to the government's norms and 

regulations, as well as modern medicine, and they were unable to defend folk medical knowledge 

in relation to literature. 

Discussion:  

Traditional healers in Dakshina Kannada come from a variety of backgrounds, including 

astrologers, priests, black magicians, spiritual healers, agriculturists, and others, and they provide 

promising folk medicine for a variety of ailments, including fatal diseases such as Dengue, 

Cancer, and jaundice. There were numerous examples of traditional healers treating failed 

allopathic cases based on the results of the field survey. This knowledge was derived from their 

ancestors' wisdom or from their Teacher (Guru) through living practical experiences at the 

treatment site, rather than from a book or laboratory knowledge. As a result, due to the 

aforementioned rationale, traditional healers have not documented this information in the form of 

literature. Because most folk medicines are unknown, there is a chance that promising medicines 

for lethal diseases such as Dengue fever, jaundice, cancer, HIV, and other infectious diseases 

will emerge. 

Conclusion:  

Traditional Medicinal Knowledge is a wealth of the district, state, or country; thus, we 

must preserve it by raising awareness among traditional healers about proper documentation, 

Intellectual Property Rights (IPR), marketing, and valid publication. Traditional healer's 

organizations will play a vital role in the preservation of folk medicinal knowledge as well as 

legal backing from the government. 
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Abstract: 

In the last half century, significant increases in the productivity of modern poultry stocks 

have been achieved for both the meat and the egg production sectors of the global poultry 

industry. Improvements in poultry management and housing, nutrition, ration formulation, the 

use of poultry genetics in commercial breeding programmes, and improved diagnosis and control 

of avian diseases have all led to synergies. The health and disease of poultry can be the least 

predictable of all these essential components. 

Although poultry diseases from nutritional and metabolic causes, the focus of this 

information note is on minimizing diseases brought on by infectious agents, which can have 

detrimental and sometimes immediate negative effects on the effectiveness of commercial 

processes. Although poultry diseases from nutritional and metabolic causes can be have concern. 

The development of an intensive poultry industry in many of the countries discussed here 

depends on the growth in number and size of small and medium-sized commercial poultry 

operations. Therefore, the main focus of this review is on elevating poultry health for operations 

of this size. However, the effects on poultry health for and from such flocks are also included 

due to the significance of small-scale, village-based production units in many developing 

countries. 

Keywords: Viral diseases, immunization, disease symptoms disease control 

Introduction: 

Agriculture is the backbone of the rural economy. It also has a significant impact on the 

national economy, contributing 13–16 percent of GDP. The number of people who keep 

chickens in their homes is not known with precision. The estimated agricultural households are 

all thought to be involved in small-scale domestic poultry production using native chickens in 

various parts of the nation depending on climatic conditions. Natural selection primarily favours 

regional or native breeds when it comes to the chickens raised in free-range and backyard 
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systems. Because of this, chickens in rural areas continue to perform poorly, as shown by their 

extreme broodiness, slow growth rates, small body size, and low production of eggs and meat. In 

the majority of the country, separate poultry houses are uncommon, and chickens typically 

coexist in family homes with people without any or very little feed supplementation. 

Additionally, raising them has been thought of as a supplemental farming action. Almost every 

household raises chickens for social and economic reasons in rural India, which is one of the 

potential locations for household-based poultry production systems. The rural poultry production 

and management system was not well described in relation to the leading agro-ecological set up 

of the area, in spite of its great importance in the household economy and food security. 

After creating a clean and hygienic environment through good poultry Production 

activities, routine precautionary process represent the next line of defence against disease. 

Among the preventive steps are: 

 Immunization 

 Parasite control 

 Identifying and treating sick birds 

 Separating multi-age flocks 

 Putting routine bio-safety activity into practise between staff members who work with 

flocks. 

Immunization 

Numerous poultry diseases can be stopped by immunization. Use a suitable vaccination 

schedule, or only purchase properly immunised stock. When buying chicks or pullets, you can 

ask your supplier for vaccination records. Marek's disease, infectious bronchitis, infectious 

coryza, infectious bursal disease, infectious laryngotracheitis and Newcastle disease are among 

the diseases against which poultry vaccinations are available. 

For breeders of poultry, when vaccinating: 

 Always abide by the label's instructions, including those regarding storage. 

 Make use of disposable needles and syringes. 

 Properly dispose of all vaccines, used syringes and needles. 

 Keep things organized, but keep cleaning products and disinfectants away from 

vaccination equipment. 

 Disinfecting the skin before receiving Marek's HVT or the fowl pox vaccine will destroy 

the vaccine virus. 

 Confirm the accessibility of vaccines with your vaccine supplier or veterinarian 
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Control of parasite 

Internal and external parasite exposure will be greater in birds kept on the floor with 

access to pastures and outdoor spaces. It's crucial to implement a prevention programme and 

administer treatments as necessary for birds kept in these circumstances. By doing so, physical 

strain is abridged and poultry birds are kept fit and disease-resistant. Eliminate parasites by: 

 Frequently checking poultry birds for parasites on the outside 

 Spraying or dusting the poultry birds with a standard insecticide thoroughly if you notice 

mites or lice; make sure the insecticide gets into crevices in the shed, nest and perches. 

 Rotating ranges and cleaning out sheds to avoid worms. 

 Constantly looking for any worms in the faeces. 

 Always check the label for withholding periods on worming treatments because some are 

not suitable for production poultry birds. 

 Consulting a veterinarian. Speaking with a veterinarian. 

Eliminate ill poultry birds 

Keep an eye out for any symptoms of sickness or issues with the flock, such as feather 

picking, in your poultry birds. Eliminate sick poultry birds and other animals from the main flock 

and get a professional diagnosis. Usually, sick birds don't look like healthy birds. Once the 

disease or issue has been identified, the proper treatment can be administered. Until they are 

fully recovered, keep sick birds isolated from the flock. If medication is administered, it's crucial 

to follow any withholding limits. 

Management of multi-age flocks 

There is a higher risk of disease communication from an older flock of birds to a flock of 

younger birds when younger birds are introduced. Older birds frequently develop resistance to 

ailments that younger birds have not yet encountered. When introducing new birds to a flock, 

there may also be an increased risk of feather plucking and social problems. Running single-aged 

flocks is best in terms of disease prevention. However, if this is not possible and you are 

managing flocks with multiple ages, such as Keep age groups apart; implement an all-in, all-out 

system for each age group to enable thorough cleaning and equipment disinfection in between 

batches. Always begin with younger and work your way up to the oldest poultry birds. 

Some important viral disease of poultry birds 

1. Newcastle disease (ND) 

Newcastle disease (ND) affects domestic poultry, birds kept in cages and aviaries, and 

wild birds. It is a highly contagious viral disease. It typically manifests as a rapidly fatal, high-

mortality condition in poultry birds and is characterised by respiratory, gastrointestinal, and 
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nervous signs. The disease caused by virulent ND viruses can be clinically undetectable or 

quickly fatal in other bird species. ND viruses can cause clinical disease in poultry birds in 

pathological conditions with several virus strains displaying high levels of virulent while other 

strains produce no disease and are categorised as avirulent. The disease caused by viruses with 

high and moderate virulent as shown in tests on domestic birds or based on their genetic makeup 

is known as neurodegenerative disease (ND), according to the World Organisation for Animal 

Health (OIE). ND virus is infective for almost all avian species, both domestic and wild. Natural 

infection has been reported in humans and rodents, and a variety of laboratory animals have been 

infected experimentally. Infections in non-avian species could spread the disease but the 

significance of this is not known. However, these animals pose a significant risk because they 

can act as mechanical vectors of ND.  

 Chickens: Highly prone to ND virus infection, including APMV-1's pigeon variant. 

Among poultry birds, is thought to be the most vulnerable. 

 Turkeys: Susceptible to ND. Outbreaks can occur in turkey flocks but they are usually 

less severe than those in chickens. Effects on egg production are similar to those in 

chickens. Some outbreaks have resulted in high mortalities, others in leg paralysis. 

 Ducks and geese:  Ducks are reported to be readily infected with ND virus and to be 

competent of dispersal the virus. Nervous signs and diarrhoea are the most notable 

clinical features of the pigeon variant of APMV-1, which can result in up to 80% 

morbidity. There are few reports of clinical ND virus in ducks, Turkeys can also be 

infected with the virus, but are apparently not very susceptible to disease.  

 Pigeons: Susceptible to ND. APMV-1 the pigeon variant can create up to 80% morbidity, 

with diarrhoea and nervous symptom being the nearly all distinguished medical 

characters.  

 Wild waterfowl: Another reservoir of avirulent ND viruses usually associated with 

intestinal infection. However, wild waterfowl have been strongly implicated in the spread 

of outbreaks across Europe. Infections have occurred in cormorants in Filename: ND3.1-

16FINAL (29Nov06) 10 AUSVETPLAN Edition 3 the United States and Canada over a 

number of years without infecting domestic poultry. 

 Peafowl, pheasants, quail and guinea fowl: All are susceptible to natural ND virus 

infection. Although mortalities have been recorded, infection usually produces only mild 

disease unless it occurs in quail, which are very susceptible.  
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Disease Symptoms  

The clinical signs of ND virus infection are very variable, influenced greatly by the 

virulence and tissue tropism of the virus; the species, age, immune status and condition of the 

bird; the route of exposure; the magnitude of the infecting dose; and external factors, such as 

type of housing and environmental and social stress. An outbreak of ND in poultry birds may be 

so severe that approximately all birds of a pretentious flock die within 72 hours without 

noticeable signs, often causing a suspicion of poisoning. In adult layers, a marked drop in 

production may be the first sign, followed in 24–48 hours by mortality, which can reach 100%. 

Clinical signs and symptoms noted may be: 

 A sudden drop in egg production often accompanied by production of abnormal eggs 

(misshapen, soft or missing shells with loss of normal pigment); 

 Loss of appetite, fever, weakness;  

  Swelling and cyanosis of the comb and wattles;  

 Watery, bile-stained, distinctive bright green or bloody diarrhoea;  

  Respiratory signs, which may include increased respiratory rate, respiratory distress, 

coughing and a high-pitched sneeze (‘snick’); and Filename.  

 Nervous signs, which can include loss of balance, circling, backward progression and 

convulsive somersaulting, rhythmic spasms, stiff and wry neck, head tremors, and wing and 

leg paralysis.  

Disease Control 

Innate and passive immunity: Different strains of chickens vary in their response to ND 

infection. Younger birds develop clinical signs more quickly and are more severely affected, 

although chicks from immune hens may be protected by antibody derived from the yolk.  

Active immunity: It is likely that the bird’s full range of immune mechanisms is involved in the 

immune response. Cell-mediated immunity can be demonstrated two days after infection. All ND 

virus strains cause an antibody response in chickens and other avian species. However, titres in 

cage and aviary birds following natural infection with lentogenic strains are not known. Serum 

antibody can be detected in chickens 6–10 days after infection. Titres peak after 3–4 weeks and 

decline to undetectable levels in 8–12 months. Neutralising antibody protects chickens, chicken 

embryos and cell cultures from infection. Birds resistant to infection have high levels of 

circulating antibody. Low levels of antibody may not prevent infection but can protect chickens 

from severe disease and mortality. It has been demonstrated that vaccinated birds without 

detectable antibody may survive challenge with virulent virus. This may be due to low levels of 
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humoral antibody, interference between vaccine and challenge virus competing for cell 

attachment sites, cell-mediated immunity, and/or local immunity. 

Newcastle disease (ND) vaccination 

Immunity brought on by vaccinations is thought to last between 10 and 12 weeks. 

Repeated vaccinations are required to maintain a sufficient level of protection. Parental 

immunity also interferes with vaccine effectiveness. Vaccination programs are therefore often 

delayed until chicks are 1–2 weeks old. Both naturally occurring (‘live’) and inactivated 

(‘killed’) vaccines have been developed overseas and experiments conducted locally and 

overseas to determine the vaccine effectiveness of the lentogenic V4 strain (Australian virus 

isolated in 1966).  

Virulence 

i. Lentogenic virus: Lentogenic virus vaccines are generally administered by eye drop, in 

drinking water, by aerosol or intranasally. A vaccine using a heat-tolerant V4 strain has 

been developed for feeding to village chickens in countries where these constitute a 

significant proportion of poultry production. 

 Vaccine type: V4 strain, Ulster 2C, Hitchner B1,  Asplin F  strain, La Sota. 

ii. Mesogenic strains:  Mesogenic strains are not considered for use in Australia because the 

vaccine virus is capable of causing significant disease in fully susceptible poultry. 

Vaccines based on lentogenic strains of virus, such as B1, La Sota, F and V4, which have 

proven efficacy against ND, have been successful in controlling ND outbreaks in many 

parts of the world. 

Vaccine type: Komarov K strain, Roakin strain, n Mukteswar strain. 

2. Fowl Pox  

The majority of bird species, including all types of commercial poultry, are susceptible to 

the relatively slow-moving viral infection known as fowl pox. Both a wet and dry form is 

present. Plaques in the mouth and upper respiratory tract define the wet form. The wart-like skin 

lesions that develop into thick scabs are the defining feature of the dry form. The disease may 

occur in any age of bird, at any time. Unless the respiratory involvement is severe, mortality is 

typically not significant. Depression, decreased appetite, and poor growth or egg production can 

all be symptoms of fowl pox. The disease progresses over three to five weeks in each individual 

bird. 

An avian DNA pox virus is what causes fowl pox. Although there is some cross-

infection, there are five or six closely related viruses that primarily affect various species of 

birds. Skin bites or abrasions lead to infection, as do respiratory infections and possibly eating 
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infected scabs. Birds, mosquitoes, or termites can all spread it (inanimate objects such as 

equipment). In dried scabs, the virus is incredibly resilient and can, in some circumstances, last 

for months. After feeding on sick birds, mosquitoes can carry infectious viruses for a month or 

longer before spreading them to other birds. Recovered birds do not remain carriers. A flock may 

be affected for several months as fowl pox spreads slowly. 

Disease Symptoms  

Fowl pox is a common disease in backyard chickens that have not been vaccinated. 

Although very young or sick birds may not survive the infections, the majority of birds do. On 

the comb, wattles, and other skin areas, the lesions initially resemble a whitish blister. Lesions 

can occasionally be found on the legs, body, and even the softer parts of the beak. The blisters 

take about three weeks to heal and fall off after developing into a dark scab. Fowl pox lesions in 

the mouth and throat of an infected bird can make breathing difficult or even fatal. Exhibition 

poultry breeders prefer to vaccinate their birds to prevent this disease because scarring could 

result. Management of the mosquito population can help reduce outbreaks of fowl pox. 

Disease Control 

Fowl pox has no known cure, so the only way to prevent it is to vaccinate any 

replacement birds. When using preventative vaccination, all replacement chickens are 

immunised between six and ten weeks of age, and one dose of the fowl pox vaccine provides 

lifetime immunity. Broilers typically do not need to be immunised unless there is a high 

mosquito population or a history of infections. Chicks as young as one day old can receive 

vaccinations. Unaffected flocks and individuals may receive vaccinations during outbreaks to 

aid in containing the spread. Broad-spectrum antibiotics may help lower morbidity and 

mortality if there is evidence of a secondary bacterial infection. As mosquitoes are known 

reservoirs, mosquito control procedures may be of some benefit in limiting spread in poultry 

confined in houses. 

Fowl Pox vaccination 

 Vaccines are available for fowl pox (ATC vet code: QI01AD12 (WHO)). Chicken 

are usually vaccinated with pigeon pox virus. The wing web method of injection is typically 

used to administer this vaccine to chickens between the ages of 8 and 14 weeks. A bird 

should be in perfect health prior to vaccination because it will only expose it to a mild form 

of the active virus. Also regularly immunised are turkeys. There are no cures for bird flu once 

it has been contracted; the only options are vaccination and mosquito control. 
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3. Avian influenza   

  The term "bird flu" (also known as "avian flu" or "avian influenza") describes 

influenza strains that primarily infect wild and domesticated birds. Depending on the proteins 

found on the virus surface, bird flu is given the names H or N. Avian influenza, also known 

as bird flu, is a condition brought on by influenza virus strains that primarily affects birds. A 

new strain of bird flu emerged in the late 1990s that was notable for its capacity to kill 

domesticated birds like ducks, chickens, and turkeys and cause severe illness and disease. As 

a result, this strain was called highly pathogenic (meaning very severe and contagious) avian 

influenza and termed H5N1.Avian influenza viruses are type A orthomyxoviruses 

(Influenzavirus A) characterized by antigenically homologous nucleoprotein and matrix 

internal proteins, which are identified by serology in agar gel immune diffusion (AGID) 

tests. AI viruses are further divided into 16 hemagglutinin (H1-16) and 9 neuraminidase 

(N1-9) subtypes. 

A new strain of bird flu was identified in China in 2013. H7N9 is the name of the 

influenza A virus (H7N9 Chinese bird flu). The virus (H7N9) was identified on March 31, 

2013, and is antigenically distinct from the H5N1 bird flu virus. Sadly, the H7N9 bird flu 

strain appears to have unstable genetics. At least 48 different subtypes of H7N9 have been 

identified since its discovery. Researchers are worried that some H7N9 strains will continue 

to swap genes with other flu viruses and may cause a new pandemic because the viruses are 

persistent in some chicken flocks in China. 

Infected birds shed the virus in their saliva, nasal secretions, and droppings, which is how it 

spreads. When healthy birds come into contact with contaminated faeces or secretions from 

sick birds, they become infected. The virus may also spread from bird to bird through contact 

with contaminated surfaces, such as cages. A bird's symptoms can range from a slight 

decrease in egg production to the failure of several major organs and eventual death. 

Influenza virus strains that have evolved to be specifically adapted to enter avian cells 

are what cause bird flu. The three main influenza subtypes are A, B, and C. The influenza A 

type virus that causes bird flu has eight RNA strands in its genome. By examining two 

proteins on the surface of the virus, influenza viruses are further categorised. Hemagglutinin 

(H) and neuraminidase are the names of the proteins (N). Hemagglutinin and neuraminidase 

proteins come in a wide variety of forms. Type 5 hemagglutinin and type 1 neuraminidase, 

for instance, are present in the most recent pathogenic bird flu virus. The influenza A virus is 

therefore known as "H5N1" (also termed HPAI or highly pathogenic avian influenza). The 
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2013 virus is known as H7N9 because it has two different surface proteins on its surface. 

H7N7, H5N8, H5N2, and H9N2 are additional strains of bird flu. 

Disease Symptoms  

Bird flu symptoms include fever, cough, sore throat, and nausea. Symptoms often 

progress to severe breathing problems, pneumonia, and acute respiratory distress 

syndrome (ARDS). 

Disease Control 

Prevention Techniques 

Exclusion bio-security strategies are the best protection against the introduction of AI 

into poultry. Suspected outbreaks should be reported to the relevant regulatory authorities. In 

addition to preventing clinical symptoms and death, vaccines that are antigenically matched 

and given correctly can significantly reduce viral replication and shedding from the respiratory 

and gastrointestinal tracts. Specific defense is offered by autologous virus vaccines or vaccines 

created from AI viruses with the same hemagglutinin subtype. Antibodies to homologous viral 

neuraminidase antigens may partially protect against them. Only the inactivated whole AI 

virus, DNA of H5 hemagglutinin, defective eastern equine encephalitis virus, recombinant 

fowlpox-AI-H5, and recombinant herpesvirus-turkey-AI-H5 (rHVT-AI-H5) vaccines are 

currently approved for use in the USA. The state veterinarian must give their consent before 

using any approval AI vaccine against the H1-4, H6, and H8-16 hemagglutinin subtypes. 

Additionally, a state of emergency must be declared and the Secretary of Agriculture must 

approve the use of H5 and H7 AI vaccines in the USA. 

Providing Support 

Morbidity and mortality may be decreased by treating flocks affected by the LPAI with 

broad-spectrum antibiotics to control secondary pathogens and raising house temperatures. 

Antiviral drug therapy is neither approved nor advised. 

Vaccination   

In the US, efforts are made to lessen the prevalence of HPAI in poultry through routine 

surveillance of poultry flocks in commercial poultry operations. The flock might need to be 

immediately destroyed if an HPAI virus is discovered. Less pathogenic viruses can be controlled 

through vaccination, which is mainly used in flocks of turkeys (ATC vet codes: QI01AA 23 

(WHO) for the inactivated fowl vaccine and QI01CL01 (WHO) for the inactivated turkey 

combination vaccine). 
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https://www.medicinenet.com/aches_pain_fever/article.htm
https://www.medicinenet.com/chronic_cough/article.htm
https://www.medicinenet.com/sore_throat_pharyngitis/article.htm
https://www.medicinenet.com/nausea_and_vomiting/article.htm
https://www.medicinenet.com/lungs_design_and_purpose/article.htm
https://www.medicinenet.com/pneumonia_facts/article.htm
https://www.medicinenet.com/ards/article.htm
https://www.medicinenet.com/ards/article.htm
https://www.medicinenet.com/ards/article.htm
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4. Polyneuritis  

Marek’s disease is a highly contagious lympho-prolifative disease in chickens. Birds like 

Quail and Turkeys can be affected naturally/ artificially but chickens are more prone to this 

disease, as they are most important natural host for Marek’s disease virus (MDV).  The chickens 

become carriers for life, once infected with MDV. In the environment where chickens are raised, 

the virus is present everywhere. Human beings are not harmed by this virus. Renowned 

veterinarian Dr. Joseph Marek of the Royal Hungarian Veterinary School in Budapest published 

the first research on Marek's disease in 1907. The Marek's disease virus (MDV) is a member of 

the Herpes viridae family's Alpha-herpesvirinae subfamily and is a member of the Mardivirus 

genus.  

Additionally, MDV type 1 (MDV1), also known as Gallid herpesvirus 2 (GaHV-2), and 

MDV-2 are two distinct MDV species found in the herpesvirus of turkeys (HVT), which is a 

member of the Mardivirus genus (GaHV-3). The pathogenic strains for MDV-1 and MDV-2 

were originally isolated from chickens that appeared to be normal, while MDV-1 contains all the 

pathogenic strains and some vaccine strains. According to D. J. McGeoch's personal 

communication, the Mardivirus lineage split off from the mammalian Herpesvirus about 131 

million years ago. Feather dander—a white coating that surrounds growing feathers—is the main 

method of MDV transmission, but it can also spread through blood, saliva, poultry house dust, 

and other bodily fluids. The condition was initially referred to as "Polyneuritis." the sacral plexus 

and spinal routes becoming thicker, allowing mononuclear cells to invade. Innate and adaptive 

immune responses work together to produce immunity against MDV. However, because the 

virus is cell-associated, vaccination results in a cell-mediated immune response. The activation 

of T helper (TH-cells) 1 cells and the release of pro-inflammatory cytokines are necessary for 

protection. Additionally released are the interferons (IFNs), interleukin (IL)-1, IFN-, and 

inducible nitric oxide synthase (iNOS). 

Etiology: Gallid Herpesvirus 2, also known as Alpha-herpesvirus, is the etiological agent. There 

are three known serotypes, including the avirulent serotype 3 and the less virulent serotype 1 of 

the turkey herpesvirus. Serotype 1 (MDV-1) has attenuated strains and is more virulent. Serotype 

3 (MDV-3) is the herpesvirus of turkeys (HVT), which is used as a vaccine against MDV. 

Serotype 2 (MDV-2) is an avirulent virus isolated from chickens. MDV consists of a 256-

capsomere capsid, an outer envelope, and an inner core. Serotype 1 MDVs are the most virulent 

of these three serotypes, and they can be further divided into mild (m), virulent (v), very virulent 

(vv), and very virulent plus (vv+) strains based on their ability to cause cancer. 

 Disease Symptoms  
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MD-related clinical symptoms include T-cell lymphoma formation in visceral and 

ectoderm derived tissues, immunosuppression, and polyneuritis. Neurolymphomatosis causes 

paralysis in the legs and wings. Ocular lymphomatosis causes the iris of one or both chicken eyes 

to turn grey. Round, nodular lesions up to 1 cm in diameter, particularly on the feather follicles, 

are a symptom of cutaneous disease. Organs like the kidney, muscles, gonads, lungs, and spleen 

can also develop nodular and lymphoid tumours. Meningoencephalomyelitis without suppuration 

and lymphoma. 

Depending on the age of the affected birds, the symptoms change. Sneezing, gasping, and 

frequently droopiness are the first symptoms that are typically seen in young birds. The 

symptoms in this stage of the illness resemble bronchitis-related infections quite closely. A flock 

experiences deaths in quick succession and in growing numbers each day within a short period of 

the onset of respiratory symptoms. 

In some cases, sudden deaths happen to adult or growing birds, and many birds exhibit 

respiratory symptoms afterward. The affected birds' feathers are ruffled, and they are stuffed and 

depressed. Diarrhea, which is characterized by passing watery, pungent-smelling stools, occurs 

along with these symptoms. There is significant salivation. The production of gurgling sounds is 

caused by saliva that frequently builds up in the mouth and obstructs breathing. Disused birds 

may also have soft-shelled and malformed birds. The disease in turkeys progresses very slowly. 

Except for a slight sense of dullness, a loss of appetite, and other minor symptoms, it may go 

unnoticed in adults in particular. 

Control 

There is no worthwhile treatment available right now. In an effort to reduce the duration 

and severity of the infection, proper housing and general good care are advised. Early disease 

detection and the implementation of sanitary measures are extremely important for disease 

control. Segregating infected birds into groups of 10 to 15 each, removing all infectious materials 

like droppings and poultry cleanliness residues, and providing individual attendants for each 

group of birds are some crucial steps in its prevention. 

The location of the poultry farm should be far from a busy intersection. Prior to bringing 

any newly acquired birds into the farm, they should be kept in isolation for at least 10 days. The 

chicken runs should occasionally be ploughed, and lime should be applied there as a general 

disinfectant. By creating a barrier of wire netting, it should be as difficult as possible for free-

flying birds to access the pens and runs. 
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Conclusion: 

Viral infections are the main causes of losses in poultry production. Ethnoveterinary 

medicine (EVM) plays an important role in health management of family poultry as shown by a 

high percentage of rearers that use it compared to vaccines and chemical dusts. The majority of 

respondents used EVM as broad spectrum medicines. The low use of vaccines and chemical 

dusts by poultry rearers indicate inadequacy of extension service. Therefore, it is important that 

the government extension service train family poultry rearers in health management. It is 

necessary to assess the effectiveness of traditional treatments that are frequently used by farmers 

to control parasites and diseases in their flocks. So, indigenous chicken ecotypes and a very 

small number of exotic breeds are the foundation of the poultry production system (RIR). Agro-

ecology affects how the households manage their resources and their production systems. While 

traditional medical practises were used to heal and protect chickens from disease, poultry 

vaccination was extremely inadequate. The system's main bottlenecks are diseases, inadequate 

veterinary care, subpar housing, subpar nutrition, and the neglect of local chickens in extension 

programmes, but the farmers' desire to encourage poultry production and their innate 

understanding of culling and selection practises may present an opportunity to advance the 

industry. 
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Abstarct: 

 In human beings life childhood is the period related with physical, mental and social 

wellbeing.With increasing age there is physical and psychological maturation, which influences 

activity, body composition, feeding skills and food choices. Perfect diet with nutritional food is 

essential for overall development in infants and children .Thus Proper intake of nutrition among 

children is necessary for the physical and mental growth of child. Poor nutrition increases the 

risk of health illness and is responsible directly or indirectly for children deaths among less than 

five years of age. Unhealthy food habits and lack of proper nutritional diets leads to obesity 

among children. While adequate nutrition is important throughout childhood, it is crucial during 

the first five years of a child’s health when rapid growth occurs in the physical structure of child 

and this is the period where family members, grandparents, caregiver to infants and mother play 

a very important role to fulfil the nutrition level of the child. Nutrition has major effects on 

health of every individual and crucial effect on child’s health. 

Keywords: Childhood, food choices, poor nutrition, physical structure  

Introduction: 

 Mental, emotional and physical growth and development depends on the food and 

nutrition of Child diet. Poor nutrition increases the risk of health illness and is responsible 

directly or indirectly for children deaths among less than five years of age. Malnutrition refers to 

any imbalance in satisfying nutritional requirements. Malnutrition among children is often 

caused by the collective effects of inadequate or improper food intake, repeated episodes of 

parasitic or other childhood diseases such as diarrhoea. Malnutrition is an important factor for 

high morbidity and mortality among children. It can also affect growth potential and risk of 

morbidity and mortality in later years of life. Proper intake of nutrition among children is 

necessary for the physical and mental growth of children. Infants who are by birth underweight 

are more vulnerable and are at higher risk towards morbidity.Focusing on the young child’s 

health and their improved nutritional level is directly linked with socio-economic development of 

nation. 
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Factors affecting child nutrition 

 A number of factors affect the health and child nutrition. The most common factors are 

food availability and dietary intake, breastfeeding, prevalence of infectious and parasitic 

diseases, access to health care, immunization against childhood diseases, vitamin A 

supplementation, maternal care during pregnancy, water supply and sanitation, socioeconomic 

status, and health-seeking behaviour.In India due to illiteracy blind belief ,early marriage of girls 

child bearing years for women increases and due to lack of awareness of proper family planning 

programe birth interval in two children among rural women is very low .It affects the availability 

of nutrition level among children which in turn affects the health of child and mother .Inadequate 

or improper food intake and repeated episodes of infectious diseases adversely affect children’s 

nutritional status and health. If disease like diarrhoea, among children is tackled carefully it will 

have positive impact on survival rate of children’s mental health and personality growth 

.Sanitation, washroom facilities , supply of clean water is equally important for the positive 

health of mother and child. Discrimination against girls in feeding and health care are reasons for 

poorer nutrition and higher mortality among girls than boys in many developing countries.  

Impact of Malnutrition on Children’s Health 

 Allover the world 792 people are affected by malnutrition as it is reported by the world 

health organization. At least one third of them are children.In childhood malnourishment among 

children‘s health have very negative effects on their health in terms of Stunting. Malnutrition 

can hinder a child's ability to grow normally, leaving both his height and his weight well under 

normal when he's compared with children of the same age. Severe malnourishment can lead to 

permanent damage among child. Marasmus is characterized by a lack of nearly all nutrients, 

particularly protein and calories, severe weight loss, thin and papery skin, hair loss and leads to 

severe health damage among children. In India protein deficiency among children,known as 

Kwashiorkor is found large in number.Symptoms of kwashiorkor include discoloured, brittle 

hair that has a copper sheen, rashes, water retention, a distended belly caused by bloating, an 

enlarged liver. Malnutrition can involve not only insufficient macronutrients such as protein, 

carbohydrates and fat, but also insufficient micronutrients such as vitamins and minerals and also 

water.  

Malnutrition among Children’s Health in India 

 According to the 2010 Global Hunger Index, India has more hungry people and the 

highest burden of child malnutrition than any country in the world. Though India is having 

higher GDP compared to many less developed countries but child nutritional deficiency is very 

high in India .Close to 1.3 million children die every year in India because of malnutrition, 
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according to the World Health Organization (WHO).Death among children due to malaria in 

rainy season, diarrhoea related to unhealthy and unhygienic food, prevalence of pneumonia is 

very high.Worldwide, over 100 million children are underweight. In India large number of young 

children are underweight, going through the disease like stunting and child nutritional level 

ailments.  

 In India deficiency of vitamins and protein in the body number of anaemic children is 

high. Although poverty is an important factor, nutritional deficiencies are widespread even in 

households that are economically well off. Inadequate feeding practices for children make it 

difficult to achieve the needed improvements in children’s nutritional status, and nutrition 

programmes have been unable to make much impact with these serious nutritional problems. 

India is in the position of having very high levels of malnutrition despite large stocks of food 

grains resulting from increased agricultural productivity. Major two situations responsible for 

child malnutrition are -firstly, a significant proportion of the population remains unable to buy 

enough food; secondly, the whole population is vulnerable to becoming malnourished due to 

exposure to diseases like diarrhoea and parasitic infections resulting from poor sanitation and 

living conditions. 

Malnutrition among children: Health in Maharashtra 

 According to National Family Healthy Survey 2005-2006 the nutrition situation in 

Maharashtra is slightly better than the national average with improvements from 1998-99. The 

feeding practice for children aged 6-9 months shows an alarming pattern with only 48% of 

children receiving solid or semisolid food and breast milk.56% less in terms of national average 

chart requirement. The prevalence drops to 40% for rural areas compared with the national 

average of 54% and as low as 23.3% for non-educated mothers compared with the national 

average of 49%.Rural areas of Maharashtra malnutrition is very high .Almost 38% of children 

under age three are stunted (India - 38.4%) and almost 40% are underweight (India 45.9%). 

Wasting affects 14.6% of children under age (India 19%). Compared with urban areas, under-

nutrition is higher in rural areas and also in Mumbai. In Maharashtra, there is a strong correlation 

between child malnutrition and the level of maternal education showing a two-fold difference 

between non-educated and well-educated mothers. Almost 72% of children under age three are 

anaemic (India 79.2). There is a significant urban-rural divide with Mumbai having the lowest 

prevalence with 59.5% compared with 76.8% in rural areas. The non-educated versus educated 

mothers difference is not as strong with 75% and 71% relatively. This may be linked to a more 

general poor quality of nutrition and hygiene conditions and limited access to iron 

supplementation.53% of children are fed only breast milk for the first 6 months (India 46%). 
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Breast feeding among illiterate women in rural areas as well as in urban area is high. 51.8% of 

children under three years are breastfed within one hour of birth (India 23.4%) with no 

significant difference between urban and rural areas and between well-educated and non-

educated mothers. Only 47.8% of children aged 6-9 months receive solid or semisolid food and 

breast milk. 32% of children age 12-35 months received vitamin A supplements in the six 

months (India 23%) with the highest prevalence in urban areas (34.2%) followed by rural areas 

(29.9%) and in Mumbai (27%). 

Factors Affecting India’s Nutritional Health Challenges 

 Population growth, unemployment, livelihood issues, fragmentation of land holding, 

contractual jobs has reduced purchasing power and led to poverty in Indian society. India’s rapid 

urbanization and overcrowding makes households vulnerable to malnutrition by reducing access 

to support services, healthcare, clean water, and sanitation. Gender equity is considered as a 

particularly strong factor in the high rates of maternal and child malnutrition seen in South Asia; 

women are undervalued in society and eat least and last. National rates of child anaemia, calorie 

deficiency, and child illness also point to non-optimal feeding practices, which in turn reflects 

poor maternal nutritional status, economic limitations, sociocultural settings, high fertility rates, 

limited access to education, and mothers’ young ages. India’s notably low public health 

expenditures compound issues of access.These wide factors show that undernutrition follows 

lines of high and rising levels of inequity in the country. Compare to urban area in rural areas 

malnourishment and undernourishment is very high.Main reason is poverty which is widely 

prevalent in rural areas.Children from scheduled tribes have the poorest nutritional status on 

nearly every measure, and the highest prevalence of wasting among under-fives. 

Government’s Initiatives in India towards Child’s Health and Malnutrition 

 To check malnutrition, is one of the top agendas in the priority list of the government. 

Indian Government has implemented various developmental schemes and approach to curb the 

issues of malnutrition by adopting various sectoral approach. Integrated Child Development 

Services (ICDS) specially programmed for lactating and pregnant mothers and children below 

the age of 3, National Rural Health Mission (NRHM), Mid Day Meal Scheme (MDM), Rajiv 

Gandhi Scheme for Employment of Adolescent Girls(RGSEAG),Indira Gandhi Matriyo Sahayog 

Yojana (IGMSY). However, in spite of the sincere efforts of the government, gaps exist between 

the government envisaged nutrition programs and their actual implementations due to various 

factors like lack of voluntary manpower in the different states. Madhya Pradesh has the highest 

malnutrition rate (55%) and Kerala the lowest (27%). Even today one in three children in India 

are stunted, therefore the Niti Aayog has come out with a national strategy to fight maternal and 
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child malnutrition and anaemia. The focus is on 100 poor performing districts in terms of 

stunting zero. The national nutrition strategy aims to bring nutrition to the centre stage of the 

National Development Agenda and has outlined a vision of Khuposhan Mukt Bharat 

(Malnutrition Free India), reducing all forms of malnutrition by 2030.  

Way Forward 

 Each of the factors affecting malnutrition are extremely complex and emphasizes that 

there are significant social dimensions to it among children. We must think about such growth 

among children, where rising incomes and government revenues target improvements in health, 

nutrition, infrastructure, and education of all. It is also important to emphasize that India is an 

enormous and diverse country, and much of health and nutrition programming is directed at the 

state level. By keeping regional issues and their problems in society steps can be taken to address 

the problems of malnutrition. It is an important thought process that how India is going to 

address its nutrition challenges, and what opportunities exist for improvement. In India among 

infants due to lack of awareness programmes for parents especially to young mothers certain 

communicable disease like measles and diarrhoea which are highly prevalent in India are 

responsible for leading into malnutrition ad undernutrition among children and infants. Mothers 

should made informed about importance of exclusive breastfeeding for six months and 

continuing to breast feed up to two years or beyond. Other important knowledge which should be 

conveyed are damage caused by irrational beliefs and cultural practices of feeding, Proper work 

and implementation by all stakeholders at various levels should be addressed efficiently. 
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Absrtact: 

Orchids are among the most diverse flowering plant families, prized for their beautiful 

long lasting flowers exhibiting an incredible range of diversity in size shape and color. Large 

scale multiplication of exquisite and rare orchids using tissue culture techniques has helped 

orchids occupy a position as one of the top ten cut flowers. As orchids are out breeders, their 

propagation using seeds leads to the production of heterozygous plants. Hence protocols 

providing regeneration from various vegetative parts of the plant are needed. Though orchid 

micropropagation has shown spectacular development in the recent years. Now Plant thin cell 

layers (TCLs) have proven to be an effective tool for the in vitro culture of many plants 

including orchids. TCLs consists of few layers of cells, typically 0.5-1.0 mm thick. The limited 

amount of cells in a TCL is a paramount importance because marker molecules/genes of 

differentiation can be easily located in situ in the target cells. Since then TCLs have been 

successfully used in the micropropagation of many plant species whose previous in vitro 

regeneration was not successful using conventional methods. This book chapter examines 

fundamentals behind TCLs, and their applications in orchid micropropagation.  

Introduction: 

 Tran Thanh Van (1973) developed Thin Cell Layer (TCL) culture technique, first 

described in tobacco pedicel epidermal cell cultures. Based on the use of very small explants 

derived from a limited cell number of uniform tissue. It is useful for reducing the time period, 

producing a high frequency of shoot regeneration, direct PLB formation and callus induction in 

many plants including orchids, simply by manipulating the auxin to cytokinin ratio. TCL serve as 

a simple, yet effective way to control the developmental pathway and organogenic out come and 

provide, where tested an effective way of mass producing clones of specific organs (Teixeira da 

Silva et al., 2015). Since the remarkable discovery of the TCL technique various cellular, 

biochemical and In vitro micropropagation aspects of several monocotyledons and 
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dicotyledonous plants, have been examined with explants from roots, shoots and somatic 

embryogenesis/organogenesis of isolated plant tissues (Teixeira da Silva, 2013; Tung et al., 

2021). This culture method was developed for programming different patterns of morphogenesis 

Tran Thanh Van (1981) and has been applied to short regeneration and somatic embryogenesis in 

dicot plants. From the last decade this culture method was also used in orchids and other 

monocotyledonous species. This culture system was proved to be more efficient than other 

conventional In vitro culture methods with regard to the total output of plantlets (Lakshmanan et 

al., 1995). So, in order to obtain rapid plant regeneration with a high frequency the TCL culture 

method was exploited for mass propagation of many orchids. Effects of various PGRs were also 

evaluated in TCL culture. 

 The TCL system consists of an explant of a small size excised from different plant organs 

namely stems, leaves, inflorescences, floral organs, apical meristems, pseudobulbs and 

protocorms either longitudinal (lTCL) or transverse (tTCL) sections (Vyas et al., 2010). TCL 

contains only one tissue type, such as monolayer of epidermal cells, whereas tTCL includes 

small number of cells from different tissue types; epidermal, cortical, cambium, perivascular, 

medullar, and parenchyma cells. TCL systems allow for the isolation of specific cell or tissue 

layers which depending on the genetic state and epigenetic requirements and in conjugation with 

strictly controlled growth conditions namely light, temperature, pH, PGRs, media additives and 

others, may lead to the In vitro induction of specific morphogenic programs (Teixeira da Silva, 

2003). Within the TCL system the morphogenic and developmental pathways of specific organs, 

derived from other specific or nonspecific cells, tissues or organs may be clearly directed and 

controlled. Moreover, it allows for the study of cytological, physiological, biochemical and 

molecular changes occurring in a particular morphogenic program. This strict regulation of the 

morphogenic pathways will allow for the controlled production of somatic embryos and their 

subsequent use as synthetic seeds or as mass propagation units. It would also enhance the 

production capacity of secondary metabolites and pharmaceuticals through transgenic organ 

cultures. This culture system is promising and efficient with regard to the total output of plantlets 

obtained, higher than in other conventional In vitro methods for rapid regeneration (Hossain et 

al., 2013). This technique is also for mass propagation of ornamental plants and conventional 

cash crops as well as difficult to propagate species, for research and commercial purpose. This 

protocol requires special attention to selecting appropriate explants, technical skills and careful 

handling of explants (Teixeira da Silva, 2013). The application of TCL technology is very 

efficient in terms of using a small number of plants as an explant source, but resulting in the 

great number of plantlets in a more controlled manner than a conventional explant (Teixeira da 
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Silva and Dobranszki, 2014). This technique is low cost effective for tissue culture industries and 

commercial production of plantlets and also generates employment for rural people. This 

technique is also useful method, would the conservation of RET orchids and can be used for the 

large-scale production to meet the growing demand of native orchids. Therefore, TCL technique 

has made micropropagation easier and more efficient for many angiosperms species including 

orchids (Bose et al., 2017). 

 In order to have successful results in genetic engineering, high rates of regeneration and 

low rates of escape are needed. Using explants with large size in gene transformation studies 

increase the chance of regeneration for both transformed and untransformed cells which leads 

chimerism (Teixeira da Silva, 2003). Regarding the advantages of thin cell layer method, this 

method could significantly reduce the possibility of chimerism. This TCL system consists of 

small sized explants of different plant organs longitudinally (lTCL) or transversely ((tTCL) 

which are different in tissue types. Therefore, they could be used as suitable system for selecting 

a specific cell or tissue layer, in order to induce a specific morphogenic programs which lead to 

an efficient and successful regeneration of transformed tissue. The regeneration of many plant 

species through TCL method has been reported so far and this method has also been successful 

as an efficient method for enhanced production of secondary metabolites and pharmaceuticals 

through transgenic organ cultures such as those produce by Agrobacterium rhizogenes (Teixeira 

da Silva, 2003).     

TCL and Orchid In vitro Culture 

 Orchids were once considered to be particularly difficult-to-propagate plants In vitro, but 

TCL technology has helped to develop methods for their tissue culture, making mass propagation 

easier and more reproducible (Teixeira da Silva, 2013). The TCL system employs various small 

sized explants from different plant organs excised either longitudinally (lTCL) or transversely 

(tTCL). TCL culture systems are promising and efficient with regard to the total output of orchid 

plantlets compared to other conventional In vitro methods for rapid regeneration systems. TCLs 

have been successively used for callus or direct PLBs induction from different explants in many 

orchid species. The advantage of the TCL system is to produce high frequency organ 

regeneration and to reduce the time interval required to generate plantlets. TCLs have been used 

extensively to study the differentiation and with the successful manipulation of all morphogenic 

programs in orchids. Plant tissues such as shoot tips, root tips, floral stalks, stem nodes, apical 

buds, protocorm like bodies, leaf segments, rhizomes and mature seeds have been used as 

explants in, In vitro propagation of orchids (Zhao et al., 2008).  
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 Since decades TCL technique have been used to culture several orchids In vitro; 

Brasilidium forbesii (Gomes et al., 2015), Dendrobium aqueum (Parthibhan et al., 2018), 

Phalaenopsis hybrid (Lo et al., 2022), Dendrobium candidum (Zhao et al., 2007), 

Paphiopedilum callosum (Wattanapan et al., 2018), Hadrolaelia grandis (Vudala et al., 2019), 

Dendrobium hybrid Sonia (Mandal et al., 2020), Dendrobium malones Victory (Anjum et al., 

2006), Cymbidium sleeping Nymph (Vyas et al., 2010), Dendrobium gratiosissimum (Jaiphet 

and Rgasayatorn, 2010), Dendrobium aphyllum (Bhattacharyya et al., 2018), Vanilla planifolia 

(Jose and Nirmal Babu, 2018) and Cattleya forbesii (Ekmekcigil et al., 2019). Therefore, TCL 

technique has made micropropagation easier and more efficient for many species, including 

orchids (Bose et al., 2017). Micropropagation by using TCL technique can provide a rapid large 

scale production on a commercial scale of valuable plant species, which may be difficult to 

produce through traditional methods, in a limited space under the controlled environment 

without any seasonal constraints all over the year. Tissue culture and biotechnology of 

Dendrobium, an important medicinal orchid and ornamental plant are evolving rapidly with 

many advances being made annually. Novel techniques that offer assistance and solutions to 

orchid researchers who may encounter difficulties or limitations in tissue culture are always 

welcomed. Advancing both basic tissue culture and conservation biology, Parthibhan et al. 

(2018) induced somatic embryos from stem tTCLs of Dendrobium aqueum in MS medium 

supplemented with 2.3 µM Zeatin or in the presence of 8.3 µM N6 (2-isopentenyl) adenine. In 

this as many as 43 globular somatic embryos per tTCL were formed.  Bose et al. (2017), induced 

adventitious shoots in Malaxis wallichii a threatened medicinal orchid from stem tTCL in 89% 

explants developed 22.5 shoots/TCL when inoculated on to MS medium with 4.1 µM meta-

topolin and 2.7 µM NAA. Shoots were then rooted in ½ strength MS medium with 5.7 µM IAA. 

In a study by Bhattacharyya et al. (2018) induced the shoots on nodal tTCL of Dendrobium 

aphyllum, cultured on MS medium supplemented with 15 µM mta-topolin, 10 µM TDZ and 10 

µM AgNO3, forming 39.4 shoots per explant. These shoots were rooted in medium containing 15 

µM IBA and plantlets were successfully acclimatized in a mixture of vermiculite and Saw dust in 

the ratio of 1:1.  
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Table 1: Thin Cell Layer (TCL) culture in orchids from different explants 

Sl 

No 

Species TCL derived 

from 

Nutrient media with 

Additives 

Results Ref 

1 
Hadrolaelia 

grandis 
PLBs 

Woody plant medium 

+ BA (2.2 µM) and 

BAP (8.8 µM) 

High percentage of 

PLBs from tTCL and 

83.3% of PLBs from 

lTCL 

39 

2 Bletilla striata Pseudobulbs 
MS + BA (2.0 mg/l) + 

TDZ (1.0 mg/l) 

Shoot induction 

(93.3%) 
12 

3 

Paphiopedilum 

callosum var. 

sublaeve 

PLBs 

MVW + Ascorbic 

acid (0.1 mg/l) + AC 

(2 g/l) 

Shoots (29.17% and 

PLBs (50.89%) 

induction 

41 

4 Eria dalzelli Shoot tips 
Mitra et al. + TDZ 

(9.08 µM) 

Induction of PLBs 

(96.0%) 
16 

5 Cattleya forbesii stem nodes 
KC + BAP (1.2 mg/l) 

+ NAA 1.2 mg/l) 

RITA bioreactor 

culture produced PLBs 

and Shoot 

regeneration 

05 

6 Vanilla planifolia axillary buds 

MS + BA (1.0 mg/l) + 

IBA (0.5 mg/l) + 

Tryptone (2 g/l) 

Induction and 

proliferation of PLBs 
09 

7 
Doritaenopsis 

Hybrid 
Leaves MS + TDZ (9.0 µM) 

Highest percentage of 

PLBs formation 

(72.3%) 

25 

8 

Cymbidium 

Hybrid cv. 

Twilight Mon 

‘Daylight’ 

PLBs 

VW + NAA (0.1 

mg/l) + Kin (0.1 mg/l) 

+ Tryptone (2 g/l) 

High frequency PLBs 

regeneration 
30 

9 
Aerides 

maculosum 
Shoot tips 

Mitra et al. + TDZ 

(13.62 µM) 

High percentage of 

PLBs (81%) 

ultimately produced 

healthy shoots 

18 

10 
Cymbidium 

bicolor 
Shoot tips 

Mitra et al. + 24-

epiBL (13.62 µM) 

Induction of PLBs 

(86%) 
17 

11 Liparis elliptica Shoot tips 
Mitra et al. + TDZ (4 

µM) 

Induction of PLBs 

(93%) 
19 

12 
Dendrobium 

draconis 
Stem 

MS + BA (2.0 mg/l) + 

NAA (1.0 mg/l) 

Development of 

Maximum PLBs 

(68%) formation 

27 
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13 
Dendrobium 

gratiosissimum 
Protocorms MS + Kin (2.0 mg/l) 

Highest percentage of 

PLBs (83%) formation 
08 

14 

Cymbidium 

Hybrid cv. 

Sleeping Nymph 

PLBs KC + CW (5%) 
Highest percentage of 

PLBs (83%) formation 
40 

15 
Coelogyne 

cristata 
PLBs MS + BA (2.0 mg/l) 

Highest shoot 

multiplication 
22 

16 
Paphiopedilum 

deperle 
Floral buds 

MS + BA (44.39 µM) 

+ NAA (26.85 µM) 

Highest shoot 

production 
13 

17 
Xenikophyton 

smeeanum 
Shoot tips 

Mitra et al. + TDZ 

(11.35 µM) 

Highest PLB 

induction 
21 

18 
Renanthera Tom 

Thumb ‘Qilin’ 
leaves 

VW + TDZ (1.0 mg/l) 

+ Peptone (1 g/l) + 

CW (10%) 

High frequency PLBs 

formation 
43 

19 

Dendrobium 

candidum Wall ex 

Lindl. 

PLBs 
MS + NAA (1.2 mg/l) 

+ BA (1.2 mg/l) 

High frequency shoot 

regeneration 
44 

20 
Dendrobium 

nobile Lindl. 
PLBs MS + BA (11.0 µM) 

Induction of 34 

PLBs/TCL 
23 

21 

Phalaenopsis 

amabilis (L.) Bl. 

cv. Cool Breez 

Inflorescence 

axis 

MS + BAP (2.0 mg/l) 

+ NAA (1.0 mg/l) + 

CW (10%) + Peptone 

(2 g/l) + AC (1 g/l) 

Induction of PLBs 28 

22 
Cymbidium     

aloifolium (L.) 
PLBs MS + Zea (14.0 µM) 

Induction of 28.2 

PLBs/TCL. 
23 

 

Success of TCL technology 

 Over the past few decades, methods based on TCL culture as explants were developed 

and successfully applied to numerous plant species for in vitro mass propagation, genetic 

transformation, and production of artificial seed, cryopreservation and in vitro selection. For 

plant biotechnology, the use of TCL technology might be highly beneficial in many ways, 

Teixeira da Silva and Dobranszki (2019) were listed below, seven parameters contributing to its 

success. 

A. When TCL explants are used, the surface area of the explant in contact with the medium is 

relatively greater in a conventional explant and the transport of medium components is more 

efficient because they can reach relatively more receptive cells of the explants, that is which 

would enable an organogenic or embryogenic response, relative to conventional explants. As 



Frontiers in Life Science Volume VI 

    (ISBN: 978-93-91768-01-0) 

103 
 

a result of these properties, when used as explants TCLs can be more receptive to 

environmental, chemical, or physical stimuli. TCLs may thus be beneficial when used in 

cause-and-effect style studies. 

B. The sensitivity of TCLs to different inputs from the in vitro environment is high. For 

example, light at the beginning of culture blocked shoot regeneration from leaf tTCLs of 

apple ‘Freedom’ completely (Dobranszki and Teixeira da Silva (2013). Due to their higher 

sensitivity to environmental factors, TCLs have been successfully applied for in vitro 

selection (Kozgar and Kahn,2012). 

C. The stress response caused by wounding can induce callus formation and differentiation. In 

TCLs the wounded surface of the explant is relatively higher than in a conventional explant. 

This may be one reason why TCLs may be a simple but practical solution for breaking 

recalcitrance to in vitro growth and morphogenesis, as was observed in Dendrobium 

aphyllum (Bhattacharyya et al., 2018). However, there is no guaranty that the increased 

callus production will increase organogenesis or somatic embryogenesis. Some organs, if 

used as conventional explants, may display a low morphogenic or organogenic potential, but 

can be involved in regeneration or even in mass propagation if TCLs are prepared from 

them, as was demonstrated in apple in vitro stem segment (tTCLs) for shoot regeneration 

(Teixeira da Silva and Dobranszki, 2015). 

D. In genetic transformation, it is advantageous to employ explants that have only a single 

tissue layer such as lTCLs or few layers such as the epidermis, especially where 

regeneration occurs from epidermal or sub-epidermal tissues (Nhut et al. 2003).  The use of 

TCL based regeneration systems would allow a greater surface area to be infected, although 

this can pose challenges in removing the Agrobacterium or avoiding excessive bacterial 

growth and explant contamination. However, Agrobacterium overgrowth can be 

successfully suppressed during transformation by using the Agrobacterium strain harboring 

the SacB-SacR gene cassette (Liu et al., 2016). In this construction the SacB-SacR gene 

cassette is used as a negative selection marker, which is able to hinder the overgrowth of 

Agrobacterium. Inserting SacB-SacR gene at the recA locus of Agrobacterium tumefaciens 

strain GV2260 made the Agrobacterium sensitive to the quantity of sucrose in the medium 

that is, its growth was inhibited when the sucrose content in the medium was increased. By 

contrast, the use of TCLs would effectively match the use of particle bombardment to 

introduce plasmid or other DNA constructs of interest, since the DNA coated 

microprojectiles would enter the few layers of tissues in a TCL. This should ensure that the 

greater proportion of tissue in a subsequent regeneration is genetically transformed. These 
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issues have previously been discussed in the context of orchid genetic transformation and 

biotechnology. 

E. If studies are conducted on morphoanatomical changes and morphogenesis, the use of TCLs 

is more beneficial because preparations of samples for light or electron microscopy is much 

easier from TLC explants than from thicker conventional explants, which would facilitate 

histological observations and confirmation of the origin of an organ. 

F. If the availability of plant material is limited during in vitro culture establishment or 

subcultures, it is beneficial to use TCLs as explants for increasing the number of explants 

and, thereby, the efficiency of the subculture and culture establishment. 

G. TCLs might actually be more productive than a conventional explant, especially when 

assessing the number of regenerating organs per source organ, even if the actual productivity 

per TCL is less than that from the conventional explant. This was demonstrated in 

Cymbidium hybrid, Chrysanthemum and Apple, when two new concepts the plant growth 

correction factor were applied. Across species, when these two factors were applied, the 

relative productivity of TCL explants was between 10-fold and 13-fold higher than that of 

conventional explants.  

Conclusions: 

The TCL system is a simplified system that requires only a small amount of plant 

material and medium volume and provides a good system for the study of fundamental and 

applied aspects of regeneration and transformation. The TCL system has been effectively utilized 

to study organogenesis and embryogenesis in ornamental and floricultural plant species and 

promises to be extended to the micropropagation of others. One of the strongest positive aspects 

of TCLs is the inherent capacity to strictly control an organogenic programme more than a 

conventional explants, which has multiply advantages and applications in plant tissue culture.    
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Abstract: 

Chitin is present in the exoskeletons of insects, fungus, yeast, and algae, as well as the 

internal structures of various vertebrates, and is the second most prevalent polysaccharide in 

nature after cellulose. Chitinases are enzymes that break down the chitin molecule. Chitinases 

have a role in the production of carbon and nitrogen in the environment. Chitin and chitinolytic 

enzymes are gaining popularity for their biotechnological applications, particularly chitinases, 

which are used to control infections in agriculture fields. Chitinases are used in human health 

care, particularly in the treatment of disorders such as asthma. Chitinases are used for a variety of 

things, including the production of pharmaceutically important chitooligosaccharides and N-

acetyl D glucosamine, the isolation of protoplasts from fungi and yeast, the control of pathogenic 

fungi, the treatment of chitinous waste, mosquito control and morphogenesis, and so on.  

Keywords: Chitinases, Chitinolytic Enzymes, Endochitinase, Exochitinases 

Introduction: 

Chitin is the second most abundant biopolymer on the planet, consisting of a linear 

polymer of -1, 4-N-acetylglucosamine (GlcNAC). [1] Chitin can be found in the outer skeletons 

of insects, fungi, yeasts, algae, crabs, shrimps, and lobsters, as well as other invertebrates' 

internal structures. [2] Chitin accounts for 20-58 percent of the dry weight of discarded shellfish 

(e.g. crab, krill, and shrimp) [3]. Chitin is used to increase the formation of extracellular chitinase 

among a variety of applications. Chitin and its derivatives are used in a variety of applications, 

including drug delivery, wound healing, dietary fibre, and waste water treatment. [4] Chitin is a 

white, hard, inelastic polysaccharide that contributes significantly to pollution in coastal areas 

[5]. Chitin has a high nitrogen content (6.89%), making it an effective chelating agent. [6] -chitin 

and -chitin are two allomorphic forms of chitin. The packing and polarities of adjacent chains in 

subsequent sheets differ between these two types of chitin. [7,8] Chitinase can break down 

chitin. Chitin is catabolized in two steps, with chitinases cleaving the polymer into chitin 

oligosaccharides and chitobiases cleaving the oligosaccharides into N-acetylglucosamine and 

monosaccharides [9]. 

Chitinases (EC 3.2.2.14) are glycosyl hydrolases that range in size from 20 to 90 kDa. [2] 

Bacteria, fungi, yeasts, plants, actinomycetes, arthropods, and humans are among the creatures 

mailto:kshirsagaraboli@gmail.com


Bhumi Publishing, India 

110 
 

that contain them. Chitinases may degrade chitin directly into low-molecular-weight 

chitooligomers, which can be used for a variety of industrial, agricultural, and medical purposes, 

including elicitor action and anti-tumor activity. [10] For the treatment of osteoarthritis, N-

acetylglucosamine (GlcNAc) has gotten a lot of interest. [11] Because of their role in the 

biocontrol of fungal phytopathogens[12] and hazardous insects, chitinases have gotten a lot of 

attention. [13] Chitinases have recently gotten a lot of interest because they're thought to be 

important in mosquito control and plant defence systems against pests. 

Endochitinases (EC 3.2.1.14) and exo-chitinases are the two main categories of 

chitinases. Endochitinases split chitin at random internal locations, creating the dimer di-

cetylchitobiose and soluble low molecular mass GlcNAc multimers such chitotriose and 

chitotetraose. [19] Exo-chitinases are further split into two subcategories: chitobiosidases (E.C. 

3.2.1.29), which catalyse the gradual release of di-acetylchitobiose from the non-reducing end of 

the chitin microfibril, and 1-4-glucosaminidases (E.C. 3.2.1.30), which cleave the oligomeric 

products of endochit [19]. The identification of different chitinases in Serratia plymuthica strains 

IC1270, IC14, and HRO-C48 has been carried out using this nomenclature. It has been reported 

that the strains IC14 and HRO-C48 create an endochitinase and a 100 kDa N-acetyl-1,4-D-

hexosaminidase or chitobiase, whilst the strain IC1270 generates N-acetyl—D-glucosaminidases 

of 89 and 67 kDa, a 50 kDa chitobios [21,22] When it comes to the amino acid similarity of 

chitinases from different organisms, five classes have been presented, and they've been divided 

into two families, which include glycosyl hydrolase families 18 and 19. [23] Plants, bacteria, 

fungi (classes III and V), mammals, and viruses are among the creatures that include family 18 

chitinases. Chitinases are additionally classified according to their N-terminal sequence, 

isoelectric pH, enzyme location, signal peptide, and inducers. Plants possess class I chitinases, 

but fungus, bacteria, and plants all contain class II chitinases. Class III chitinases have no 

sequence resemblance to class I or II chitinases. Class I chitinases share many of the same 

qualities as class IV chitinases, such as immunological properties, although they are much 

smaller. [24] 

Chitinases are a large and diversified family of enzymes with distinct molecular 

structures, substrate specificities, and catalytic mechanisms. [25] It's crucial to research 

chitinases' substrate specificity since it not only reveals the link between substrate specificity and 

physiological roles, but it also enables the degradation of chitin into innovative compounds with 

industrial applications. [26] All chitinase classes have diverse substrate specificities and reaction 

processes, according to research. Tobacco class III chitinases, for example, have a high level of 

lysozyme as well as chitinase activity, whereas class VI chitinases solely have chitinase activity. 

[27] To hydrolyze the -glycosidic bond, class I and class II chitinases require an inverting 

mechanism, whereas class III chitinases do not this through a retaining mechanism.[28,29] It has 
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been established by Sasaki et al. (2006) [30] that class III chitinases do not act against GlcNAc 

oligomer or polymer, but could be active on an endogenous complex carbohydrate containing a 

GlcNAc residue, whereas a GlcNAc sequence was the most likely substrate of the class I 

enzyme. 

The two groups of chitinases have completely different 3-dimensional (3D) structures 

and molecular processes, with no amino acid sequence commonality. As a result, they are likely 

to have descended from separate forebears. A number of conserved amino acid repeats make up 

Family 18. It is made up of an enzyme core with 8 strands of parallel sheets forming a barrel 

placed down helices, which then creates a ring on the outside. [31] The transglycosylation 

processes can be catalysed by GH family 18 chitinases. Transglycosylation products have 

previously been described for T. harzianum Chit42 and Chit33, as well as Aspergillus fumigatus 

ChiB1. [32] One of the structural hallmarks of chitinases seen in diverse mammals and 

microorganisms is a multidomain structure with catalytic domains and both a cysteine-rich 

chitin-binding domain (different from the catalytic domain) and a serine/threonine-rich 

glycosylated domain. [33] The similarity between bacterial and fungal chitinases suggests that 

their catalytic domains are the same. [34] 

The 8 cysteins inside the chitin-binding domain are highly conserved, according to a 

large analysis of chitin-binding domains in plant proteins. Plants also have chitin-binding 

proteins (CBPs) without chitinase activity that have a cystein-rich chitin-binding domain. [35] 

According to Poole et al., 1993 [36], the chitin-binding domain in bacteria differs from that in 

plants, which has eight conserved cystein residues. On the other hand, several amino acids, 

particularly tryptophan, are among the residues that are conserved in bacteria's chitin-binding 

domain, and their role in cellulase-cellulose binding has been discovered. Chitinases have also 

been linked to the binding of chitin by a non-catalytic chitin-binding protein. [37] Watanabe et 

al., 1997[38], discovered that just four amino acids in the catalytic domain are conserved across 

bacterial and plant class III chitinases. The chitin-binding domain of fungal chitinases is 

hypothesised to assist them connect to their substrate or cell wall. CTS1 and K1Cts1p have a 6-

cystein conserved area in their chitin-binding domains that is likely involved in protein-protein 

interaction or tertiary structure through disulphide bond formation. The C-terminal chitin-

binding domain in insect chitinases binds to the substrate and has a 6-cystein motif similar to 

nematode chitinases, according to Villagomez et al., 1996[39]. 

Bacterial chitinases 

The chitin-binding domain of bacterial chitinases can be found in either the amino 

terminal or carboxyl terminal domains of the enzyme. [40] The majority of the bacterial 

chitinases that have been identified and sequenced so far belong to glycosyl hydrolase family 18, 

with the exception of a chitinase (C-1) isolated from S. griseus IIUT 6037 that belongs to 
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glycosyl hydrolase family 19. [41] Unlike bacterial chitinases, this enzyme can only hydrolyze 

GlcNAc-GlcNAc and GlcNAc-glucosamine links; chitinase C-1 from S. griseus HUT 6037 can 

hydrolyze glucosamine-GlcNAc and GlcNAc-GlcNAc connections. As a result, chitinase C-1's 

catalytic site differs from that of other microbial chitinases. The non-catalytic domains of other 

bacterial lytic enzymes, such as chitinases, proteases, and cellulases, have sequence similarities 

with the amino terminal region of chitinase C-1, and it is thought that this domain is involved in 

chitin binding. [41] Serratia is another bacterial species that produces significant quantities of 

chitinolytic enzymes. [38,42] Bacterial chitinases have a molecular weight of 20-60 kDa, which 

is less than insect chitinases (40-85 kDa) but similar to plant chitinases (40-85 kDa). [2] 

Depending on the bacteria from which they were isolated, bacterial chitinases are active over a 

wide range of pH and temperatures. For example, Streptomyces violaceusniger endochitinase 

[43] and Streptomyces thermoviolaceus OPC-520 thermostable chitinase [16] have optimal 

temperatures of 28°C and 80°C, respectively. Furthermore, the final enzyme has a pH optimal 

range of 8.0 to 10.075, whereas Stenotrophomonas maltophilia C3 chitinase has a pH optimal 

range of 4.5 to 5.0. Bacterial chitinases have a wide range of isoelectric values as well (pI 4.5-

8.5) [38] 

Bacteria are thought to produce chitinases in order to provide nitrogen and carbon as a 

source of nutrients. [44] Chitinases are produced by bacteria primarily for the purpose of 

degrading chitin and using it as an energy source. Some chitinases of chitinolytic bacteria, such 

as the chiA gene products from Serratia marcescens and S. plymuthica, are potential agents for 

the biological control of plant diseases caused by various phytopathogenic fungi, according to 

Chernin, 1997[45] and Downing, 2000[46]. The latter enzymes break down the chitin in the 

fungal cell wall, preventing it from growing. Anti-fungal proteins like chitinases have a lot of 

biotech potential because they can be used as food and seed preservatives, as well as for 

engineering plants to be resistant to phytopathogenic pathogens. [47] Ordentlich (1988) [48] 

Sclerotium marcescens chitinolytic culture filtrate was found to be effective as a biocontrol agent 

against Sclerotium rolfsii. Family 18 contains the vast majority of known bacterial chitinases. 

[49] Since group A chitinases have been identified in the majority of bacterial chitinases studied 

thus far, it has been hypothesised that group A chitinase genes are more abundant in nature than 

enzymes from groups B or C. [50] Bacterial chitinases have multiple functional domains linked 

to the catalytic domain, such as the chitin-binding domain (CBD) and Wibronectin type III-like 

domain (Fn3 domains). Some bacterial chitinase has demonstrated the importance of CBD in the 

degradation of insoluble chitin. [51] Family 19 chitinases, on the other hand, have been 

discovered to be present only in a few bacterial strains and plants. [52] Several microorganisms, 

including Aeromonas sp. No. 10S-24, [53] Pseudomonas aeruginosa K-187 [3] Bacillus 

circulans WL-12, have been found to produce multiple chitinase-producing enzymes. [54] 
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Suzuki et al. (2002) [42] found that Chi A, Chi B, and Chi C1 of S. marcescens 2170 have a 

synergistic effect on chitin degradation. Despite having similar catalytic domains, Chi A and Chi 

B were thought to digest chitin chains in opposite directions, with Chi A beginning at the 

reducing end and Chi B beginning at the non-reducing end. 

Fungal chitinases 

Fungal chitinases, like bacterial chitinases, have a variety of functions because they are 

involved in nutrition, morphogenesis, and fungal development. Chitin is a major component of 

fungi's cell walls. [19] Class III plant chitinases have a high amino acid homology with fungal 

chitinases. [55] They are mostly members of the glycosyl hydrolase superfamily's family 18 [56]. 

 The catalytic domain,  

 N-terminal signal peptide region,  

 chitin-binding domain, 

 serine/threonine rich-region, and  

 C-terminal extension region  

Make up the basic structure of family 18 fungal chitinases. However, most fungal 

chitinases lack the serine/threonine rich-region, chitin-binding domain, and C-terminal extension 

region, which appear to be unnecessary for chitinase activity because naturally-occurring 

chitinases lacking these regions are still enzymatically active. Fungal chitinases are not as well 

classified as bacterial and plant chitinases, and are identified by their resemblance to bacterial or 

plant family 18 chitinases. [57] As a result, fungal chitinases have been classified as fungal/plant 

chitinases, which are class III chitinases that are related to class V chitinases found in plants, 

fungi, and bacteria. [57] Group C fungal chitinases are a novel group of fungal chitinases that 

have yet to be identified. They are predicted to be between 140 and 170 kDa in size, with two 

LysM domains and a chitin-binding domain. They've been compared to yeast killer toxins. 

Chitinases serve a variety of physiological and biological functions, including morphogenetic, 

autolytic, nutritional, and parasitic functions. In the yeast Saccharomyces cerevisiae, for 

example, disruption of the chitinase gene (CTS1) causes cell clumping and failure to separate 

after division, while functional expression of chitosanase and chitinase has been shown to 

influence morphogenesis (Schizosaccharomyces pombe). [58][59] (Lorito et al. (1994) [60] 

Ulhoa and Peberdy, 1991). Purification and molecular weights of three N-acetylglucosaminidaes 

(GlcNAcases) from various Trichoderma isolates were determined using sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis, or SDS-PAGE. The cloning of three GlcNAcase 

genes from Trichoderma sp., exc1, exc2, and nag1, was reported by Draborg et al. (1995) [61] 

and Peterbauer et al. (1996) [62]. Draborg et al. (1995) [61] and Peterbauer et al. (1996) [62] 

reported the cloning of 3 genes of GlcNAcases from Trichoderma sp.: exc1, exc2, and nag1. The 

genes exc1, exc2 were isolated from T25-1, thereby resulting in the conformation 
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that Trichoderma has 2 different GlcNcases. Lorito et al., 1998, [63] reported the isolation of 

about 42 kDa endochitinase from Trichoderma. As reported by Yamanaka et al., 1994 [64] 

Sandor et al., 1998 [65] Since the chitinase inhibitors demethylallosamidin or allosamidin 

inhibited the fragmentation of hyphae into arthroconidia, fungal cell wall chitinases have been 

linked to their role in filamentous fungal sporulation. Among the various chitinolytic fungi and 

bacteria, Trichoderma sp. have received the most attention as biocontrol agents in the case of 

soil-borne fungal pathogens. [66–68] Purification and characterization of chitinases and 1,3-

glucanases from Talaromyces flavus and Trichoderma sp. have been reported, as well as their 

role in mycoparasitism of soilborne pathogens such as Rhizoctonia solani, S. rolfsii, and 

Fusarium sp. [20,69,70] According to Harman (2000)[71] and Yedidia et al. (2000)[72], the 

beneficial effect of Trichoderma on fungi is due to its direct mycoparasitism, which causes 

induced resistance and increased development in fungi.                      

According to Yaun and Crawford (1995) [73], the antifungal biocontrol agent 

Streptomyces lydicus WYEC108 has the ability to damage the fungal cell wall hyphae as well as 

destroy Phytium ultimum germinating oospores. Chitinase genes from Trichoderma harzianum 

(such as ech42, chi33, nag1, chi18-13) have previously been shown to play an important role in 

mycoparasitism. [74,75] Disruption of the ech42 gene has been shown to affect mycoparasitism 

in T. harzianum. [76] T. harzianum isolate TM yielded a novel endochitinase called CHIT36, 

which was isolated. Viterbo et al., 2001.[77] Other important applications of fungal chitinases 

include the ability to improve plant resistance through genetic manipulation. T. harzianum's 

chi42 gene encodes a potent endochitinase with much stronger anti-fungal activity against a 

variety of phytopathogenic fungi and is expressed constitutively in apple, tobacco, and potato. As 

a result, these transgenic plants have a high level of resistance to phytopathogenic fungi. [63] 

Fungal chitinases are also used to control insects.  

Plant chitinases 

Chitinases are found naturally in plants, stems, seeds, flowers, and tubers. They are both 

developmentally and tissue-specific. Plant chitinases have been classified into 5 or 6 classes 

based on amino acid sequences. Globular domains are found in the key structure of enzymes of 

classes I, II, and IV. Class III and V plant chitinases have 8 -helices and 8 -strands. The former 

uses an inverting mechanism to hydrolyze the -1, 4-glycosidic linkage, while the latter uses a 

retaining mechanism. [78] Plant chitinases are pathogenesis-related proteins that are produced in 

plant self-defense in response to phytopathogen attack or by contact with elicitors such as 

chitooligosaccharides or growth regulators such as ethylene. [79] There are some chitinases, 

which are expressed in response to environmental stresses, (i.e., high salt concentration, cold, 

and drought). There are also reports of some chitinases, which take part in vital physiological 

processes of plants, like embryogenesis and ethylene synthesis.[78] Chitinase, which is a 
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polypeptide and a major pathogenesis-related protein, accumulates in the infected plant tissue 

extracellularly. Garg and Gupta, 2010 [80,81] reported the isolation and purification of chitinase 

from moth beans against the fungal pathogen Macrophomina Phaseolina strain 2165. The 

chitinases of plants can be detected during their development in the early stages of growth. The 

chitinases of plants are generally endochitinases of smaller molecular weight as compared to the 

chitinases of insects. 

Insect chitinases 

Chitinases found in insects such as Manduca sexta and Bombyx mori have been 

described. During ecdysis, when endochitinases randomly break the cuticle into 

chitooligosaccharides, which are then hydrolyzed by exoenzymes to N-acetyl-glucosamine, these 

enzymes play a critical role as degradative enzymes. The monomer is recycled to make new 

cuticles. Insect chitinases also play a defensive role against their own parasites, and the 

production of the enzyme is controlled by hormones during the larvae's transformation. Insect 

chitinases are inhibited by allosaminidin. [82] Crustaceans such as shrimp, krill, and prawns also 

contain chitinases.  

Mammalian chitinases 

Chitinases in mammals are members of the glycosyl hydrolase family 18 (GH18), which 

includes chitinase-like proteins with no enzymatic activity and enzymatically active true 

chitinases. [7] The first mammalian chitinase to be discovered was chitotriosidase. [83] The N-

terminal catalytic domain of GH18 family members contains a triose-phosphate isomerase fold, 

which is characterised by the (/)8-barrel structure, with the 4 strand containing a conserved 

sequence motif (DXXDXDXDXE, where D = aspartic acid, E = glutamic acid, and X = any 

amino acid) forming the enzyme's active site. The key residue donating a proton required for 

hydrolyzing the (1-4) glycosidic bond in chitin is glutamic acid.[84] The lack of chitinolytic 

activity in chitinase-like proteins is due to the substitution of this essential glutamic acid for 

glutamine, leucine, and isoleucine. The conserved chitin-binding aromatic residues on the triose-

phosphate isomerase barrel, on the other hand, are unaffected and can still bind to chitin with 

high affinity. [85] 

Methods of production of chitinase 

For the production of microbial chitinases, several methods have been used, including 

"fed-batch fermentation, continuous fermentation, and liquid batch fermentation." According to 

Khan et al., 2010 [86], in the presence of chitin, MgSO47H2O, and KH2PO4, yeast extract has a 

positive effect on chitinase production, whereas chitin has a negative effect on yeast extract. It 

was also reported that an increase in maltose and chitin concentrations increased chitinase 

secretion. At lower concentration levels, components such as MgSO47H2O, KH2PO4, and yeast 

extract demonstrated the highest chitinase secretion. According to Bhushan, 1998 [87] and 
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Dahiya, 2005 [88] Extracellular chitinase production is influenced by media constituents for 

nitrogen and carbon sources, as well as agricultural remains (e.g., wheat bran, rice bran, etc.). He 

also reported that when glucose was used in the production medium alongside chitin, it increased 

chitinase production. However, Miyashita et al., 1991, discovered that glucose inhibits the 

production of chitinase. [89] 

According to Bhushan (1998) [87], physical factors such as pH, aeration, and incubation 

temperature influence chitinase production. He also reported that increasing the concentration of 

amino acids and their analogues, such as tryptophan, tyrosine, glutamine, and arginine, in the 

growth medium stimulated chitinase production in Bacillus sp. BG-11 (0.1 mM). In order to 

boost chitinase production, several methods, such as biphasic cell systems, cell immobilization, 

solid-state fermentations, etc., have been used.[87,90] There have been reports of natural and 

synthetic enzyme inhibitors, as well as oxidizing/reducing agents and organic compounds. 

Allosomadin, a competitive inhibitor produced by Streptomyces sp., has been identified as a 

specific inhibitor of yeast, insects, fungi, and human serum chitinases. Allosamidin inhibits the 

enzyme by acting as a non-hydrolysable analogue of the oxazolinium ion intermediate. [91,92] 

Psammaplin A is a brominated tryrosine-derived compound that has gained recognition as a non-

competitive inhibitor of chitinase B from S. marcescens, which belongs to the family 18 

chitinase. A disordered Psammaplin A molecule binds near the active site, according to 

crystallographic studies. [93] Another chitinase inhibitor is argadin, which was isolated from 

Clonostachys sp. FO-7314.[94] Several attempts have been made with S. plymuthica [95] B. 

circulans WL-12, to carry out the cloning and expression of genes from various organisms into 

E. coli. [54] ChiA, a chitinase gene from family 18, was cloned and expressed in E. coli from the 

thermophilic species Rhodothermus marinus. The R. marinus chitinase is the most thermostable 

chitinase isolated from bacteria, according to Hobel et al., 2005[96]. Bacillus chitinase genes 

ChiCW and ChiCH have been cloned into the pGEX-6P-1 vector and expressed in E. coli as 

soluble glutathione S-transferase chitinase fusion proteins. [97] Many Streptomyces and non-

Streptomyces bacteria are known for producing chitin and are antagonistic to Sclerotinia minor, 

the pathogen that causes lettuce's basal drop. Streptomyces viridodiasticus and Micromonospora 

carbonacea were identified as high-level chitinase producers, which significantly reduced the 

growth of S. minor in vitro and under controlled greenhouse conditions, resulting in a reduction 

in disease occurrence. [98] 

Uses: 

Chitinases can be used to depolymerize chitin-containing biomass and turn it into useful 

components. Chitinases can be used to control plant pathogens such as fungi and insects. 

[99,100] Fungal protoplasts have been used as a powerful tool for studying cell wall synthesis, 

enzyme synthesis and secretion, and strain improvement in biotechnological applications. [101] 
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Chitinase activity also serves as a fungi activity indicator in the soil. There is a strong link 

between chitinase activity and the fungal population in the soil, according to research. As a 

result, chitinases activity appears to be a good indicator of actively growing fungi in the soil.. 

Miller et al., (1998) [102] by making use of specific methylumbelliferyl substrates reported the 

correlation of chitinase activity with the content of fungus-specific indicator molecules 18:2ωb 

phospholipid fatty acid and ergosterol. 

Medicinal functions 

Chitooligosaccharides have a lot of potential in the pharmaceutical industry. They play a 

role in root nodule formation signalling, act as elicitors of plant defence, and have the potential 

to be used in human medicine (e.g., anti-tumor activity is shown by chitohexaose and 

chitoheptaose). Murao et al., 1999 [103] reported that chitotriose was produced from colloidal 

chitin using a chitinase from Vibrio alginolyticus. By combining GlcNAc and a sugar oxazoline 

derivative, Kobayashi et al., 1997 [104] reported the use of Bacillus chitinase for the production 

of chitobiose. GlcNAc is an anti-inflammatory drug that is synthesised from glucose in the 

human body and then incorporated into glycoproteins and glycosaminoglycans.. GlcNAc has 

been shown to be an effective anti-inflammatory drug in the treatment of ulcerative colitis and 

other gastrointestinal inflammation disorders when administered orally, intravenously (IV), or 

intramuscularly (IM). [105] Horsch et al. (1997) [106] suggested that N-acetylhexosaminidase 

be investigated as a target for developing low-molecular-weight antifungals. Chitin and chitin 

binding proteins, according to Laine and Lo (1996) [107], can be used to detect fungal infections 

in humans. 

Chitinases play an important role in human health care. Chitinases have also been 

suggested as a way to boost the effectiveness of antifungal drugs in the treatment of fungal 

diseases. [108]  They could be used in anti-fungal creams and lotions because of their topical 

applications. Chitin derivatives have been used to make a variety of artificial medical items, 

including contact lenses, artificial skin, and surgical stitches. Because many of these chitin 

derivatives are non-toxic, non-allergic, biocompatible, and biodegradable, they have a wide 

range of medical applications. [109] Chitinases have a variety of other medical applications. 

Because mammals do not use chitin as an energy source or produce any chitinous structure, the 

first discovery of the involvement of acidic mammalian chitinase (AMCase) in the pathogenesis 

of asthma was novel and unexpected.[110] The importance of chitinases as a host defence 

effector in the mammalian immune system has been demonstrated by several lines of evidence. 

Humans lacking chitotriosidase, for example, have a higher rate of microfilarial infection due to 

reduced chitinolytic activity, allowing the parasite to thrive within the host.  

In vitro, recombinant human chitotriosidase inhibits Candida albicans hyphae formation, 

demonstrating antifungal activity and lowering mortality in neutropenic candidiasis and 
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aspergillosis mouse models. Zhu and co-workers, 1984 [110] Exaggerated quantities of AMCase 

were detected in the epithelial cells and macrophages of lung biopsies taken from asthma 

patients, which was the first clinically significant finding related to the role of chitinase in 

asthma. In the lungs of an ovalbumin-induced mouse asthma model, BAL fluid chitinase activity 

and AMCase levels were also reported to be induced. Furthermore, AMCase, serum, and lung 

tissue levels of a chitinase-like protein, YKL-40, have recently been discovered to be elevated in 

asthma patients. Furthermore, circulating YKL-40 levels in asthmatic subjects were found to be 

associated with lung sub-epithelial basement membrane thickening, the use of rescue inhalers, 

asthma severity, and deterioration in pulmonary function. [111].  

Despite the fact that mammals are unable to synthesise chitin, some chitinolytic enzymes 

or true chitinases (-e.g., acidic mammalian chitinase AMCase and chitotriosidases, or chitinases 

like proteins (CLPs)) or CBPs (e.g., breast regression protein 39 (BRP-39, chondrocyte protein- 

Chitinase activity is absent in mammalian chitinases, but it is present in AMCase and 

chitotriosidase. [112] Mammalian chitinases have enzymatic activity due to their chitin-binding 

domain, which consists of 6 cystein residues with chitin binding properties. [113] CLPs, on the 

other hand, lack a typical chitin-binding domain, but they still have a high chitin-binding affinity. 

[114] Because an essential glutamic acid residue has been replaced with leucine, CHI3L1 lacks 

chitinase activity, but it has a high chitinase affinity for chitooligosaccharides and chitin, which 

is due to conserved substrate binding cleft.[116] It's also been suggested that YKL-40/BRP-39 

plays a key role in the development of intestinal bowel disease as an active pathogenic mediator 

in acute colitis (IBD). Even though it lacks chitinolytic activity, YKL-40 is thought to play a role 

in tissue remodelling and inflammation. It can bind to chitin, type I collagen, hyaluronan, and 

heparin. [117] Various chitinase family proteins have been found to express constitutively in 

macrophages, the digestive tract, and pulmonary epithelial cells, indicating that they are the 

body's first line of defence against external agents, which include chitin-containing pathogens. 

[110,117] It has been reported that the development of Th2 inflammation in the human asthmatic 

airway, as well as in allergic animal models, is accompanied by an increase in the expression of 

AMCases in the lungs. [110]  

AMCases have also been shown to play a critical role in the activation of the IL-13 

effector pathway and the pathogenesis of Th2 inflammation. Studies of cancer, arthritis, and liver 

fibrosis have suggested that chitinase 3-like protein 1 (CHI3L1) plays a role in tissue 

remodelling and inflammation. [115,118] CaCO3, chitin, and protein are the main components of 

solid waste from shellfish processing. Their group used S. marcescens chitinase to hydrolyze 

chitinous material and yeast, Pichia kudriavzevii, to produce SCP that could be used in 

aquaculture.  Hensenula polymorpha, Candida tropicalis, S. cerevisiae, and M. verrucaria have 

been commonly used for the production of SCP. The chitinase from M. verrucaria and S. 



Frontiers in Life Science Volume VI 

    (ISBN: 978-93-91768-01-0) 

119 
 

cerevisiae have been used to produce SCP from chitinous waste by Wang and Hwang, 

2001.[119] M. verrucaria chitinase preparation for chitin hydrolysis and S. cerevisiae chitinase 

preparation for SCP have also been reported by these authors. Chitinases are used in a variety of 

fields, including agriculture and mosquito control. Chitinases can also be used as additives to 

supplement commonly used insecticides and fungicides, making them more potent while 

lowering the concentration of chemically synthesised active agents in the ingredients, which are 

otherwise harmful to human health and the environment. [120,121] Chitinases can also be used 

in the bioconversion of chitin waste into fertiliser. [122] The use of microorganisms as biological 

control agents or the secretions of microorganisms to prevent plant pathogens and insect pests 

gives us a compelling option to control plant diseases. As a result, biological control strategies 

have become a critical step toward achieving sustainable agriculture. [123] Chitinase-producing 

organisms could also be used as biocontrol agents, either directly or indirectly, through the use of 

purified proteins or through gene manipulation. [124] 

Future prospects: 

It may be possible to develop chitinases with new functions in the future. Chitinases have 

the potential to be used as food preservatives, extending the shelf life of foods. A thorough 

understanding of the biological functions of various chitinases would aid in the development of 

novel therapeutic approaches for a variety of diseases, including asthma and chronic 

rhinosinusitis. Since chitohexaose and chitoheptaose have shown anti-tumor activity, chitinases 

could be used as anti-tumor drugs. These enzymes can be used to boost the immune system of 

humans. This research could be focused on identifying the active sites of chitinases as well as the 

novel functions they have. Protein engineering can be used to create chitinases that have unique 

functions. 
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Introduction: 

World Health Organization (WHO) has counted Lymphatic Filariasis (LF) as Neglected 

Tropical Disease (NTD) which is a parasitic disease transmitted through mosquitoes to humans. 

It is commonly called as ‘Elephantiasis’ or Filariasis. It stands second in the list of diseases 

which leads to long term physical disability in the tropical and subtropical countries of the world 

(1). It is caused when the female mosquito sucks up blood along with round worms i.e. nematodes 

in the form of microfilariae from a carrier human being and bites to a healthy human being. The 

neamtodes which are attributed as the pathogens of this disability are Wuchereria bancrofti, 

Brugia malayi and Brugia timori (2,3,4,5). These parasites are sucked up and transmitted to healthy 

humans as vectors by mosquito genera like Aedes, Culex and Anopheles(3,6,7, 8). These parasites, 

after entering a healthy person’s body, migrate to stay in the lymphatic vessels thereby causing 

impairment in lymphatic functions (7). Broadly, the symptoms can be divided into two types a. 

Lymphoedema which refers to abnormal swellings in legs, arms and breasts, b. Hydrocoele is an 

accumulation of fluid in the scrotal sac (9). It is recorded that 25 million males were diagnosed 

with filarial hydrocoele whereas lymphoedema was observed in 15 million people (9) with 1.4 

billion people living in the endemic countries in 73 countries  with over 120 million people 

currently affected (10). India has 650 millions of people living in 257 filaria endemic districts 

from 21 states and Union Territories of the country (11) that accounts for 40% of the world’s 

burden of LF (12). In the year 2000, World Health Organization (WHO) introduced Global 

Program to Eliminate Lymphatic Filariasis (GPELF) by 2020 but currently, the target is changed 

as 2030(13). The endemic population is supplied with Ivermectin, Diethylcarbamazine citrate and 

Albendazole though Mass Drug Administration (MDA)(7,8,9,10,13). Since the GPELF was 

launched, 74% reduction was recorded in new cases from the endemic countries(14) Researchers 

across the world have been reporting that the compliance of the drugs through MDA could not 

meet the expected success because of the low degree of knowledge about LF in the endemic 

population. For the complete eradication of this neglected tropical disease, people’s awareness 
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may play a crucial role. Improper knowledge of the disease may lead to carelessness in 

preventive and controlling practices (15, 16). 

The Pathogen: 

Wuchereria bancrofti is a  nematode i.e. a roundworm that causes lymphatic filariasis 

along with three other parasitic worms, Brugia malayi and B. timori, infecting the lymphatic 

system. W. bancrofti is found in most of the cases than the other two pathogens.  

Phylum: Nematoda 

Class: Chromadorea 

Order: Rhabditida 

Family: Onchoceridae 

Genus: Wuchereria 

Species: bancrofti 

Vector: 

The filarial worms i.e. nematodes are sucked up by female mosquitoes when they bite a 

carrier person and are injected into a healthy human being thereby causing the transmission of 

this disease. Worldover, Culex quinquefasciatus is attributed for the transmission but there are a 

wide range of mosquitoes which can transmit the parasite. This differs as the geographical area 

changes. e.g. in Africa, it is transmitted by  Anopheles while in America, by 

 Aedes and Mansonia is credited for the transmission in some parts of Asia. 

 Classification: 

Phylum: Arthropoda 

Class: Insecta 

Order Diptera 

Family: Culicidae 

Genus: Culex 

Species: quinquesfasciatus 

Life Cycle: 

During a blood meal, an infected mosquito introduces third-stage filarial larvae onto the 

skin of the human host, where they penetrate into the bite wound. They develop in adults that 

commonly reside in the lymphatics. The female worms measure 80 to 100 mm in length and 0.24 

to 0.30 mm in diameter, while the males measure about 40 mm by .1 mm. Adults produce 

microfilariae measuring 244 to 296 μm by 7.5 to 10 μm, which are sheathed and have nocturnal 

periodicity, except the South Pacific microfilariae which have the absence of marked periodicity. 

The microfilariae migrate into lymph and blood channels moving actively through lymph and 

https://en.wikipedia.org/wiki/Nematode
https://en.wikipedia.org/wiki/Lymphatic_filariasis
https://en.wikipedia.org/wiki/Brugia_malayi
https://en.wikipedia.org/wiki/Brugia_timori
https://www.cdc.gov/parasites/lymphaticfilariasis/gen_info/vectors.html#Culex
https://www.cdc.gov/parasites/lymphaticfilariasis/gen_info/vectors.html#Anopheles
https://www.cdc.gov/parasites/lymphaticfilariasis/gen_info/vectors.html#Aedes
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blood. A mosquito ingests the microfilariae during a blood meal. After ingestion, the 

microfilariae lose their sheaths and some of them work their way through the wall of the 

proventriculus and cardiac portion of the mosquito’s midgut and reach the thoracic muscles. 

There the microfilariae develop into first-stage larvae and subsequently into third-stage infective 

larvae. The third-stage infective larvae migrate through the hemocoel to the mosquito’s 

prosbocis and can infect another human when the mosquito takes a blood meal (18) 

Symptoms: 

Lymphatic filariasis infection involves asymptomatic, acute, and chronic conditions. The 

majority of infections are asymptomatic, showing no external signs of infection while 

contributing to transmission of the parasite. These asymptomatic infections still cause damage to 

the lymphatic system and the kidneys and alter the body's immune system. 

When lymphatic filariasis develops into chronic conditions it leads to lymphoedema 

(tissue swelling) or elephantiasis (skin/tissue thickening) of limbs and hydrocele (scrotal 

swelling). Involvement of breasts and genital organs is common. Such body deformities often 

lead to social stigma and sub-optimal mental health, loss of income-earning opportunities and 

increased medical expenses for patients and their caretakers. The socioeconomic burdens of 

isolation and poverty are immense. 

Acute episodes of local inflammation involving skin, lymph nodes and lymphatic vessels 

often accompany chronic lymphoedema or elephantiasis. Some of these episodes are caused by 

the body's immune response to the parasite. Most are the result of secondary bacterial skin 

infection where normal defenses have been partially lost due to underlying lymphatic damage. 

These acute attacks are debilitating, may last for weeks and are the primary cause of lost wages 

among people suffering with lymphatic filariasis. 

Treatment: 

Large scale treatment through preventive chemotherapy (it can also be called as Anti-

parasitic treatment) is possible in eliminating LF from the world. Mass Drug Administration 

(MDA) is the strategy adopted by World Health Organization (WHO) wherein at risk population 

is administered with anti-filarial drugs. The medicines used have a limited effect on adult 

parasites but effectively reduce the density of microfilariae in the bloodstream and prevent the 

spread of parasites to mosquitoes. The drugs supplied through MDA are as follows (19): 

1. Diethylcarbamazine citrate (DEC): 

It is a drug generally used as an anti-parasitic drug, killing certain adult parasites as well 

as microfilariae in the body. Earlier, it was used to be supplemented with Albendazole 
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but according to the recent recommendations of WHO, it should be given with 

Ivermection (200 mcg/kg) and Albendazole (400mg). 

2. Ivermectin: 

This medication is used to treat certain parasitic roundworm infections(20). Ivermectin is 

effective against the microfilariae of W. bancrofti, but has no effect on the adult 

parasite(18). 

3.  Albendazole: 

Albendazole, also known as albendazolum, is a medication used for the treatment of a 

variety of parasitic worm infections. It is useful for giardiasis, trichuriasis, filariasis, 

neurocysticerosis etc (21). 
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