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FOREIGN DIRECT INVESTMENT AND ITS IMPACT ON INDIAN ECONOMY 

Dr. Sanjay B. Shinde 

MES Arts Commerce and Science College, Sonai, A.Ngar 

profsanjayshinde@gmail.com 

ABSTRACT  

Foreign direct investment plays vital role in achieving rapid economic growth in our country. In fact FDI 

mostly flows towards the developed countries and only a small portion of FDI flows to a limited number 

of developing countries. Our country is also part of small portion; however, India has continuously 

trying to attract FDI for the purpose economic growth and development.  This paper firstly identifies 

the influential factors that determine FDI inflow in the developing countries it includes various rules 

and regulations provided by Indian government and secondly understand the current situation of our 

economy and economic growth and FDI. It is found that countries with larger GDP and high GDP growth 

rate and maintain business friendly environment with abundant modern infrastructural facilities. 

Foreign direct investment as a strategic component of investment is needed by India for achieving the 

economic reforms and maintains the pace of growth and development of the economy. The study tries 

to find out how FDI seen as an important economic catalyst of Indian economic growth by stimulating 

domestic investment, increasing human capital formation and by facilitating the technology transfers. 

The main purpose of the study is to investigate the impact of FDI on economic growth in India. 

KEYWORDS 

Economic growth, foreign direct investment, inflow, Human Capital 

INTRODUCTION 

Foreign Direct Investment has contributed significantly to growth and development in many 

developing countries over the last three decades, although, the benefits have not been evenly 

distributed. The countries that have benefited the most are those in which the conditions for 

harnessing inflows of foreign capital were in place and the opportunities and risks associated with 

current and future market developments were clearly understood by both investors and host country 

policy makers. These include – political stability, investments-friendly regulatory and policy 

frameworks, skilled or easy-to-train manpower, market size or proximity to large markets with minimal 

trade and physical barriers, etc. However, several developing countries have seen FDI’s contribution to 

growth (in terms of GDP) at very high rates even without the development-friendly conditions in place.  

OBJECTIVES OF THE STUDY 

1. To know about foreign direct investment  

2. To study the various determinants of FDI 

https://www.ijitmr.com/
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3. To know the current situation of Indian economy due to FDI policies  

RESEARCH METHODOLOGY 

The present research paper is fully based on secondary source of data, which is collected through 

various books, journals, internet web sites etc. 

Foreign Direct Investment: 

FDI plays an important role in promoting economic growth, raising a country’s technological level, and 

creating new employment in developing countries. It has also been shown that FDI works as a means 

of integrating developing countries into the global market place and increasing the capital available for 

investment, thus leading to increased economic growth needed to reduce poverty and raise living 

standards. At the same time many countries have understood the role played by FDI and they have 

taken steps to remove investment barriers. For the purpose of attracting FDI, many countries have 

implemented incentives including tax exemption, government pledges, tariff reduction on equipment 

and machinery imports, subsidy, etc. 

FOREIGN DIRECT INVESTMENT IN INDIA  

Foreign direct investment (FDI) is direct investment by a company in production located in another 

country either by buying a company in the country or by expanding operations of an existing business 

in the country. Foreign direct investment is done for many reasons including to take advantage of 

cheaper wages in the country, special investment privileges such as tax exemptions offered by the 

country as an incentive to gain tariff-free access to the markets of the country or the region.  

FDI INDIA  

Foreign Direct Investment (FDI) in India is undertaken in accordance with the FDI policy formulated 

and announced by the Government of India and is governed by the provisions of Foreign Exchange 

Management Act, 1999.  

Determinates of FDI: 

ENTRY ROUTES FOR INVESTMENT IN INDIA  

Under the Foreign Direct Investments (FDI) Scheme, investments can be made in shares, mandatorily 

fully convertible debentures and mandatorily fully convertible preference shares of an Indian company 

by non-residents through two routes: 

Automatic Route  

FDI up to 100 per cent is allowed under the automatic route in all activities/sectors except where the 

provisions of the consolidated FDI Policy on 'Entry Routes for Investment' are attracted.  FDI in sectors 

/activities to the extent permitted under the automatic route does not require any prior approval 

either of the Government or the Reserve Bank of India. 
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Government Route  

FDI in activities not covered under the automatic route requires prior approval of the Government 

which is considered by the FIPB, Department of Economic Affairs, and Ministry of Finance.  Indian 

companies having foreign investment approval through FIPB route do not require any further clearance 

from the RBI for receiving inward remittance and for the issue of shares to the non-resident investors. 

CALCULATION OF TOTAL FOREIGN INVESTMENT  

(i) Direct Foreign Investment: All investment directly by a non-resident entity into the Indian company 

would be counted towards foreign investment.  

(ii) Indirect Foreign Investment:  

(a) The foreign investment through the investing Indian company would not be considered for 

calculation of the indirect foreign investment in case of Indian companies which are owned and 

controlled by resident Indian citizens and/or Indian Companies which are owned and controlled by 

resident Indian citizens.  

(b) For cases where condition (a) above is not satisfied or if the investing company is owned or 

controlled by ‘non- resident entities‘, the entire investment by the investing company into the subject 

Indian Company would be considered as indirect foreign investment, provided that, as an exception, 

the indirect foreign investment in only the 100% owned subsidiaries of operating-cum-

investing/investing companies, will be limited to the foreign investment in the operating-cum-

investing/ investing company. 

FDI and Economic Development 

FDI is considered to be the life blood and an important vehicle of for economic development as far as 

the developing nations are concerned. The important effect of FDI is its contribution to the growth of 

the economy. FDI has an important impact on country’s trade balance, increasing labour standards 

and skills, transfer of technology and innovative ideas, skills and the general business climate. FDI also 

provides opportunity for technological transfer and up gradation, access to global managerial skills and 

practices, optimal utilization of human capabilities and natural resources, making industry 

internationally competitive, opening up export markets, access to international quality goods and 

services and augmenting employment opportunities. The present situation of foreign direct 

investment shown in the following table, it helps to understand the current situation of FDI inflow in 

Indian economy.   

                                                                     Flow of FDI 

Year FDI (Crore) 

2000-01 12645 
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2002-03 14932 

2003-04 12117 

2005-06 24613 

2006-07 70630 

2007-08 98664 

2008-09 85700 

2011-12 110350 

                               (Source: UNCTAD Report 2012) 

Data presented in the above table shows the inflow of FDI in our economy, there is continuous upward 

trend in FDI, in the year 2011-12 110350 crores FDI recorded in our country, because some changes 

has been taken place in FDI policy. Increase in the inflow of FDI helps to decrease in the deficits of 

Balance of payment and this will directly effects to development of GDP and growth of the economy.  

Foreign direct investment has always positive for impact on economy. It helps to steady development, 

and growth of the economy.  

Foreign investment was introduced in 1991 under Foreign Exchange Management Act (FEMA), driven 

by then finance minister Manmohan Singh. As Singh subsequently became the prime minister, this has 

been one of his top political problems, even in the current times. India disallowed overseas corporate 

bodies (OCB) to invest in India. India imposes cap on equity holding by foreign investors in various 

sectors, current FDI limit in aviation sector is maximum 49%. Starting from a baseline of less than $1 

billion in 1990, a 2012 UNCTAD survey projected India as the second most important FDI destination 

(after China) for transnational corporations during 2010–2012. As per the data, the sectors that 

attracted higher inflows were services, telecommunication, construction activities and computer 

software and hardware. Mauritius, Singapore, US and UK were among the leading sources of FDI. 

Based on UNCTAD data FDI flows were $10.4 billion, a drop of 43% from the first half of the last year.  

The reliance on FDI is raising heavily due to its al round contributions to the growth of the economy. 

FDI to developing countries since 1990’s is the leading source of external financing. The rise in FDI 

volume is accompanied by marked change in its composition. 

CONCLUSION 

Main and important impact of Foreign Direct Investment is sustained economic growth and 

development through creation of jobs, expansion of existing manufacturing industries, short and long 

term project in the field of healthcare, education, research and development etc. with this regards 

Government should design the FDI policy such a way where FDI inflow can be utilized as means of 

enhancing domestic production, savings and exports through the equitable distribution among states 
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by providing much freedom to states, so that they can attract FDI inflows at their own level. FDI can 

help to raise the output, productivity and export at the sectoral level of the Indian economy. However, 

it can observed the result of sectoral level output, productivity and export is minimal due to the low 

flow of FDI into India both at the macro level as well as at the sectoral level. Therefore for further 

opening up of the Indian economy, it is advisable to open up the export oriented sectors and higher 

growth of the economy could be achieved through the growth of these sectors. 
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STUDY OF PEST ON MAIZE AND MARK OF IDENTIFICATION OF ARMY WORM AROUND SRIRAMPUR 

TAHSIL REGION 

P.S. Kadam 

K.J. Somaiya College of Arts, Commerce and Science, Kopargaon Ahilyanagar, 

Maharashtra, India 

Savitribai Phule Pune University 

kadampriyanka7992@gmail.com 

ABSTRACT 

Army worm is economical pest on Maize; this study is done to analyse the biodiversity and carry out 

the identification of army worm. The Sample were collected by using Visual search, Net method and 

Hand-picking method and light trap method. The Study was conducted lakh region from the present 

study it was revealed that maize filed and forms of maize in local residential area. A study was 

conducted in Ahmednagar, India, with the goal of identifying the new invasive pest infesting maize at 

the time of the study. he fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), 

is a destructive pest that causes serious damage worldwide, particularly to maize cultivars. 

KEYWORDS 

Army worm, Visual search, spodoptera frugiperda, Mythimna unipuncta, Spodopterda frugiperda 

INTRODUCTION 

Hybrid corn fields located in Lakh village in Ahmednagar district of Maharashtra showed distinct 

damage symptoms. It was evident from the damage to the plants that they were showing characteristic 

symptoms of shot holes and ragged leaves. Developing cobs were also damaged with typical symptoms 

of fall armyworm damage. As the larvae observed were different from known lepidopteran species. 

The larvae found to be fully developed were confined to whorls and were found to be feeding in the 

gaps between the leaves, showing distinctive symptoms of raggedness. Larvae observed were different 

from known lepidopteran species infesting maize crop. In laboratory larvae were reared till adult stage, 

adults were allowed to mate and in the next generation all the stages were examined in detail. The 

different pest is also seen in maize like the stem borers and storage insect pests (Sitophilus weevils and 

Sitotroga cereallela) of maize. The fall armyworm is active at a different time of year from the true 

armyworm, another species in the order Lepidoptera and family Noctuidae, but of the genus 

Mythimna. Outbreaks of the true armyworm usually occur during the early part of the summer; the 

fall armyworm does most damage in the late summer in the southern part of the United States, and 

early fall in the northern regions This pest completes its life cycle on corn in 30 days (in warm 

summers). It may take 60-90 days in colder temperatures. Effective control of fall armyworms requires 
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the use of an integrated approach with a variety of tools such as cultural control, agricultural 

management, breeding resistance, natural enemies and environmentally benign pesticides During the 

study, an adult male and a female were confined in a cylindrical oviposition cage made of mylar plastic 

that was shaped like a cone. Ten pairs were prepared in this manner. The cylinder was covered with 

wax paper on the top and bottom as well as on the sides so that oviposition could occur.  They were 

provided with cotton soaked in 10% sugar solution as food source.   A total of 60 neonates (freshly-

hatched larvae) were harvested from the progeny of these parental stocks and transferred individually 

to fresh corn leaves, where they were reared in plastic plates until they pupated. The morphological 

features of the different instars were observed and recorded along with 1) Incubation period; 2) 

Development period from the first instar to the sixth instar 3) Pupal period and 4) Post–developmental 

periods: a. Pre-oviposition period (the time adult female emerged to the time the first mass of eggs is 

laid b. Oviposition period (egg laying period) c. Post oviposition period (the time female stopped laying 

eggs till death; d) Longevity of male and female adults - the time from adult emergence till their death; 

e) Fecundity - number of egg-masses and number of eggs per egg-mass laid in the lifetime of adult 

females; f) Hatchability of eggs - taken by counting the number of neonates that hatched from all egg-

masses laid by a female in her lifetime. All stages of the pest can be detected visually, with a hand lens 

for early stages, and specimens can be collected by hand or a sweep net (adults). In the field and in 

production-, storage-, handling- and other facilities adults can also be detected with the aid of light 

traps and pheromone baited traps. Pheromone baited traps allow adult males to be caught and light 

traps catch both female and male adults. Adults can sometimes be found and collected by hand; all 

periods of observations were taken in days. They Army worm complete their life cycle in egg larvae 

pupa and adult The life cycle is completed in about 30 days during the summer, but 60 days in the 

spring and autumn, and 80 to 90 days during the winter. The number of generations occurring in an 

area varies with the appearance of the dispersing adults. The ability to diapause is not present in this 

species.  

1.Egg 

A mass of eggs is deposited on the underside of a leaf in layers, Eggs are white covered with greyish 

colored scales. 

2. Larva 

 There were light greenish larvae of the first instar with black heads and bodies It is noted that the 

mature larvae were marked with a whitish inverted 'Y' Several black spots are visible on the head. The 

four black spots on the eighth abdominal section were arranged in a square and at the 1 to seventh 

and 9th segment arranged in a trapezoidal sample 
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3. Pupa 

A Reddish brown in colour with cremaster 

4.Adult 

Grey-brown male adult. The front wings are shades of Gray and brown oval or oblique orbital spots 

near triangular white spot stipe of the front wing. For adult women Forewings lack uniform grey-brown 

distinct markings spotted colouring. we also received culture Rajkot and Amreli districts of Gujarat and 

morphologically Larval characteristics were similar to those described above Characteristics of S. 

frugiperda. India is a country where we find the richness in both flora and fauna Army worm are the 

popular pet on maize. The diversity among various species and its habitat shows the co- related 

between them. Few pest of maize shows much diverse habitat including litter depth, leaves of maize 

small shoot of maize and stem of maize such diversity patter can provide much more important 

information to identify and justify the ecosystem and its damage on maize crop. The include in 

Nocturdy family, generally lives on underside of leaves of plant. 

MATERIAL AND METHOD 

The study is based on material collected from local residential area from region and farm of lakh region 

in Srirampur region and its surrounding area by visual method and net capture method and moth of 

spodoptera species by light trap and insect collection trap 

Study site Geographical location Habitat type 

Srirampur tehsil region 19 ̊62’N 72 ̊66’E Tropical wet climate with 
average temperature ranging 

between   37℃ 42℃ 

 

The study was conducted in march 2025 during morning hours   between 7am to 10am. Three methods 

were used for collection viz visual search Net method and hand-picking method. The easiest way to 

capture and collect pest om maize  

Visual search method 

In this method we walk through the maize farm and habitat and visually for Army worm on a filed 

through this method we can check under crop of maize leaves and shoot of maize crop and stem of 

maize crop also found some pest around maize crop. 

1. Net method 

An Arial net with long tapered tail is made of a light weight mesh. It is used to collect organism on the 

top of flower of maize and other vegetation part of the plant. 

2. Hand picking method 
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Hand picking is a good choice a soft pain thrash or cotton swab could be used to gently          knock the 

specium into a collection vial or it could into a collection vial or it colued be carefully picked off by hand 

3. Light trap method  

It comprises of a light source as an attractant and a funnel to direct lured insects into the insect 

collecting chamber. Funnel supports three baffles which are joined at the top. A hook has been 

provided at the top portion to install the light trap in the crop fields. 

OBSERVATION 

In the study of pest on maize Army worm having four species of army worm and one species of bugs 

one species of Grasshopper point that were considered for the study and identification of Army worm 

are as follows 

A] Habitat 

 Fall armyworms are not known to diapause and so cannot survive the winters in temperate climes. 

The fall armyworm is native to the tropical regions of the western hemisphere from the United States 

to Argentina. It normally overwinters successfully in the United States only in southern Florida and 

southern Texas. The fall armyworm is a strong flier, and disperses long distances annually during the 

summer months. It is recorded from virtually all states east of the Rocky Mountains; however, as a 

regular and serious pest, its range tends to be mostly the southeaster states. Found in temperate zones 

and tropical areas, Spodoptera exigua occupies a habitat that ranges from crop and grass fields to 

temperate and tropical forests. 

B] Behaviour 

1. Spodoptera frugiperda  

The head has a reticulate pattern and is variable in colour, from yellowish to very dark brown; the 

thoracic shield is the same colour as the head. It has no dark dorsal or subdorsal segmental patches. It 

has conspicuous dark pinacula2 and the texture of the skin is granulose. The dorsal pinnacular on 

abdominal segment 8 and especially 9 are large and have a typical arrangement: on segment 8 they 

are arranged in a square, on segment 9 in a trapezoid. The anal plate has dark elongate patches. 

2. Mythimna 

The wingspan is 36–44 mm. Forewing pale greyish rufous, speckled with dark; lines indistinct, dark 

grey; the outer regularly lunulate-dentate, the teeth marked by black dashes on veins; reniform stigma 

obscure, ending in a cloudy pale spot at lower end of cell; hindwing greyish ochreous; ventral tufts 

black. The species varies in coloration: 

3. Spodoptera exigua 
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A beet armyworm larva does not tolerate cold very well, but it can overwinter and pupate by digging 

into the soil to form a chamber that is held together by thin strands of silk. It prefers to form a pupation 

chamber in the soil directly beneath the canopy of its host plants. In its larval stage, Spodoptera exigua 

is gregarious, particularly in its feeding habits as a first and second instar; large numbers of individuals 

have been observed feeding together  

4. Spodoptera litura 

An important characteristic of S. littoralis and S. litura are small yellow to white dots at the base of the 

black patches on the second and third thoracic segment these dots distinguish both Spodoptera 

species from the non-quarantine African and Asian Spodoptera species.1 In the later instars  the black 

patches on the segments may fade completely, even those on the thorax and abdominal segments 1 

and 8. The yellow to white dots on the second and third thoracic segment however remain visible, 

although sometimes faintly . Last instar larvae are 40–45 mm long. 

CONCLUSION 

From the study we can conclude that variety of pest and Army worm found in the study area from all 

three habitat When compared it was found that Army warm four species are very common in maize 

and can cause damage to maize crop there the study proves the variety of pest are present on maize 

in Srirampur tehsil region. Fall armyworm incidence was noticed Hybrid corn field located in Lakh 

village, Ahmednagar District, Maharashtra on 20th march 2025 
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ABSTRACT 

The primary objective of this research was to create an effective mucoadhesive buccal patch with 

optimized formulation properties that would promote drug absorption through the buccal pathway. 

Methods: HPMC K15M and Neem Gum were used to develop mucoadhesive buccal patches using a 3² 

full factorial design. Physicochemical properties, drug-excipient compatibility (FTIR, DSC), ex-vivo 

permeation, and stability studies were conducted to characterize the formulations. Design Expert 

software was used to perform the optimization. Results: FTIR and DSC studies showed the drug's and 

excipients' compatibility in the formulation. The tensile strength of the optimized formulation (MF9) 

was found to be 18.73±0.36 N/mm², mucoadhesive strength of 9.8±0.39 N, and ex-vivo adhesion time 

of 9.6±0.58 hr, indicating superior characteristics as compared to existing methods. Maximum drug 

permeation of 91.07%, flux of 13.45 µg/cm²/h, and permeability coefficient of 3.74 cm/h were found 

in ex-vivo permeation studies over eight h. The drug release was first-order kinetics (R²=0.9832). The 

accelerated stability studies at 40±2°C and 75±5% RH showed that the formulation contained minimal 

variation in critical parameters and was stable for at least 6 months. Conclusion: The developed 

mucoadhesive buccal patch was revealed to improve marrubiin delivery through a combination of the 

best polymers and showed excellent stability. It is a potential non-invasive approach compared to the 

conventional oral administration. 

KEYWORDS 

Marrubiin, Mucoadhesive buccal patch, HPMC K15M, Neem Gum, Ex-vivo permeation, Factorial design 

INTRODUCTION 

Diabetes mellitus is one of the significant health challenges of the 21st century, affecting about 537 

million adults in the world in 2021 and is projected to reach 783 million adults in 2045. Chronic 

hyperglycemia with defects in insulin secretion, insulin action, or both defines this metabolic disorder. 

Type 2 diabetes mellitus (T2DM) is the overwhelming majority (90–95%) of all diabetic cases, and its 

development is linked to lifestyle factors, obesity, as well as genetic predisposition. Patient quality of 

life is severely affected by the complications of the disease, which include cardiovascular diseases, 

nephropathy, retinopathy, and neuropathy. Global health expenditure in diabetes management is huge 
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at USD 966 billion annually. While currently effective, the use of oral hypoglycemic agents and insulin 

therapy has challenges, including gastrointestinal side effects, weight gain, and the requirement for 

frequent administration, clearly demonstrating a need for alternative treatment strategies. 

The natural compound, Marrubiin, isolated from Marrubium vulgare L. (white horehound), has 

shown promise as a natural agent for diabetes management. Recent studies have established its 

tremendous anti-diabetic properties mediated by multiple mechanisms of action. Marrubiin first 

enhances glucose uptake in skeletal muscle cells by activating the AMPK (AMPK-activated protein 

kinase) pathway, and second augments GLUT4 translocation to the plasma membrane directly. 

Moreover, the insulinotropic effects consist of induction of insulin secretion by pancreatic β cells and 

attenuation of glucotoxicity-induced apoptosis. It also exhibits excellent antioxidant and anti-

inflammatory properties that are indispensable to preventing diabetes-associated complications. 

Marrubiin can inhibit intestinal α-glucosidase and α-amylase enzymes and slow carbohydrate 

absorption, but marrubiin is also glucose lowering in humans. Due to these multiple therapeutic 

actions, their natural origin, and their favorable safety profile, marrubiin is a promising candidate for 

diabetes treatment. 

In recent years, the use of buccal drug delivery as an alternative route to administer 

therapeutics, especially for drugs with poor oral bioavailability and drugs that require sustained 

release, has received significant attention. Several advantages of buccal mucosa as a drug delivery site 

are its rich vascularity, large surface area and high permeability for many drugs. In particular, using 

buccal patches provides superior advantages over conventional oral routes of administration and other 

delivery systems. They are metabolized in the liver once they bypass first-pass hepatic metabolism, so 

they have greater bioavailability and lower dose requirements. The controlled release nature of the 

buccal patch guarantees a constant drug plasma concentration and, thus, a decreased frequency of 

administration with improved patient compliance. Buccal patches are also easily applied and removed 

if adverse effects occur and are a patient-friendly dosage form. These patches are pronounced 

mucoadhesive, permitting long contact time with the buccal mucosa, thereby enhancing drug 

absorption and therapeutic efficacy. 

The present research aims to develop and optimize a novel buccal patch formulation with 

marrubiin to increase the anti-diabetic effect. Formulation development using various mucoadhesive 

polymers and penetration enhancers and physicochemical characterization of the developed patches, 

ex-vivo permeation studies using goat buccal mucosa, and stability studies to determine the stability 

of the optimized formulation. The study will also determine the mucoadhesive strength and residence 

time of the patches are also studied in the study. 
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MATERIALS AND METHODS 

Materials 

Marrubiin was purchased from supplier Sciquaint Innovations OPC Private Limited, Pune, 

India. Research Lab Fine Chem Industries, Mumbai, supplied Hydroxypropyl methylcellulose K15M, 

and Neem gum was purchased from Indianjudibhuti, Delhi. PEG 400 was purchased from Merck 

Limited, Mumbai. All the chemicals and reagents for this study met analytical grade requirements. 

Methods 

Calibration Curve of Marrubiin  

Marrubiin solutions were prepared in phosphate buffer pH 6.8. Marrubiin (10 mg) was 

accurately weighed and dissolved in 100 ml phosphate buffer to give a stock solution of Marrubiin (100 

µg/ml). Then from the stock solution, different volumes (0.5ml, 1.0ml, 1.5ml, 2.0ml, 2.5ml, 3.0ml) were 

taken and diluted to the mark with phosphate buffer to make different solutions of different 

concentrations, i.e. (5µg/ml, 10µg/ml, 15µg/ml, 20µg/ml, A UV visible spectrophotometer was used 

to measure the absorbance of these solutions at 254nm wavelength and a calibration curve was 

constructed. 

Determination of Solubility 

Different solvents such as water, ethanol, methanol, phosphate buffer (pH 6.8), and DMSO 

were used to determine the solubility of Marrubiin. In separate flasks, 50 ml of each solvent was 

supplemented with excess Marrubiin and was incubated in an orbital water bath at 50 rpm and a 

controlled temperature of 37 ± 0.5°C for 48 hrs. After filtering, diluting to appropriate concentrations, 

and analyzing all solutions with a UV-visible spectrophotometer, the Marrubiin sample was identified. 

DSC analysis 

Different solvents such as water, ethanol, methanol, phosphate buffer (pH 6.8), and DMSO 

were used to determine the solubility of Marrubiin. In separate flasks, 50 ml of each solvent was 

supplemented with excess Marrubiin and was incubated in an orbital water bath at 50 rpm and a 

controlled temperature of 37 ± 0.5°C for 48 hrs. After filtering, diluting to appropriate concentrations, 

and analyzing all solutions with a UV-visible spectrophotometer, the Marrubiin sample was identified. 

Fourier Transform Infrared (FTIR) Spectroscopy 

The pure drug was subjected to FTIR spectroscopy, and a Fourier Transform Infrared (FTIR) - 

8400S spectrophotometer procured from Shimadzu, Japan, was used. The sample was finely ground 

with potassium bromide (KBr) powder in a 1:100 weight ratio using a mortar and pestle. The mixture 

was then compressed into a pellet using a 15-ton hydraulic press for 1 minute. The formed pellet was 

gradually relieved to recover. The sample holder was loaded with the pellet, and spectral scanning was 
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done in a region of 4000–400 cm−1 with 4 cm−1 steps and a 2 mm/sec scan rate. The spectra obtained 

were utilized to identify the functional groups in the compound studied and to evaluate the structural 

changes of the drug under study.   

Selection of dose of Marrubiin 

A dose equivalent to previous studies of Marrubiin was used; Kumar et al. have previously 

shown an effective dose of 3 mg/kg in diabetic rat models. This dose was converted to the human 

equivalent dose using the standard interspecies dose conversion formula: Human equivalent dose 

(mg/kg) = Dose in rats (mg/kg) / Rat Km / Human Km. The human equivalent dose was calculated to 

equal 0.49 mg/kg based on the Km values for rats (6.00) and humans (37.00). Moving to the converted 

dose for a human weighing about 70 kg, this value is 34.05 mg of the total converted dose. This way, 

Marrubiin's dose would be selected according to the appropriate and scientifically validated approach. 

Experimental Design 

A 3² full factorial design was employed to develop a buccal patch formulation. The low (-1), 

medium (0) and high (+1) concentrations for independent variables were of HPMC K15M (A) and Neem 

Gum (B). Tensile Strength (Y1), Mucoadhesive strength (N) (Y2), and Ex vivo adhesion time (hr) (Y3) 

were dependent variables studied. Based on a factorial design, nine different formulations were 

generated.  

Table 1: 32 Factorial Design showing independent factors and Levels. 

Independent Variables 

Label Factors 
Level (mg) 

Low (-) Medium High (+) 

A HPMC K15M 150 200 250 

B Neem Gum 50 100 150 

Dependant Variables 

Y1 Tensile Strength (N/mm2) 

Y2 Mucoadhesive strength (N) 

Y3 Ex vivo adhesion time (hr) 

Table 2: Factors, levels and responses taken in 32 full factorial designs for buccal patch. 

F. Code  (X1) (X2) 

MF1 -1 -1 

MF2 0 -1 

MF3 +1 -1 
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MF4 -1 0 

MF5 0 0 

MF6 +1 0 

MF7 -1 +1 

MF8 0 +1 

MF9 +1 +1 

"-" indicates lower concentration, and "+" indicates higher concentration. 

Table 3: Preparation of buccal patch batches using 32 factorial designs 

Ingredients MF1 MF2 MF3 MF4 MF5 MF6 MF7 MF8 MF9 

Marrubiin (mg) 34.05 34.05 34.05 34.05 34.05 34.05 34.05 34.05 34.05 

HPMC K15M 

(mg) 
150 200 250 150 200 250 150 200 250 

Neem Gum (mg) 50 50 50 100 100 100 150 150 150 

PEG 400 (mL) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Distilled Water 

(mL) 
40 40 40 40 40 40 40 40 40 

Preparation of Buccal Patch Batches 

A 3² factorial design was used to prepare the buccal patches, which were prepared using the 

solvent casting method. 20 mL of distilled water and their corresponding predetermined amount of 

HPMC K15M were dissolved under constant stirring to get a uniform polymeric solution. The polymeric 

solution was then separately dispersed with 10 mL of distilled water and neem gum. The remaining 10 

mL of water was then used to dissolve the marrubiin and added to the polymer blend. A plasticizer 

such as PEG 400 (0.5 mL) was used to mix the mixture to make it flexible. A clean, leveled glass petri 

dish was poured with a resulting homogeneous mixture and spread uniformly to form a thin patch. 

Solvent evaporation was ensured by drying the patches at room temperature for 24 hours. The patches 

were air-dried, and the outer layer was carefully removed and stored in aluminum foil for further 

analysis. The process was repeated for each batch (MF1–MF9) as per the composition in Table 3. 

Characterization of Buccal batch 

Surface pH Determination 

A combined glass electrode (Digital pH meter, Labtronic, India) measures the surface pH. 

Buccal patches can swell for 2 hr on 0.2 g agar (10 mL warmed simulated saliva fluid, pH 6.8 at 50–

70°C). The swollen patch surface is brought in contact with the glass electrode, and the equilibrate is 
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allowed for 1 minute before taking the reading. Triplicate measurement is done, and the mean value 

with standard deviation is calculated. 

Thickness Uniformity  

The thickness is measured with a digital vernier caliper (Hetkrishi, India) in three patch 

locations (to maximize the accuracy). Each formulation batch is evaluated in three patches. A mean 

value and standard deviation are calculated to assess thickness uniformity in this batch and within 

single patches. 

Folding Endurance 

A sharp blade cuts three patches of each formulation patch of size 2×2 cm. A strip of the patch 

is repeatedly folded at the same place until it ruptures to determine folding endurance. The folding 

endurance value is the number of times the patch can be folded at the same place without breaking—

the mean value from three measurements. 

Weight Variations 

Three patches of each formulation are individually weighed on a digital analytical balance (ATX 

224, Shimadzu, Japan) for evaluation of patch weight. The batch uniformity is assessed by calculating 

each formulation's mean weight and standard deviation. 

Tensile Strength 

The tensile strength was measured on a pulley system. The pulley system pulls the polymeric 

film, and weights are added to the pan, gradually increasing the pulling force until the film breaks. The 

elongation of the film is noted with a magnifying glass. The formula calculates it: 

 S =  (m × g) (b × t)⁄  (1) 

where m = mass in grams, g = acceleration due to gravity, b = breadth in cm, t = thickness. 

Swelling Index 

The polymeric films of 1 cm diameter are weighed accurately and immersed in 50 ml water. 

Films are carefully removed at 5, 10, 30, and 60 min intervals, blotted with filter paper to remove 

surface water, and then weighed accurately. The percent swelling is calculated using the formula: 

 % Swelling index =  
(Final weight − Initial weight)

Final weight
 × 100 (2) 

Ex vivo adhesion Time 

Ex-vivo Adhesion time was determined using a modified USP disintegration apparatus (VTD-

AV, Veego, India) holding 800 ml of simulated saliva fluid (pH 6.8) at 37°C. A piece of fresh goat buccal 

mucosa (3 cm length × 1 cm width) is glued to a glass plate and is vertically attached to the apparatus. 

2 ml of simulated saliva is hydrated into the mucoadhesive patch, and it is contacted with the mucosa. 
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Assembly moves up/down in solution. Recorded are the amounts of time needed for complete 

detachment. 

Mucoadhesive strength 

The modified pan balance method is used to determine the mucoadhesive strength. Goat 

buccal mucosa is obtained fresh within 2 hours of slaughter and stored in phosphate buffer pH 6.8 at 

4°C. The mucosa is secured to two glass slides by thread, one fixed under the balance pan's underside, 

the other against a wooden board. Bonding is established by placing the test patch between the 

mucosal surfaces and applying 50g preload force for 1 minute. The other pan is weighed (dummy 

granules) until complete detachment occurs. The use of the formula determines the mucoadhesive 

strength (dynes/cm2): 

 Force = (m ×  g) A ×  100⁄  (3) 

Where m is the weight of water required for detachment, g is the acceleration due to gravity (981 

cm/s2), and A is the surface area of the patch. The test is performed in triplicate, maintaining 

temperature at 37±1°C. 

Drug Content Uniformity 

Drug content is quantified without any backing membrane. Following initial dispersion in dilute 

HCl, patches are dissolved in pH 6.8 simulated saliva. The solution is filtered, appropriately diluted and 

analyzed by a UV spectrophotometer (UV1700, Shimadzu, Japan) at 254nm against a calibration curve. 

Testing is done in triplicate. 

Ex Vivo drug permeation study 

Franz diffusion cell assembly (PermeGear Inc., PA) was used for the ex vivo drug permeation 

study. Buccal mucosa from fresh goats obtained from the slaughterhouse is mounted between donor 

and recipient compartments. The drug (10 mg in a buccal film of diameter 1 cm) is placed on the 

mucosal surface in the donor compartment with pH 6.8 phosphate buffer. Under magnetic stirring at 

100 rpm, the receptor compartment is maintained at 37±1°C and contains pH 6.8 phosphate buffer. 

The samples (0.5 mL) are withdrawn at predetermined intervals up to 8 hours and renewed with fresh 

buffer. After suitable dilution, the samples are analyzed spectrophotometric at 254nm. The difference 

in the amount of drug permeated per unit surface area vs. time is plotted. The slope of the graph for 

the linear portion is the steady-state flux. 

Stability studies 

The optimized formulation underwent stability tests per the International Conference on 

Harmonization (ICH) guidelines. It was wrapped with butter paper and aluminum foil for a 2x 2 cm² 

buccal patch. During the 3-month accelerated test, at a temperature of 40±2°C and humidity of 75±5%, 
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the sample was exposed to room conditions of 25±2°C and 60±5% humidity. The mucoadhesive 

properties, mechanical characteristics, drug content, and drug release rate for buccal patches stored 

for 1, 3 and 6 months have been determined. 

RESULTS 

Results of Calibration curve of Marrubiin 

 

Figure 1: Calibration curve of marrubiin in Phosphate buffer pH 6.8 

Solubility analysis 

Table 4: Results of solubility analysis of marrubiin 

Sr. 

No. 

Solvent Solubility 

(mg/ml) 

Results 

1 Water 0.52±0.03 Practically insoluble  

2 Ethanol 2.06±0.42 Slightly soluble 

3 Methanol 5.24±1.14 Slightly soluble 

4 Phosphate Buffer pH 6.8 11.69±1.09 Sparingly soluble  

5 DMSO 51.83±2.32 Soluble  

Values are expressed in mean±SD (n=3) 

Results of FTIR studies 
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Figure 2: FTIR spectra of Pure Drug (Marrubiin) 

 

Figure 3: FTIR spectra of Physical mixture of formulation (Drug + Excipients) 

Results of DSC Analysis 

 

Figure 4: DSC Spectra of Pure drug (Marrubiin) 

 

Figure 5: DSC Spectra of Physical mixture of formulation (Drug + Excipients) 

Results of characterization of buccal patch 

Table 5: Evaluation of Weight variation, Thickness, Folding Endurance, % Moisture Uptake and % 

moisture Loss of mucoadhesive buccal patch (MF1-MF9) 
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Batch 

code 

Weight 

variation (MG) 

Thickness 

(mm) 

Folding Endurance (no. 

of folds) 

% Moisture 

Uptake 

% moisture 

Loss 

MF1 212.2±2.4 0.18±0.02 378±0.425 0.76±0.07 1.91±0.32 

MF2 245.6±4.7 0.11±0.03 312±0.231 2.98±0.32 0.52±0.07 

MF3 265.3±6.7 0.12±0.02 302±0.752 1.21±0.21 2.27±0.23 

MF4 243.1±3.9 0.09±0.04 298±0.862 1.43±0.19 1.31±0.29 

MF5 308.7±2.9 0.13±0.01 319±0.193 0.77±0.04 0.89±0.04 

MF6 262.9±4.2 0.16±0.01 361±0.528 2.09±0.73 1.72±0.31 

MF7 258.0±8.7 0.08±0.01 274±0.933 1.37±0.23 1.24±0.38 

MF8 291.3±9.4 0.13±0.04 284±0.641 0.83±0.07 0.34±0.05 

MF9 232.7±8.3 0.14±0.02 314±0.832 1.18±0.013 2.62±0.53 

The data are expressed in mean±SD, (n=3) 

Table 6: Results of tensile strength, Mucoadhesive strength, Ex-vivo adhesion time and mucoadhesive 

buccal film drug content (MF1-MF9). 

Batch code 
Tensile strength 

(N/mm²) 

Mucoadhesive 

strength (N) 

Ex-vivo adhesion 

time (hr) 
Drug content (%) 

MF1 6.23±0.49 3.1±0.43 2.8±0.76 89.43±0.57 

MF2 11.24±0.56 4.3±0.31 3.3±0.43 82.19±0.58 

MF3 16.43±0.83 4.7±0.06 3.9±0.21 74.69±0.59 

MF4 6.62±0.47 5.3±0.78 4.7±0.81 89.07±0.60 

MF5 12.29±0.28 6.5±0.42 5.6±0.32 96.35±0.52 

MF6 17.67±0.32 7.1±0.93 6.6±0.47 92.76±0.13 

MF7 7.54±0.78 8.3±0.69 6.9±0.41 88.83±0.83 

MF8 13.62±0.71 9.3±0.57 8.4±0.83 91.45±0.34 

MF9 18.73±0.36 9.8±0.39 9.6±0.58 95.72±0.19 

Values are expressed in mean±SD (n=3) 

Optimization of marrubiin buccal film 

Effect of Independent Variable on Tensile Strength (Y1) 

Table 7: ANOVA for the Linear model Tensile Strength (Y1) 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 181.37 2 90.69 1121.16 < 0.0001 significant 

A-HPMC K15M 175.39 1 175.39 2168.39 < 0.0001 
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B-Neem Gum 5.98 1 5.98 73.93 0.0001 
 

Residual 0.4853 6 0.0809 
   

Cor Total 181.86 8 
    

The regression equation obtained for Tensile Strength (Y1) is as follows: 

 Tensile Strength (Y1) = +12.26 +5.41*A +0.9983*B (4) 

 

Figure 6: Contour plot (A) and 3D surface plate (B) for the effect of HPMC K4M and Moringa gum on 

Tensile Strength (Y1) of Buccal film 

Effect of Independent variable on Mucoadhesive strength (Y2) 

Table 7: ANOVA for the quadratic model Mucoadhesive strength (Y2) 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 43.38 5 8.68 909.72 < 0.0001 significant 

A-HPMC K15M 4.00 1 4.00 419.59 0.0003 
 

B-Neem Gum 39.02 1 39.02 4090.89 < 0.0001 
 

AB 0.0025 1 0.0025 0.2621 0.6440 
 

A² 0.2006 1 0.2006 21.03 0.0195 
 

B² 0.1606 1 0.1606 16.83 0.0262 
 

Residual 0.0286 3 0.0095 
   

Cor Total 43.41 8 
    

The regression equation obtained for Mucoadhesive strength is as follows: 

 
Mucoadhesive strength  = +6.51 +0.8167*A +2.55*B -0.0250*AB -0.3167*A2 

+0.2833*B2 (5) 
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Figure 7: Contour plot (A) and 3D surface plate (B) for the effect of HPMC K4M and Moringa gum on 

Mucoadhesive strength (Y2) of Buccal film 

Effect of Independent variable on ex vivo adhesion time (Y3) 

Table 9: ANOVA for the Linear model ex vivo adhesion time (Y3) 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 43.06 3 14.35 838.77 < 0.0001 significant 

A-HPMC K15M 5.41 1 5.41 316.46 < 0.0001 
 

B-Neem Gum 37.00 1 37.00 2162.44 < 0.0001 
 

AB 0.6400 1 0.6400 37.40 0.0017 
 

Residual 0.0856 5 0.0171 
   

Cor Total 43.14 8 
    

The regression equation obtained for ex vivo adhesion time is as follows: 

 Ex vivo adhesion time (Y3) = +5.76 +0.9500*A +2.48*B +0.4000*AB (6) 

 

Figure 8: Contour plot (A) and 3D surface plate (B) for the effect of HPMC K4M and Moringa gum on 

ex vivo adhesion time (Y3) of Buccal film 

Table 10: ANOVA summary of response variables of marrubiin buccal film 
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Response variable 
Model 

Sequential p-

value 

Adjusted R2 

value 
Predicted R2 value 

Tensile Strength 

(N/mm2) 
Linear <0.0001 0.9964 0.9927 

Mucoadhesive 

strength (N) 
Quadratic 0.0199 0.9982 0.9920 

Ex vivo adhesion 

time (hr) 
2FI 0.0017 0.9968 0.9940 

Table 11: Software predicted and experimental response data of optimized mucoadhesive marrubiin 

buccal patch. 

Optimized formulation 

composition (MF9) 
Response 

Component 
Quantity 

(mg) 

Evaluation 

parameter 

Software 

predicted 

Experimentally 

observed 

HPMC K15M 
250 Tensile Strength 

(N/mm2) 
18.6 18.7 

Neem Gum 150 mucoadhesive 

strength (N) 
9.8 9.8 

Ex vivo adhesion 

time (hr) 
9.5 9.6 

Ex-vivo drug permeation studies from goat buccal mucosa 

The results of ex-vivo drug permeation studies are shown in Figure 9. 
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Figure 9: Ex-vivo drug permeation studies of the buccal patch (MF1-MF9) 

Flux and Kp of buccal batch (MF1-MF9) 

Table 12: Flux and Kp of buccal batch (MF1-MF9) 
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Batch Flux (µg/cm²/h) Kp (cm/h) 

MF1 10.23 2.84 

MF2 12.47 3.46 

MF3 11.89 3.30 

MF4 10.86 3.02 

MF5 12.92 3.59 

MF6 11.95 3.32 

MF7 10.58 2.94 

MF8 12.76 3.54 

MF9 13.45 3.74 

Release kinetics for an optimized batch of buccal patch 

Table 13: Release kinetics for an optimized batch of buccal patch 

Formulations 
First-order Zero-order Higuchi Peppas 

Slope R2 Slope R2 Slope R2 Slope R2 

MF9 11.92 0.9832 35.56 0.9421 0.1341 0.9637 94.08 0.9676 

 

Figure 10: Release kinetics for an optimized batch of the buccal patch (A) Zero order release kinetics, 

(B) First order, (C) Higuchi and Kors-Peppas release kinetics. 

Stability Study 

Table 14: Stability Studies results of optimized batch (MF9) of buccal patch 
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Stability 

conditions 

Sampling 

time 

Tensile 

strength 

(N/mm2) 

Thickness 

(mm) 

Folding 

Endurance 

(no. of 

folds) 

Mucoadhesive 

strength (N) 

Ex vivo drug 

adhesion (h) 

Accelerated 

condition 

(40 ± 2oC 

and 75 ± 

5% RH) 

Initial (0) 18.86±0.65 0.14±0.02 314.7± 9.8±0.23 9.6±0.43 

1 Month 18.63±0.43 0.14±0.08 314.3± 9.8±0.43 9.6±0.31 

3 Months 18.51±0.74 0.14±0.04 315.9± 9.7±0.73 9.5±0.48 

6 Months 18.48±0.58 0.14±0.03 315.3± 9.7±0.59 9.5±0.35 

Values are expressed in mean±SD (n=3) 

CONCLUSION 

The current study successfully developed and optimized a mucoadhesive buccal patch of 

marrubiin using HPMC K15M and Neem Gum. The MF9, optimized formulation, had excellent 

physicochemical attributes of the optimal tensile strength (18.73±0.36 N/mm²), mucoadhesive 

strength (9.8±0.39 N), and ex-vivo adhesion time (9.6±0.58 hr) and showed an excellent correlation of 

experimental value with the predicted value. FTIR and DSC studies proved the compatibility between 

the drug and the excipients. In contrast, ex-vivo permeation studies showed improved drug 

permeation when the highest flux of 13.45 µg/cm²/h and the 3.74 cm/h permeability coefficient were 

obtained. The release kinetics were first order (R² = 0.9832), indicating controlled drug release, and 

accelerated stability studies for six mos confirmed the robustness of the formulation. In-vitro and ex-

vivo evaluations limited the study; however, future work should entail in-vivo pharmacokinetic studies 

and clinical trials to determine therapeutic efficacy. Further investigation could also explore the 

potential use of this delivery system for other poorly water-soluble drugs.  
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ABSTRACT 

OBJECTIVES 

To develop and optimize a thermosensitive in-situ hydrogel containing Bacoside A for enhanced wound 

healing, focusing on optimal gelling characteristics, mucoadhesion, and antimicrobial efficacy. 

Methods: Thermosensitive hydrogels were formulated using Poloxamer 407 and xanthan gum through 

statistical optimization. Formulations were characterized for physicochemical properties, drug content, 

rheology, and mucoadhesion. Response surface methodology optimized gelling temperature and 

mucoadhesive strength. Ex-vivo permeation studies were conducted, followed by stability assessment 

and antimicrobial evaluation against E. coli and S. aureus. Results: The optimized formulation (RF6) 

exhibited ideal gelling temperature (33.78±0.78°C), mucoadhesive strength (2989.5±0.284 dyne/cm²), 

and viscosity (3185±0.923 cps). The statistical model showed high predictability (R²>0.999) for both 

responses. Ex-vivo studies demonstrated sustained drug release with 96.67±0.88% permeation at 8 

hours and flux of 11.59 µg/cm²/h. The formulation showed significant antibacterial activity with zones 

of inhibition of 24.3±0.62 mm (E. coli) and 23.8±1.06 mm (S. aureus), comparable to the marketed 

standard. Stability studies confirmed product integrity over six months with minimal variation in critical 

parameters. Conclusion: The developed Bacoside A thermosensitive in-situ hydrogel demonstrates 

promising characteristics for wound healing applications, combining optimal gelling properties, 

sustained drug release, and significant antimicrobial activity, offering a potential alternative to 

conventional wound healing formulations. 

KEYWORDS  

Bacoside A, Thermosensitive hydrogel, In-situ gelling, Wound healing, Response surface methodology, 

antimicrobial activity. 

INTRODUCTION 

Acute wounds refer to sudden injuries that lead to disruption of the skin’s integrity and 

function due to physical trauma, thermal injuries, incisions, or cuts. While chronic wounds do not heal 

within a short period of time, acute wounds have a proper timeline, wherein their healing may take 

days to weeks depending on the wound class and the patient state. Nevertheless, hindrances such as 

slow healing or infections can greatly impact on the recovery process. Based on the recent research, 
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acute wounds, especially burn injuries, are present in more than 11 million patients yearly, and 

infection develops in 10%–15% of them. Currently, burn injuries cause about 180 000 deaths annually, 

of which about 75% are due to wound sepsis. Several interventions that are used in the treatment of 

chronic wounds include antibiotics, antimicrobial dressings, and debridement, which has their 

inherent challenges. Antibiotic resistance, inability to effectively manage biofilms and the absence of 

advanced drug delivery system create complications that lead to prolonged hospital stays and poor 

patient outcome thus a call for innovative approaches in managing acute Wound Care. 

 

Figure 1: Chemical structure of Bacoside A 

Bacoside A, a triterpenoid saponin, is the primary bioactive compound found in Bacopa 

monnieri, a traditional medicinal herb widely used in Ayurveda. This herb, often referred to as 

"Brahmi," grows abundantly in wetlands and marshy areas, with its leaves being the richest source of 

Bacoside A. Known for its potent antioxidant, anti-inflammatory, and neuroprotective properties, in 

recent years, bacoside A has drawn particular attention for its therapeutic potential in wound healing. 

Studies suggest that Bacoside A can accelerate the wound-healing process by reducing oxidative stress, 

a major factor in delayed healing, and modulating inflammatory pathways. It promotes the 

proliferation and migration of fibroblasts and keratinocytes, key cells involved in tissue regeneration. 

Furthermore, Bacoside A’s ability to combat microbial infections makes it a promising candidate for 

treating acute wounds, offering a dual action of promoting tissue repair while preventing infections. 

Thermosensitive hydrogels are an advanced class of polymeric materials that exhibit a unique 

sol-to-gel transition in response to temperature changes. At lower temperatures, these hydrogels 

remain in a liquid state, facilitating easy application over irregular wound surface. Upon exposure to 

body temperature, they transition into a gel-like state, forming a stable, protective barrier over the 

wound. Maintaining a moist wound environment is an essential part of helping wounds heal faster and 

more effectively, and this barrier does just that. Moreover, thermosensitive hydrogels can be 

engineered to act as carriers for bioactive compounds like Bacoside A, enabling controlled and 
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sustained release of the therapeutic agent directly at the wound site. This localized drug delivery 

enhances efficacy, and minimizes systemic side effects, making thermosensitive hydrogels a promising 

platform for acute wound treatment. 

MATERIALS AND METHODS 

Materials  

The Bacoside A was obtained from Sciquaint Innovations (OPC) Private Limited, Pune, India. 

Poloxamer 407 were sourced from Research Lab Fine Chem Industries, Mumbai, India. Xanthan gum 

was purchased from Indian jadibuti, Delhi, India. The chemicals and solvents used in the process were 

all of analytical grade. 

Methods 

Calibration curve of Bacoside A 

Spectroscopic analysis of Bacoside A was selected to use as a solvent: methanol. A pure 10 mg 

Bacoside A sample was placed inside a 100 ml calibrated volumetric flask, solubilised with methanol, 

and diluted to the mark so as to have 100 µg ml-1 stock solution. From this stock solution aliquots of 

1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 ml were pipetted into separate 10ml calibrated volumetric flasks and 

made up to the mark with methanol to give working standard solutions at concentration of 10, 20, 30, 

40, 50 and 60 µg/ml respectively. Absorbance of each solution was monitored at 227nm using 

Shimadzu UV1900 spectrophotometer. 

Solubility Study  

The saturated solubility of the Bacoside A was evaluated in water, methanol, ethanol (99.7%), 

phosphate buffer (pH 6.8), and DMSO Further, an excess amount of the drug was added to 50 mL of 

each solvent in separate 100 mL volumetric flasks, which were sealed and placed in an orbital-shaking 

water bath set at 50 rpm and a controlled temperature of 37 ± 0.5°C for 48 hours. After equilibration, 

the samples were filtered, appropriately diluted with the same solvent, and analysed for absorbance 

using a UV-visible spectrophotometer at 227nm λmax for each solvent. The absorbance values were 

then converted into concentration using the standard curve of the drug in the respective solvents. 

FTIR Spectroscopy 

FTIR spectra of the pure drug was obtained by using various FTIR spectrometer (FTIR-8400S 

spectrophotometer, Shimadzu, Japan). The mixture was ground thoroughly in mortar and pestle with 

KBr powder in the ratio of 1:100, the ground sample was pressed in dies set in pellet press with 

hydraulic pressure of 15 tons for a minute. To release pressure and take of the pellet from the dies set 

rotate the side valve anticlockwise. The pellet was then placed in the sample holder and scanning was 

done across the region of 4000–400 cm-1 at a resolution of 4 cm-1 and speed of scan at 2 mm/sec. 
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Differential Scanning Calorimetry  

Differential scanning calorimetry (DSC) analysis was performed on the samples using a Perkin-

Elmer Pyris-1 instrument (Osaka, Japan). Initially, the samples were heated to remove moisture. Each 

sample, weighing approximately 5 mg, was accurately placed in a platinum crucible, a 40 μl aluminium 

pan, which was hermetically sealed. Alpha alumina powder was used as the reference material. 

Thermograms were recorded over a temperature range of 50°C to 300°C at a heating rate of 20°C/min 

under a constant flow of inert nitrogen gas at a flow rate of 20 ml/min. 

Dose selection for bacoside A 

The dose of Bacoside A was selected based on previously reported efficacy studies by R. 

Sharath et al.  in rats, where 200 μg/mL demonstrated significant wound healing activity without any 

toxicity. For the current study formulation, this dose was converted to human equivalent dose (HED) 

using the formula: HED (mg/kg) = Animal dose (mg/kg) × (Animal Km/Human Km), where Km factors 

are 6 for rats and 37 for humans. The calculated human equivalent dose was 0.03 mg/kg body weight, 

which translates to 2.27 mg of Bacoside A for the formulation. 

Experimental design for thermosensitive in-situ hydrogel. 

Thermosensitive hydrogel formulation optimization was done using 32-full factorial design. 

There were two independent variables, namely, concentration of Poloxamer 407 (A) and Xanthan gum 

(B) at -1, 0, and +1 levels. The levels of Poloxamer 407 (A) were 20%, 22.5% and 25% w/w, and for 

Xanthan gum (B) 0.5%, 1.0% and 1.5% w/w. The dependent variables studied were sol gel temperature 

(R1) and Mucoadhesive strength (R2). According to the factorial design, 9 formulations were prepared. 

Experimental design was generated and evaluated by Design Expert program software (version 13.0, 

Stat-Ease Inc). They were systematically outlined in the table 1 and 2 as coded and actual values of the 

independent factors in the factorial design. 

The polynomial equation is: 

 Y =  β₀ +  β₁X₁ +  β₂X₂ +  β₁₁X₁² +  β₂₂X₂² +  β₁₂X₁X₂ +  ε (7) 

Where: Y = Response variable (R1 or R2 in your case), β₀ = Intercept coefficient, β₁, β₂ = Linear effect 

coefficients, β₁₁, β₂₂ = Quadratic effect coefficients, β₁₂ = Interaction effect coefficient, X₁ = Coded value 

of factor A (Poloxamer 407), X₂ = Coded value of factor B (Xanthan Gum), ε = Error term. 

Table 1: Coded and decoded values of 32 full factorial design 

Independent Variables 

Label Factors Coded values Actual values in %w/v 

A Poloxamer 407 -1 0 +1 16 18 20 
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B Xanthan Gum -1 0 +1 0.5 1.0 1.5 

Dependant Variables 

R1 Gelling temperature (℃)  

R2 Mucoadhesive strength (Dyne/cm2) 

Table 2: Prepared batches of thermosensitive hydrogel using 32 factorial designs 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 

Bacoside A 

(mg) 
2.27  2.27  2.27  2.27  2.27  2.27  2.27  2.27  2.27  

Poloxamer 407 

(% w/v) 
16 18 20 16 18 20 16 18 20 

Xanthan Gum 

(% w/v) 
0.5 0.5 0.5 1.0 1.0 1.0 1.5 1.5 1.5 

Distilled water 

(q.s) 
q.s q.s q.s q.s q.s q.s q.s q.s q.s 

Preparation of In-situ thermosensitive hydrogel  

The hydrogel was prepared by cold method. Weight of required grams of Poloxamer 407 and 

Xanthan gum were weighed, dissolved into ddH2O, heated to room temperature to 4 °C ± 0.5 °C 

overnight to make a sol solution of specified concentration (w/w). Clear solutions were obtained by 

dissolved polymers by stirring continuously at 40 rpm. Quantitative weighing of Bacoside A into 

ethanol solution was accomplished. Finally, a drug solution was then made by adding the drug solution 

into the polymeric solution with continuous stirring of 40 rpm until the put drug concentration 

[itaconic acid] is 2.27mg. Then the prepared hydrogel composite was characterized for thermosensitive 

properties.  

Evaluation of In-situ thermosensitive hydrogel 

Gelling temperature 

The gelation temperature of the thermosensitive hydrogel was determined using the vial 

inversion method. Hydrogel samples were prepared and subjected to heating in a water bath with a 

controlled temperature increase of 1°C per minute. The sol-gel transition was visually assessed by 

tilting the vials at an angle of 90° at regular intervals. The temperature at which the hydrogel ceased 

to flow and remained stationary in the tilted position was recorded as the gelation temperature. This 

method ensures accurate determination of the phase transition relevant to physiological conditions. 

Gelling time 
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The gelling time was determined using the vial inversion method. The formulation was placed 

in a vial with a 2mL volume of the formulation and heated at a controlled temperature increment. The 

vial was periodically tilted to observe the sol-gel transition. The gelling time was recorded as the point 

when the formulation ceased flowing upon tilting. 

Viscosity 

Viscosity of the in situ thermosensitive hydrogels was determined using a Brookfield 

viscometer with an S-94 spindle. The spindle penetrated perpendicularly into the gel and transferred 

prepared gel formulations into a beaker.  Measurements were carried out at the speed of 100 rpm; the 

temperature being set 37± 0.5 °C. Viscosities of the formulations were measured while cooling and the 

measurements were done in triplicate to insure reliability and also accuracy. 

Drug Content Assay 

The in situ thermosensitive hydrogel formulation was diluted to a total volume of 10 mL with 

methanol and 1 mL was used to determine the drug content of the hydrogel. After vertexing the 

mixture to make sure it had been dissolved completely, it was filtered to remove any undissolved 

particles. The absorbance of the Bacoside A was Taken at 227nm using Shimadzu UV-1900 

spectrophotometer was used to analyse the filtrate. The absorbance values were compared to a 

standard calibration curve prepared with the addition of methanol to calculate the drug concentration. 

Finally, all measurements were done in triplicate to verify precision and reproducibility. 

Mucoadhesive strength  

The mucoadhesive strength of the in-situ thermosensitive gel was measured using a modified 

physical balance method. Freshly excised mucosal tissue was affixed to two glass vials, with the 

mucosal side facing outward. One vial was attached to a balance, and the other was placed on a height-

adjustable platform. A known amount of gel was applied to the mucosa on the first vial, and the second 

vial was brought into contact with the first, maintaining tight contact for 2 minutes. The two vials were 

then weighed on the balance pan, gradually adding weights until the vials thus separated. The 

mucoadhesive strength was calculated using the formula: 

Mucoadhesive strenghth =
m − g

A
 

where m is the weight required to detach the vials (g), g is the gravitational constant (980 

cm/s²), and A is the contact area of the mucosa (cm²). This method ensures accurate quantification of 

the adhesive properties of the gel. 

Spreadability  

A 5 g sample of the gel was spread between two glass plates and the spreadability of the 

thermosensitive hydrogel was evaluated. To stress the top plate by the uniform pressure, it was 
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subjected to 500 g weight for 5 min. The spreadability of the gel was measured to determine the 

diameter, at which the gel had spread, measured by a calliper. In this study, this test was done in 

triplicate to establish a reliable and consistent results. 

Ex-vivo drug release study  

The goat skin was used as a diffusion membrane in the same manner as was used for the in 

vitro drug release study. From the slaughterhouse goat skin was procured and placed between the 

donor and receptor parts, 1 g thermosensitive hydrogel was placed on the donor part, receptor part 

was filled with phosphate buffer pH 6.8 and was mounted on the magnetic stirrer hot plate and rotated 

at 100rpm and made to get at 37±0.5 °C finally at different intervals samples of 1 ml were withdrawn, 

diluted with 10 ml of buffer and the absorbance was measured at 227nm spectroscopically. The 

complete diffusion was studied for 8 h. A graph of release percentage cumulative versus time was 

plotted. 

In-vitro antibacterial activity 

The in vitro antibacterial activity of Bacoside A, Thermosensitive hydrogel (RF6), and 

Candiderma Plus (marketed standard) against Escherichia coli (E. coli) and Staphylococcus aureus (S. 

aureus) was evaluated using the agar well diffusion technique. An E. Coli and S. aureus standardized 

bacterial solution was used to inoculate nutrient agar plates. A corn borer with a 6mm diameter was 

used to create the wells aseptically after the liquid inoculation media had completely solidified. 

Carefully placed extract and gel solution in each of these plates. Plates were left for 30 minutes to pre-

diffusion. Following the plates' normalization to room temperature, they were incubated for 24 hours 

at 37ºC to check for microorganisms. Each well's surrounding zones of inhibition were measured and 

documented in mm. Three duplicates of the experiment were carried out, and the mean ± standard 

deviation was used to report the findings. 

Stability studies 

The stability study of thermosensitive hydrogel was performed following ICH Q1A (R2) 

guidelines for 6 months under three storage conditions: long-term (25 ± 2°C/60 ± 5% RH). The 

formulations were evaluated at 0, 3, and 6 months for physical appearance, pH, drug content, 

rheological properties, gelling temperature, mucoadhesive strength and ex-vivo drug permeation. 

Statistical Analysis 

Design Expert software Expert® DX 13.0 (StatEase Inc., MN) was used to analyze the 

experiment data. Response surface plots were used to show how the factors affected the dependent 

variables, and analysis of variance (ANOVA) was used to assess the factors' significance. In order to 
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choose the best formulation, desirability was computed using the target values for viscosity and 

spreadability. 

RESULTS 

Calibration curve of Bacoside A 

 

Figure 2: Standard Calibration Plot of Bacoside A in Methanol (λmax = 227nm) 

Results of solubility study  

Table 3: Results of solubility analysis of Bacoside A. 

Sr. No. Solvent Solubility (mg/mL) Results 

1 Water 2.57±0.03 Practically Insoluble 

2 Ethanol 24.42±2.56 Sparingly soluble 

3 Methanol 27.36±1.23 Sparingly soluble 

4 Phosphate Buffer pH 6.8 42.32±3.82 Soluble 

5 DMSO (Dimethyl Sulfoxide) 76.98±4.22 Soluble 

Results are expressed in mean±SD (n=3) 

Results of FTIR analysis  

 

Figure 3:  FTIR Spectral analysis of pure Bacoside A 
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Figure 4: FTIR Spectral analysis of drug-excipient physical mixture 

Results of differential Scanning Calorimetry 

 

Figure 5: DSC thermogram of pure Bacoside A 

 

Figure 6: DSC Thermogram of drug-excipient Physical mixture 

Characterization of thermosensitive in-situ hydrogel  

Table 4: Physicochemical characteristics of thermosensitive In-situ hydrogel formulations. 

Formulation Gelling temperature (°C) Gelling time (sec) Viscosity (cps) 

RF1 43.23±0.28 37.34±0.12 2125±30 
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RF2 36.49±0.24 36.89±0.14 2532±26 

RF3 32.8±0.20 37.64±0.10 2947±34 

RF4 42.44±0.31 33.26±0.18 2280±29 

RF5 36.45±0.26 32.72±0.15 2704±52 

RF6 33.44±0.21 33.11±0.20 3105±40 

RF7 42.96±0.34 30.1±0.17 2450±46 

RF8 36.71±0.19 29.97±0.12 2885±30 

RF9 32.87±0.30 30.19±0.16 3196±58 

Data are expressed in mean±SD (n=3) 

Table 5: Evaluation Parameters of Thermosensitive In-situ hydrogel. 

Formulation Mucoadhesive strength (dyne/cm2) Drug content (%) Spreadability (cm) 

RF1 1798.9±0.415 91.7±0.49 8.1±0.26 

RF2 1842.2±0.383 92.8±0.75 7.2±0.42 

RF3 2039.8±0.744 90.3±0.40 11.3±0.51 

RF4 2641.8±0.512 93.4±0.82 9.2±0.19 

RF5 2838.6±0.483 92.9±0.63 12.1±0.68 

RF6 2989.4±0.812 92.7±0.72 10.4±0.32 

RF7 4278.2±0.641 91.4±0.94 11.5±0.83 

RF8 4369.7±0.390 91.7±0.62 9.4±0.76 

RF9 4539.1±0.673 92.6±0.47 8.8±0.82 

Data are expressed in mean±SD (n=3) 

 

Figure 7: Image represents thermosensitive behaviour of in-situ hydrogel in room temperature and 

physiological conditions. 

Optimization of thermosensitive in-situ hydrogel 

Effect of Independent variables on for gelling temperature (R1) 
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Table 6: ANOVA for quadratic model for gelling temperature (R1) 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 149.23 5 29.85 157.01 0.0008 significant 

A-Poloxamer 407 145.24 1 145.24 764.04 0.0001 
 

B-Xanthan gum 0.0001 1 0.0001 0.0004 0.9862 
 

AB 0.0289 1 0.0289 0.1520 0.7226 
 

A² 3.96 1 3.96 20.82 0.0197 
 

B² 0.0089 1 0.0089 0.0468 0.8427 
 

Residual 0.5703 3 0.1901 
   

Cor Total 149.80 8 
    

The regression equation obtained from gelling temperature is as follows: 

 Gelling temperature = +36.51 -4.92*A  +0.0033*B +0.0850*AB +1.24*A2 +0.0667*B2 (8) 

 

Figure 8: Contour plot (A) and 3D plot (B) for the effect of Poloxamer 407 and xanthan gum on gelling 

temperature (R1) of In-situ thermosensitive gel. 

Effect of Independent variables on mucoadhesive strength (R2) 

Table 7: ANOVA for quadratic model for mucoadhesive strength (R2) 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 9.719E+06 5 1.944E+06 893.99 < 0.0001 significant 

A-Poloxamer 407 1.202E+05 1 1.202E+05 55.30 0.0050 
 

B-Xanthan gum 9.390E+06 1 9.390E+06 4318.70 < 0.0001 
 

AB 100.00 1 100.00 0.0460 0.8439 
 

A² 1926.14 1 1926.14 0.8859 0.4160 
 

B² 2.066E+05 1 2.066E+05 95.01 0.0023 
 

Residual 6522.98 3 2174.33 
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Cor Total 9.726E+06 8 
    

The regression equation obtained for mucoadhesive strength is as follows: 

 
Mucoadhesive strength = +2802.58 +141.57*A +1251.02*B +5.00*AB +31.03*A2 

+321.38*B2 
(9) 

 

Figure 9: contour plot (A) and 3D plot (B) for the Poloxamer 407 and xanthan gum on mucoadhesive 

strength (R2) of In-situ thermosensitive gel. 

Table 8. Summary of the quadratic model results for regression analysis of response R1 and R2. 

Quadratic Model R2 Adjusted R2 Predicted R2 SD % CV 

Response (Y1)  0.9992 0.9980 0.9927 0.1993 0.5332 

Response (Y2)  0.9993 0.9982 0.9932 46.63 1.540 

Validation of statistical model 

Table 9: The predicted and experimental values of response variables and relative error. 

F. 

Code 
Composition 

Actual 

(mg) 
Response 

Predicted 

value 

Experimental 

value 

Relative 

Error (%)  

MF6 

Poloxamer 

407 
20 

Gelling 

temperature 

(°C) 

34.01 34.44 1.26 

Xanthan gum 1 

MF6 

Poloxamer 

407 
20 Mucoadhesive 

strength 

(dyne/cm2) 

3000 2989 0.37 

Xanthan gum 1 

Ex-vivo drug permeation study  

The results of Ex-vivo drug permeation studies are shown in Figure 8. 
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Figure 10: Ex-vivo drug permeation from In-situ thermosensitive hydrogel 

Flux and Kp of thermosensitive hydrogel (RF1-RF9) 

Table 10: Flux and Kp of thermosensitive hydrogel (RF1-RF9) 

Batch Flux (µg/cm²/h) Kp (cm/h) 

RF1 10.90 1.090 

RF2 10.66 1.066 

RF3 10.24 1.024 

RF4 9.09 0.909 

RF5 10.89 1.089 

RF6 11.59 1.159 

RF7 11.05 1.105 

RF8 10.82 1.082 

RF9 10.63 1.063 

Stability study 

Table 11: Result of six-month stability study on various parameters of optimized batch (25 ± 2°C/60 ± 

5% RH). 

Response Before stability 1 month 3 months 6 months 

Clarity Clear Clear Clear Clear 

Visual appearance Transparent Transparent Transparent Transparent 

Gelling Temperature 

strength (oC) 

33.78±0.78 33.54±0.67 33.48±0.73 32.54±0.83 

Viscosity (cps) 3185±0.923 3151±0.645 3123±0.482 3117±0.787 

Mucoadhesive 

strength (dyne/cm2) 

2989.5±0.284 2997.8±0.833 3002.3±0.156 3011.9±0.723 

Gelling time (sec) 21.4±0.5 21.9±0.6 21.4±0.4 20.9±0.3 
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pH 6.2±0.07 6.2±0.09 6.2±0.03 6.2±0.09 

Spreadability (cm) 10.3±0.43 10.8±0.33 10.5±0.93 10.8±0.36 

Ex-vivo drug 

permeation at 8 hr 

(%) 

96.67±0.88 96.63±0.44 96.48±0.73 94.41±0.68 

Data is expressed in mean±SD, (n=3) 

In-vitro antibacterial activity 

Table 12: In-vitro antibacterial activity of Bacoside A, Thermosensitive hydrogel (RF6) and Candiderma 

Plus (Marketed standard). 

Sr. No. Name of Sample 
Zone of Inhibition (mm)* 

E. coli S. Aureus 

1. Bacoside A 26.9±1.76 28.4±0.38 

2. Thermosensitive hydrogel (RF6)  24.3±0.62 23.8±1.06 

3. Marketed standard (Candiderma Plus) 29.3±0.63 27.7±0.19 

Values are expressed in mean±SD, (n =3). 

  

Figure 11: In-vitro antibacterial activity of Bacoside A, Thermosensitive hydrogel (RF6) and Candiderma 

Plus (Standard) for Escherichia coli and Staphylococcus aureus. 
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Figure 12: Graphical representation of the In-vitro antibacterial activity of Bacoside A, Thermosensitive 

hydrogel (RF6) and Candiderma Plus (Standard) (MS) for Escherichia coli and Staphylococcus aureus. 

CONCLUSION 

The completed and well-organized research on the development and optimization of Bacoside 

A loaded thermosensitive in-situ hydrogel discloses that the potential wound healing system can be 

formulated effectively. In optimized formulation, the gelling temperature was found to be 

33.78±0.78°C which is close to the physiological temperature, mucoadhesive strength was 

2989.5±0.284 dyne/cm² and the drug permeation rate was 96.67±0.88% at 8 hours. Signatures for 

conformation of compatibility of the drug-excipient interaction were established by FTIR and DSC In 

addition, optimization by RSM gave highly acceptable value of predictability of the designed 

formulation (R² > 0.999). The formulation proved to exhibit the best antibacterial efficacy against both 

the tested microbial isolates, and the result was as effective as a marketed lotion, though slightly 

inferior, and the study determined that the formulation demonstrated stability throughout a six-month 

investigation under the given storage conditions. The fact that the formulation is optimised with lasting 

drug release, mucoadhesion and their antimicrobial properties pointed to its potential use as an easy 

to apply, effective and comfortable to use in-situ thermosensitive hydrogel systemic medication for 

wound healing that has added benefits in comparison with conventional medication in terms of patient 

compliance. 
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ABSTRACT  

During green revolution, excess use of agrochemicals adversely affects natural resources and 

agriculture. Therefore we must have to go for sustainable agriculture. For this vermiwash is 

emerging as important potential tool. Vermiwash is a brown coloured, odourless, liquid bio-

fertilizer, which is collected after passes via column of worm culture. Vermiwash used as 

drenching and spray for soils. Vermiwash contains mucus, excretory products of worms and 

various concentrations of micro, macro beneficial nutrients along with beneficial microorganism, 

growth hormones, Vitamins, enzymes and amino acids, therefore is a good source for plant 

nutrition in sustainable agriculture. After application of vermiwash, improve carbon content and 

pH. The effect of vermiwash was observed on the plants and soil; it was found that vermiwash 

seems to possess an inherent property which acts not only as a liquid organic bio-fertilizer which 

promote growth of plants and yield but also as a mild bio-pesticide. The pH of untreated back soil 

is 7.9, while treated soil 7.1 and the carbon % of untreated soil 0.63% while treated soil improve 

up to 0.82%. So, it can be used as a potent input in organic farming and sustainable crop 

production for soil health and insect, pest and disease management. 

KEYWORDS 

Vermiwash, green revolution, sustainable agriculture, pH, carbon 

INTRODUCTION 

  Soil carbon is probably the most important component in soils as it affects almost all soil 

properties. Carbon, as soil organic matter, alters the physical, chemical, and biological properties 

of soils. The aim of sustainable agriculture is to fulfill our present needs (food, shelter and clothes) 

without compromising the ability of future generations to meet their own needs. Therefore three 

main objectives of sustainable agriculture are: a healthy environment, economic profitability, and 

social and economic equity, and for achieving these objectives application of vermiwash can play 

an important role in ensuring a sustainable agricultural system. Walkley and Black 1934  found 

that on the average about 77% of the organic C was recovered by the heat of dilution procedure, 

a correction factor of 1.3 be used to account for unrecovered organic carbon. Application of 

chemical fertilizers over a period has resulted in poor soil health, reduction on agricultural 
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products, and increases in incidences of insect pest and disease and environmental pollution 

(Ansari and Ismail, 2001) and long term use of various agrochemicals like fertilizers, plant growth 

promoters, pesticides and improved seed varieties, adversely affected ecosystems like soil, water, 

and food contamination and gene pool of wild seeds. 

Application of vermiwash has been reported to revitalize the soil quality (Gopal et al., 2010). 

It rejuvenates the depleted soil fertility and enriches available pool of nutrients, conserves 

moisture and natural and biological recourses. Studies revealed that application of coconut leaf 

vermiwash increased the crop production capacities of soil by enhancing the organic carbon 

contents in the soil and increasing the populations of the soil microorganisms, particularly plant 

beneficial ones, and their activities which would have facilitated increased uptake of the nutrients 

by the plants resulting in higher growth and yield. Vermiwash contains mucus, excretory products 

of worms and various concentrations of macro, micro and beneficial nutrients along with 

beneficial microorganism, growth hormones, Vitamins, enzymes and amino acids, therefore is a 

good source for plant nutrition in sustainable agriculture.  After application of vermiwash, 

improve carbon content and pH.  

MATERIALS AND METHODS 

Materials Agricultural soil was collected at a depth between 0 and 15 cm from a field at the 

Jaikawadi back water area of Newasa tahsil. (Lat. 19.52994◦; Long. 74.949338◦) and, after being 

air dried, it was sieved through a 2 mm mesh to remove large fragments. The soil was classified 

as sandy, Typic Xerorthent. Analysis of soil sample pH and Carbon (Walkley-Black Method 1934 

and 1947). Treat soil with vermiwash- 5 lit. / Acre by drench. After 10 days measurement of soil 

pH and carbon. Compare the treated and untreated soil carbon and pH. Vermiwash is a honey 

brown coloured liquid extract of organic composts, generally the wash of earthworms Present in 

the medium collected after the passage of water through the different layers of worm culture unit 

(Jayabhaye and Bhalerao, 2015). The quality of vermiwash produced by earthworms depends on 

the vermin-compost means source of feeding material that is used (Sreenivas 2000). 

RESULT AND DISCUSSION 

Carbon and pH accumulation in soils depended on soil organic contents. The pH of untreated 

back soil is 7.9, while treated soil 7.1 and the carbon % of untreated soil 0.63% while treated soil 

improve up to 0.82%. So, it can be used as a potent input in organic farming and sustainable crop 

production for soil health and insect, pest and disease management. 

Observation Table No.01- Different Soil pH Parameters 
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Sr. 

No. 

Different Soil pH 

Parameters 

Normal 

pH 

Untreated 

soil pH 

Treated soil 

pH 

1 Black soil pH 2 to  8.5 7.9 7.1 

2 Alluvial Soil pH 6 to  8.5 8.1 7.3 

3 Saline soil pH 7 to  8.5 8.2 7.5 

4 Clay Soil pH 7.5 to 10 9.1 7.7 

 

 

 

Observation Table No.02- Different Soil Carbon Parameters 

Sr. 

No. 

Different Soil Carbon 

Parameters 

Normal Carbon 

% 

Untreated soil 

% 

Treated soil 

% 

1 Black soil 0.5 to 0.75 0.63 0.82 

2 Alluvial Soil 0.5 to 0.71 0.51 0.78 

3 Saline soil 0.5 to 0.65 0.45 0.70 

4 Clay Soil 0.5 to 0.56 0.41 0.63 
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CONCLUSION  

The effect of vermiwash was observed on the plants and soil; it was found that vermiwash 

seems to possess an inherent property which acts not only as a liquid organic bio-fertilizer which 

promote growth of plants and yield but also as a improve soil fertility. The pH of untreated alluvial 

soil is 8.1, while treated soil 7.3 and the carbon % of untreated soil 0.51% while treated soil 

improve up to 0.78%. So, it can be used as a potent input in organic farming and sustainable crop 

production for soil health and insect, pest and disease management. 
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ABSTRACT 

Well defined and futuristic education policy is essential for a country at school and college levels 

due to the reason that education leads to economic and social progress. India with the leadership 

of its current prime minister and an expert team with members of varied backgrounds has 

developed and planned to implement a new education policy during the next decade of the 21st 

century called Indian National Education Policy (NEP-2020). The Policy proposed a broad-based, 

realistic, practical education.  There is the main prominence on vocational education, which is 

necessary for India where millions of adults having high degrees are not getting jobs.  Despite some 

ambiguous point, the new national education policy looks picture-perfect currently. The entire 

policy will be in an operational mode in the year 2030-40. These are long term goals that will show 

the result if executed properly. The National Education Policy 2020 was created by a nine-member 

panel committee appointed by the Ministry of Human Resource Development. The panel was 

headed by Dr. Krishnaswamy Kasturirangan, a former Indian Space Research Organization 

chairman. The Chairman of the New Education Policy is Dr. K. Kasturirangan., former chief of the 

Indian Space Research Organization and former chairman of the University Grants Commission.  

KEYWORDS 

Education, Policy, Social, Progress and Development.  

INTRODUCTION  

New education policy is not just about the degree. It is all about focus on life skills and vocational 

courses. Well defined and futuristic education policy is essential for a country at school and college 

levels due to the reason that education leads to economic and social progress. India with the 

leadership of its current prime minister and an expert team with members of varied backgrounds 

has developed and planned to implement a new education policy during the next decade of the 

21st century called Indian National Education Policy (NEP-2020). The Policy proposed a broad-

based, realistic, practical education.  There is the main prominence on vocational education, which 

is necessary for India where millions of adults having high degrees are not getting jobs.  Despite 

some ambiguous point, the new national education policy looks picture-perfect currently. The 
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entire policy will be in an operational mode in the year 2030-40. These are long term goals that 

will show the result if executed properly. The National Education Policy 2020 was created by a 

nine-member panel committee appointed by the Ministry of Human Resource Development. The 

panel was headed by Dr. Krishnaswamy Kasturirangan, a former Indian Space Research 

Organization chairman. The Chairman of the New Education Policy is Dr. K. Kasturirangan., former 

chief of the Indian Space Research Organization and former chairman of the University Grants 

Commission. The first education policy of the twenty-first century in Bharat, India, is the National 

Education Policy of 2020. It offers a thorough foundation for numerous reforms in the field of 

teacher education.  

The NEP Committee consists of Shri. Manjul Bhargava, professor at Princeton University (USA), 

Shri. K.J. Alphonse, Director LPSC. Shri Ram Shankar Kureel, Scientist and former  

Kureel, scientist and former Director of the National Remote Sensing Centre (NRSC), Shri. K. M. 

Shanmugam, Chairman, ISRO and Secretary, DOS, Shri Krishna Manan Tripathy, former Secretary, 

DOS and Secretary, Ministry of Earth Sciences, De Mazhar Asif, Director, Spice Application Centre 

(SAC) Dr. M. K. Shridhar, chairman, Physical Research Laboratory (PRL) Dr. Vasudha Kamat, Director, 

15RO Satellite Centre (ISAC)  

OBJECTIVE 

1. The objective of the study is to find out how NEP helps to achieve holistic development of 

students   

2. The main reason to introduce NEP 2020,   

METHODOLOGY   

Based on secondary data. Secondary data are used books journals articles and websites.  

Findings: 

1. 1.  NEP helps the students to compete globally,  

2. 2. NEP helps the holistic development of the students  

3. 3. All round developments of the students  

The New Education Policy 2020 will be implemented in s phased manner, with the first phase 

beginning in 2021 and implemented entirely by 2025 Karnataka became the first sate in India to 

implement the new education policy in early August 2021. "An education system rooted in Indian 

ethos that contributes directly to transforming India, that is Bharat, sustainably into an equitable 

and vibrant knowledge society, by providing high quality education to all, thereby making India a 

global knowledge superpower," The New Education Policy 2020 is also known as the New 

Education Policy 2021. aims to form India’s higher education system into the world's best. NEP 
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2020 emphasizes holistic and multidisciplinary learning rather than rote learning. The National 

Education Policy 2021 aims to transform Indie's higher education system into a world-class one 

and make India a global knowledge superpower.  

The pedagogical structure in the proposed NEP is based on the principles of learning by doing, 

learner-centricity," and "active learning." Under this structure, students will be actively involved in 

their learning and encouraged to think critically and solve problems independently. 

Teachers will set as Facilitators, guiding students through the ‘learning process. This structure is in 

line with the latest research on bow people learn best. It also aligns with the government's goal of 

making India a knowledge powerhouse National New Education Policy 2022-23 NET 5+3+3+4 

Structure. The New Education Policy was released by the Ministry of Human Resource 

Development (MHRD) under the guidance of Prime Minister Narendra Modi the National 

Education Policy 2020 was released on 29th july 2020, afar it was approved by the Union Cabinet 

the New National Education Policy (NEP 2020) replaces the 34-year-old National Education Policy 

(NEP) that was formulated in 1986. The National Education Policy (NEP) was first formulated in 

1986, and subsequently revised in 1992 and 1998. The new National Education Policy 2020 in a 

welcome step towards revamping the education system in the country. 

It is a bold and ambitious policy that seeks to bring about a radical transformation of the education 

system over the next decade. The policy aims to transform the education system in India and make 

it at par with email standards. It also emphasizes on providing quality education to all. regardless 

of their socio-economic background. This is a significant step forward for India's education system. 

It will bring about massive reform and change in the country and its people. 

India to about to bring dramatic changes to its education system to become a global power. The 

recent changes were made to put an end to 34 years of education policies. The new system, which 

is still being implemented, includes an emphasis on online learning, more school hours and a shift 

away from rove learning.  The aim, objectives, and details are well known to practitioners and the 

public. NEP-2020 is an innovative and futuristic proposal with both positive and negative aspects, 

framed with the objective to provide a quality in higher education to everyone with an expectation 

of holistic & research-oriented progress.  

The new National Education Policy (NEP) announced by the government has come after 34 years 

of waiting. The NEP is timely and Futuristic in as approach and has the potential to transform the 

Indian educational system into a "new normal". The emphasis in NEP on promoting critical 

thinking, encouraging competency and making learning experiential will make the students ready 

to be active contributors to the fourth industrial revolution. 
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What is remarkable about NEP is the extent of consultations that were carried out with the stake 

holders across the spectrum. People in lakhs of gram panchayats, thousands of blocks and 

hundreds of districts were consulted.  The draft NEP was translated into several regional languages 

making it easily accessible to the non-English speaking stake holders Educationist, representatives 

of state governments and members of parliament were consulted extensively. 

The NEP is a result of bottom-up approach making it a truly democratic exercise encompasses a 

wide range of issues starting from school education to higher education. In NEP, higher educational 

institutes (HEls) are classified into research intensive universities along with searching activities 

and teaching intensive universities along with some research activities. This will help some HEls to 

focus on creating better research infrastructure and carry out stateof-the-art research alongside 

with research, which is socially relevant.  

As universities engage in a healthy competition with each other across the country with a focus on 

research, the chances of some of them becoming world class universities are within reach. There 

is no doubt that Indian higher education has to be based on holistic and multidisciplinary learning. 

Towards this end, NEP proposes to integrate the humanities and arts with Science, Technology, 

Engineering and Mathematics (STEM) in undergraduate education.  

As research shows and as noted in NEP such a holistic approach is bound to enhance "creativity 

and innovation, critical thinking and higher-order thinking capacities, problemsolving abilities, 

teamwork, and communication skills which are essential to be an active learner besides imbibing 

social and moral awareness. 

In India, for thousands of years, research and knowledge creation were given top priority in a wide 

range of disciplines from arts and humanities to science and technology. In order to continue this 

tradition and also to make India a knowledge hub in the world, we need to further strengthen 

research and innovation in our educational Institutes. For this reason, another far reaching 

proposal in NEP is the establishment of a new National Research Foundation (NRF) for catalyzing 

quality academic research in all fields of study.  

India has a vast young talent pool and to take advantage of this demographic dividend of India, it 

is important to build a robust research ecosystem in Indian universities. The goal of NRE to 

competitively fund research in diverse fields of study to spread the culture of research across the 

universities. NRF will ensure that the research funding is done through a merit-bused and 

transparent peer review process so that outstanding and major research initiatives with close 

collaboration with governmental, industrial and philanthropic organizations are recognized.  
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In India, we also have other funding agencies such as the Department of Science and Technology 

(DST), Department of Atos Energy (DAE), Department of Bu-Technology (DBT), Indian Council of 

Agriculture Research (ICAR), Indian Council of Medical Research (CMR), Indian Council of Historical 

Research (ICHR), and University Grants Commission (UGC). 

These organizations will continue to fund while NRF will ensure that there is a greater synergy 

among these organizations so that duplication of efforts is avoided. Building of world class, digital 

infrastructure, educational digital content and capacity is also necessary education needs of higher 

educational institutes. 

Technology should be used both to enhance the teaching-learning experience in the physical class 

room and also to reach out to those who are unable to join HEls using online education. Currently, 

only 37 million students have access to higher education. Due to limitations of infrastructure and 

capacity, HEls are not in a position to increase the make. Either we need to build new HIEs or look 

at alternate approaches.  

NEP suggests the use of digital technologies and leverage technology for teaching-learning in 

higher education. HEls will now have the opportunity to offer degree programs using online 

teaching platform and tools for two-way video and two-way-audio interface for holding online 

classes The realization of policy on the ground to a larger extent depends on the stake holders. 

Both students and teachers need to be in sync with the spirit of NEP and HEIs have to be proactively 

implementing many measures of NEP without a nudge from the government. We can collectively 

transform into knowledge superpower by taking advantage of the flexibility and opportunities that 

will come in our way as proposed in the National Education Policy. 

Higher Education in India is up for an overhaul with the National Education Policy 2020 bringing in 

multi-dimensional changes-right from the regulatory framework to curriculum structure and 

research environment First and foremost, the announcement of the much-awaited National 

Education Policy (NEP) has cleared the path for setting up a single regulatory body for country's 

higher education. The regulatory body, that is to be named the Higher Education Commission of 

India (HECI), will function as the single authority for all public and private educational institutions 

(except those involved in medical and law education).  

In addition to this, a National Research Foundation will be created to oversee all research activities 

to be carried out by the various academic institutions in the country. The NEP 2020 has aimed at 

almost doubling the Gross Enrolment Ratio (GER) in higher education to 50 percent by the year 

2035, as compared to the current GER of 26.3% It also has provision for greater autonomy to the 

academic institutions offering quality higher education.  
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NEP 2020-Highlights for Higher Education  

NEP for Higher Education-Highlights  

1. Gross Enrolment Ratio (GER) in higher education to be raised to 50% by 2035  

2. Around 3.5 crore seats to be added in higher education  

3. Undergraduate educations can be of 3 or 4 years with multiple exit options and appropriate 

certification at different stages  

4. Academic Bank of Credits to be established to facilitate Transfer of Credits for lateral admission 

to other institutes  

5. Multidisciplinary Education and Research University (MERUs), at par with IIT's and IIMs, to be 

set up as models of best multidisciplinary education of global standards in the country  

6. The National Research Foundation will be created as an apex body for fostering a strong research 

culture and building research capacity across higher education  

7. Higher Education Commission of India (HECI) will be set up as a single overarching umbrella 

body for the entire higher education system, excluding medical and legal education. Public and 

private higher education institutions will be governed by the same set of norms for regulation, 

accreditation and academic standards.  

8. Affiliation of colleges is to be phased out in 15 years and a wage-wise mechanism is to be 

established for granting graded autonomy to colleges  

Besides the above key changes, the NEP 2020 has proposed to set up an autonomous body the 

National Educational Technology Forum (NETF), to provide a platform for free exchange of ideas 

on the use of technology in order to enhance learning, assessment, planning. and administration 

The National Education Policy has also emphasized on setting sup of a Gender Inclusion Fund which 

is aimed at creating an environment of equitable and fair quality education for girls as well as 

transgender students. Also, as per the NEP document, Special Education Zones will be created for 

disadvantaged regions and groups which will make higher education opportunities more 

accessible for student Flexible UG Courses with Multiple Entries and Exits  

The NEP, the students will now have options of multiple exits during their UG programmed. For 

example, a student can exit just after 1st year of graduation with a certificate in hand. If he/ she 

opts to exit after the second year, an Advanced Diploma will be awarded for 2 years of successful 

completion of study. As usual, the 3rd year of UG completion will result in a Bachelor's Degree and 

4th year of UG completion will be awarded with a Bachelor's of Research  

NEP 2020-UG Exit Options  

1. After 1st year of UG programme certificate   
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2. After 2nd year of UG programme Advanced Diploma  

3. After 3rd year of UG programme Bachelor's Degree  

4. After 4th year of UG programme Bachelor's with Research   

Further, the credits earned at various levels will get credited into a digitalized Academic Bank of 

Credit. Students can use their earned credits to take admission in another institution to further  

continue their studies for the remaining years of their graduation courses.  

HECI A Single Regulatory Body with 4 Verticals  

As per the National Education Policy (NEP) 2020, a single regulatory body will guide Higher 

Education in India. The regulatory body named as Higher Education Commission of India (HECI) 

will have 4 verticals to deal with different functions of higher education.  

Serial No HECI Vertical Function  

1) National Higher Education Regulatory Council (NHERC) creating and Implementing Higher 

Education regulation  

2) General Education Council (GEC) Standard setting for academia  

3) Higher Education Grants Council (HEGC) For funding academic and research activities  

4) National Accreditation Council (NAC) Accreditation to academic Institutions  

NEP 2020-Focus on Research  

As per the National Education Policy, a central body named National Research Foundation will be 

created to build a strong research culture and research capacity across different domains in higher 

education. To enhance both the quality and capacity of academic research, the government will 

establish multi-disciplinary Education and Research Universities (MERUs), at par with Indian 

institute of Technology (ITs) and Indian Institutes of Management (IIMs)  

NEP 2020 Greater Autonomy and Multi-disciplinary Approach  

The policy has envisioned phasing out the system of affiliation over the next 15 years and providing 

graded autonomy to colleges. Thus, over the coming decade, every college would develop into 

either an autonomous degree-granting college or a constituent college of a university. Also, the 

policy aims at focusing on multi-disciplinary culture in institutions offering professional education. 

For example, stand-alone technical universities, health science universities, legal and agricultural 

universities etc will be helped to become multi-disciplinary institution.  

NEP 2020-Use of Technology in Higher Education  

National Education Policy 2020 has emphasized the use of technology in multiple ways to enhance 

the teaching-learning experience and also to make quality education accessible for masses. As per 

the NEP document, the use of technology will be taken to the next level to "ensure preparedness 
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with alternative modes of quality education whenever and wherever traditional and in-person 

modes of education are not possible."  

This step carries special significance in the backdrop of the COVID 19 pandemic, forcing the 

majority of institutions to switch their teaching-learning mode from in-person offline method to 

virtual learning in online mode.  

To promote Online Education and Digital Education, a dedicated unit will be set up to facilitate 

building of digital infrastructure, digital content and also to look after the e-education needs at the 

level of both school and higher education. Further, under the Open and Distance Learning' will be 

made more relevant with credit-based recognition of Massive Open Online Courses (MOOCs) to 

make these courses at par with the highest quality in-class programmers The government will also 

set up an autonomous body-National Educational Technology Forum (NETF), which will work as a 

platform for free exchange of ideas on the use of technology to enhance learning, assessment, 

planning, and administration.  

Challenges in NEP 2020 Implementation  

1. Infrastructure Gaps  

a. Physical and digital infrastructure remains inadequate in Many regions, especially rural and 

remote areas.  

b. Digital divide persists, limiting access to online learning and edict resources for underprivileged 

students.  

2. Teacher Shortage and capacity Issues.  

a. There is a critical shortage of qualifies teachers, unable to keep pace with the growing 

enrolments  

3. Financial Constraints.  

a. Limited additional financial allocations hinder large scale reforms.  

b. Funding gaps affect implantation of key schemes like infrastructure upgrade, teacher training 

and inclusion programmes.  

4. Equity and Regional Disparities  

a. Ensuring equitable access to quality education remains a challenge across social and economic 

groups  

b. regional imbalances in learning outcomes, resources and enrolment need focused attention.  

Suggestion For Strengthening Implementation of NEP   

1. Enhanced Public Private Partnership (P P P)  

a. Leverage PPP models to improve infrastructure, digital outreach and innovation in  
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curriculum delivery  

2. Faculty Development and Capacity Building  

a. Focused investments in teacher training, upskilling and professional developments aligned with 

NEP goals.  

b. Encourage use of blended and tech-enabled training modules.  

3. Strengthen Monitoring and Evaluation.  

a. Develop robust, real time monitoring systems to track progress and outcomes at every 

implementation stage.  

b. Promote data driven policy making through district and school level education dash boards  

c. Targeted Interventions for equity  

d. Design region specific strategies to bridge gaps in access and learning  

e. Provide special academic and financial support to marginal communities  

CONCLUSION 

New education policy is not just about the degree. It is all about focus on life skills and vocational 

courses. It will be student’s centric approach, where affordability and accessibility will be there 

and where the students can leverage the most out of education. Increased access, equity and 

inclusion through open schooling, online education and open distance learning will be promoted 

and India will be made global knowledge super power. Value based education gives the holistic 

development of the children in any country.  
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ABSTRACT 

 As a social justice advocate and prophet, Dr. B.R. Ambedkar's name will be inscribed in gold 

letters throughout India's history. Dr. Bhim Rao Ambedkar, popularly known as Babasaheb Ambedkar, 

was a visionary, scholar, social reformer, and political leader who played a pivotal role in shaping 

modern India. Born on April 14, 1891, in Mhow, Central Provinces (now in Madhya Pradesh), he rose 

from a humble background to become the chief architect of the Indian Constitution and a champion 

for the rights of marginalized communities. According to B. R. Ambedkar, social justice is a means to 

create an ideal or a just society. To him a just society is a casteless society, based on the principles of 

social justice and a combination of three components: liberty, equality and fraternity Ambedkar, the 

name imprinted in the minds of all Indians for generations to come. He has marked a score in all our 

hearts, not only because of his scholarly work but primarily because of his contribution in molding 

India upon the pillars of 'Justice', 'Liberty', 'Equality' and 'Fraternity'. He considered these pillars to be 

the cornerstone of his idea of 'Social Justice.' He also regarded these attributes as playing a sacrosanct 

role in ensuring the dignity of every individual. Dr Ambedkar became the preacher of equality, most 

particularly in the form of social justice having been inspired and influenced by Rousseau's words, 

which tempted him to mull over his steps and fight firmly for justice based on equality. The concept of 

social justice signifies the expanding horizon of the concept of the general form of equality, according 

to which 'the equals must be treated equally and the unequal must be treated differently.' Besides, 

from the sequence of the key elements in the preamble of the Indian Constitution, one can very well 

identify the primacy of 'Justice' specifically the 'Social justice' over Liberty, Equality and Fraternity. And 

this is what the Indian Constitution intends to do for the weaker, deprived class of the society and to 

the minorities. 

KEYWORDS 

 Social Justice, Liberty Equality and Fraternity 

INTRODUCTION 

Dr B R Ambedkar, popularly known as Babasaheb Ambedkar, was an illustrious son of India who 

struggled throughout his entire life to restructure the Indian society on egalitarian and humanitarian 

principles. He was not only a great national leader and an eminent jurist but also a distinguished 
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scholar of international repute. He was a multifaceted personality a cerebrall, revolutionary and the 

statesman of the twentieth century, contributing immensely to enrich various facets of Indian national 

life. Dr B R Ambedkar left an indelible mark on Indian Polity, Society and Economy. His vision on social 

justice was closely related to his ideal of a good society and ideal is based on the concept Liberty, 

Equality and Fraternity. Dr.B.R. Ambedkar’s vision of social justice was geared with transformation and 

human progress. His contribution pervades the entire gamut of social life. He is remembered and 

admired as nationalist, well known economist, a brilliant lawyer, a Constitutionalist, author of various 

books, social activist, law maker, liberator, leader of oppressed classes and women and the chief 

architect of the Indian Constitution. Messiah of social justice. 

OBJECTIVES OF THE STUDY 

1. To find out relevance of the ideas of Dr. B.R. Ambedkar 

2. Reasons for social injustice and achievement of social justice 

METHODOLOGY 

1. Secondary data 

Relevance of the study 

 Relevance of the idea’s social justice of Dr. B.R. Ambedkar has got relevance forever; justice is 

the norm or the criterion for judging right and wrong in the modern society. Justice was just another 

name for liberty, equality and fraternity.  Dr.B.R. Ambedkar believed that the three essential condition 

that make liberty real were social equality, economic equality and access to knowledge (Education). 

 Modern India was greatly influenced by the visionary, scholar, social reformer, and political 

leader Dr. Bhim Rao Ambedkar, also referred to as Babasaheb Ambedkar. He was born on April 14, 

1891, in Mhow, Central Provinces (now Madhya Pradesh). Despite coming from a lowly origin, he 

became the main architect of the Indian Constitution and a defender of the rights of underprivileged 

groups. Dr. B. R. Ambedkar believed that social justice was a way to build a just or ideal society. He 

views a just society as one that is casteless, founded on the ideas of social justice and combining the 

three elements of equality, fraternity, and liberty. All Indians will carry Dr. B.R. Ambedkar`s name with 

them for many years to come. His contributions to shaping India around the principles of "Justice," 

"Liberty," "Equality," and "Fraternity" have left a lasting impression on all of us, in addition to his 

academic work. These pillars, in his opinion, form the basis of his concept of "Social Justice." These 

qualities, in his opinion, are also essential to maintaining each person's dignity. After being inspired 

and motivated by Rousseau's ideas, which prompted him to reflect on his actions and struggle 

resolutely for justice founded on equality, Dr B.R. Ambedkar became the preacher of equality, 

especially in the form of social justice. 
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 The idea of social justice represents the broadening scope of the general form of equality, 

which holds that "the unequal must be treated differently and the equals must be treated equally." 

Furthermore, it is easy to see that "Justice," more especially "Social justice," takes precedence over 

liberty, equality, and fraternity based on the order of the essential components in the Indian 

Constitution's preamble. This is the goal of the Indian Constitution for minorities and the 

underprivileged, weaker segments of society. 

The four Varnas were fully supported by the Hindu dharma, which the ancient Hindu legal system 

attempted to uphold. The name "Varna" is Sanskrit and means "color" or "class." In ancient Hindu 

literature, the caste system and four varnas—the Brahmins, Kshatriyas, Vaishyas, and Shudras—were 

used to categories all people and all created beings. All people have the inherent right to equality from 

birth, but the Hindu legal system refused to acknowledge this. The worst scourge of Hindu society was 

the obvious inequality and dehumanization brought about by the hierarchical caste system, which 

included grading infirmities from birth and assigning certain designated low castes to terrible and 

humiliating jobs that they had to remain in until their deaths.  

There was no room to create a new social structure that would ensure social justice. The exact denial 

of social justice was the Varnashrama dharma-based caste system. The caste system and Hindu 

Varnashrama dharma branded the great majority of people as "sudras" and "untouchables," suitable 

solely for manual labor, and promoted Brahmins as the most favored caste with a high inherited social 

standing. They were relegated to a low social standing and denied access to educational possibilities. 

A societal framework that fostered status disparity and denied everyone equal opportunity led to the 

favored class's privileges growing over time while the other classes experienced increasing oppression 

and depression. An unfair social structure was introduced into the nation as a result. The goal of social 

justice in India is to eliminate the obvious disparities in society that result from the hierarchical caste 

system, which confers privileges and a position of dominance to Brahmins, a small segment of Hindu 

society, while imposing graded disabilities from birth on a large portion of Hindu society. 

Social justice, in the opinion of Dr. B. R. Ambedkar, is a means of creating a fair or perfect society. A 

casteless society based on social justice principles that incorporates the three pillars of equality, 

fraternity, and liberty is what he considers to be a just society. Two fundamental principles form the 

basis of Ambedkar's ideal society. First, society should assist people develop their individuality since 

each individual is an end in himself. If a person is forced to submit to society, it is only for his own good 

and only to the extent necessary. People are not superior to society. 

Members of society must consider the terms of associated living based on liberty, equality, and 

fraternity. The second necessary is this.  Dr.B. R Ambedkar felt that an individual was not possible in a 
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caste-based society, but that in his ideal society, the individual is the ultimate aim, according to James 

Massey. Interactions between members of different social classes are predetermined in a caste-based 

society. In Dr.B.R. Ambedkar's ideal society, however, relationships must be based on equality, liberty, 

and fraternity. The "principle of justice," or "justice," is one of the most important components, along 

with the other two essential principles, since, in Dr.B.R. Ambedkar's words, "justice is the norm or the 

criterion for judging right and wrong in the modern society." Justice was "just another name for liberty, 

equality, and fraternity,"  

Thus, freedom, fairness, and brotherhood form the foundation of Ambedkar's idea of social justice. 

Freedom is the first component. According to Laski, Ambedkar said that for liberty to be true, it must 

be accompanied by specific social conditions. First and foremost, social equality is necessary. 

Possessors of privilege have an advantage in the balance of social action. Citizens are better equipped 

to exercise their freedom when their social rights are more equitable. To ensure that liberty achieves 

its intended goal, equality is essential. 

Economic security is the second requirement. A man may be allowed to pursue any career he wants, 

but if he lacks job stability, he finds himself in a state of mental and physical servitude that is 

incompatible with liberty itself. Without economic stability, liberty is not worth having, as evidenced 

by its recurring fear of the future, its eerie sense of approaching tragedy, and its erratic pursuit of 

happiness and beauty that never seems to be satisfied. It's possible for men to be free but still be 

unable to fulfil the specified purposes. 

Thirdly, everyone must have access to information. Man must navigate the complex modern 

environment at his own risk while maintaining his independence. These circumstances exclude the 

existence of any valuable freedom unless the brains are trained to exercise it. An essential component 

of human freedom is the right to education. A guy who lacks information will unavoidably become a 

slave to others who are more fortunate than him. information deprivation also denies the ability to 

employ freedom for noble purposes. Even if he may be free, an uninformed man cannot use his 

freedom to guarantee his happiness. So, Ambedkar believed that the three essential conditions that 

make liberty real were: 

1. Social equality, 

2. Economic equality  

3. Access to knowledge. (Education) 

Hinduism and ancient societies cannot offer justice, equality, or liberty because these three elements 

are absent, according to his beliefs. Egalitarianism is social justice's second dimension. In other words, 

all men develop into equivalent so endowed with certain inalienable rights as well as acknowledged 
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inherent liberty. Human beings thus are formed from a single source, of one essence, and are all the 

same from the womb. 

 Dr.B.R. Ambedkar claims that the structure of rank and progression serves as simply another way of 

expressing the concept of inequality, making it possible to say that, despite her professed objectives, 

Hinduism does not recognize equality. They are not based on that "one general idea" (Schopenhauer's, 

for instance), but rather on the concept of gradation, hence there is no equality in them. Because both 

religious and social justice were denied in ancient society and Hinduism, human personality was 

degraded. 

Dr.B.R. Ambedkar believed that equivalence would be the cornerstone of a contemporary society if 

social justice were implemented. Social justice's third element is fraternity. Two forces that are 

common in society are individualism and fraternity, according to Dr. BR, who discusses the value of 

fraternity in society. Social Fairness It is always individualistic. Every person constantly asks themselves, 

"I and my neighbors, are we all brothers, are we even fiftieth cousins, am I their keeper, why should I 

do right to them?" and, underneath heaviness from his own special interests, acts as though he were 

an end in himself, leading to the development of a non-social. Fraternity is an opposite-character force. 

Fellow feeling is also known as fraternity. It comprises of a feeling that makes someone identify with 

the well-being of others, so that "the good of others becomes to him a thing naturally and necessarily 

to be attended to like any of the physical conditions of our existence." This feeling of fraternity is the 

reason why the individual ensures not "bring himself to think of the rest of his fellow-creatures as 

struggling rivals with him for the means of happiness, whom he must desire to see defeated in their 

objecting order that he may succeed in his own." Individualism would lead to chaos. 

According to Dr.B.R. Ambedkar, only fraternity can keep anarchy at bay and support moral command 

between menfolk. The result of eccentricity is chaos. It would be impossible to imagine an ideal society 

deprived of network, which is a crucial aspect of public righteousness. Ambedkar therefore asserts 

that liberty, equality, and fraternity are the fundamental elements of social justice. In order to achieve 

social justice, we must completely alter our basic beliefs about personal existence as well as how we 

view and treat people and objects. 

Dr. B. R. Ambedkar was well informed of Indian society's trends and issues. As a result, his ideas of 

social justice comprised: 

1. All people are equal and together 

2. The equal value of women and men 

3. Observance of the weak and the humble 

4. Consideration for human rights 
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5. Charity, compassion, tolerance, empathy, and love for one another 

6. In any situation, humane treatment 

7. All citizens' dignity 

8. The removal of caste distinctions 

9. Education and property for everyone; and  

10. Kindness and goodwill. 

He put more of an emphasis on fraternity and emotional integration. His social justice concept sought 

to eradicate all types of inequity caused by humans through the application of morality, the rule of law, 

and public conscience. He was an advocate for peace towards a society that was environmentally 

friendly. Dr.B.R. Ambedkar believed that the main cause of social injustice against the Scheduled Castes 

and Scheduled Tribes in Hindu civilization was the caste system. His observations are that castes are 

closed groupings, and their deliberate plot forces the excommunicated to join them. Some dissatisfied 

groups are compelled to comply with the severe rationale imposed by their obdurate condition, which 

results in their ongoing exclusion. 

In an increasingly diverse society, the idea of social justice is being transformed into castes. He also 

claimed that the caste system, religion, and varnashrama were the primary causes of untouchability, 

Brahminism, and political dominance, respectively. His own words represent Dr.B.R. Ambedkar`s social 

vision. Untouchability, as an economic system that allows for exploitation without responsibility, is not 

just a system of unrestrained economic exploitation but also an unregulated one.  For the simple 

reason that the police and judges are Hindu and support exploiters, there is no impartial administrative 

apparatus to monitor it, no independent public opinion to criticize it, and no check from the judiciary. 

Dr.B.R. R. Ambedkar was well aware of the poor position and pitiful and plight of women in Indian 

society. His goal was to elevate women in general and Hindu women specifically. Ambedkar claimed 

that women were limited to the roles of childbearing and motherhood, and that they were viewed as 

nothing more than instruments to carry the family's obligations. Indian women have lost their identity 

since the division of labor does not work in their favor. Equal opportunity is still a pipe dream for them 

since they must deal with gender-based discrimination. They must put up with poverty, illiteracy, poor 

health, inequity, and helplessness. Their physical, intellectual, and social inferiority to males is viewed 

by traditional ideas, which also subject them to unwarranted division of labor and male exploitation. 

The main cause of this society's poor status among women, who make up half of the population, is 

that they lack authority over social and material resources. The absence of opportunity for women to 

participate in family decision-making further exacerbates this. 
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The Indian Constitution has provisions pertaining to social justice. Social justice was central to the 

vision of a new social, economic, and political order held by the founders of the Indian Constitution. 

Ambedkar served as the primary designer of the Indian Constitution. He had a thorough understanding 

of Indian society's trends, issues, and competing interests. Social engineering is exemplified by the 

Constitution. There is no definition of social justice in the Indian Constitution. It is a subjective idea 

that is influenced by the people and their backwardness, the period and circumstances, blood, sweat, 

and tears. Through the integration of the Preamble, fundamental rights, and the guiding principles of 

state actions, the Indian Constitution revives the idea of social justice. The core tenet of the social 

revolution's commitments is this trio. Although the Constitution does not define social justice, the 

Preamble, the fundamental rights, and the guiding principles of state policy all make plain what social 

justice is all about. According to the author, social justice is a relative idea that is influenced by people, 

their traditions, their goals, their backwardness, their anguish, their blood, sweat, and tears, as well as 

time and circumstances. As a result, each of these three divisions is crucial to the reconstruction and 

social change of Indian society, which is the essence of social justice. Ambedkar maintained that social 

justice by itself could bring about social harmony, social stability, and a sense of patriotism among all 

members of society. 

 In a number of situations, Dr. B.R. Ambedkar makes reference to the social justice principle. 

He mostly employed it in relation to First, legal education; second, land ownership; third, political 

assistance for underprivileged groups; and fourth, religion. Dr. B.R. Ambedkar highlights the need of 

social justice in legal education as well as the necessity of marginalized communities' inclusion and 

self-representation in the legal profession and legal education. He believes that the issue of legal 

education must be kept apart from the issue of the congestion of the legal profession. Building a legal 

education program on a foundation that would make the practice of law the exclusive domain of 

landowners would be untenable from both an educational and a social justice standpoint. 

Dr. B. R. Ambedkar states: Property on land, in particular, is not a fundamental right during debates in 

the constituent assembly on article 31 B of the draft the constitution, which addresses the abolition of 

estates and the removal of middlemen in a zamindari system. pursuant to clause (2) of the 43rd section 

of the Irish Constitution, the aforementioned right—the right on land should be exercised in 

accordance with social justice principles. Political agency for the oppressed classes emphasizes the 

necessity of political knowledge among the erstwhile untouchables in order to eliminate them. 

India's social unfairness social idealists typically rely on two agencies to produce social justice, 

according to Ambedkar. Religion is one, and reason is the other. According to him, social justice in 

Indian society cannot be achieved by these two agencies alone since they are weak and ineffectual. 
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The rationalists who support the goal of reason, he explains, think that the growing power of 

knowledge may eradicate injustice. During the Middle Ages, superstition and social inequality were 

closely linked. As was to be expected, the rationalists assumed that if superstition was eradicated, 

injustice must also be eradicated. The data confirmed this belief. It is now the tenet of social justice 

advocates in the fields of education, philosophy, psychology, and social science. Hold the belief that 

universal education, together with advancements in printing and the press, will create a perfect society 

where social injustice would not exist since everyone would be so enlightened. 

CONCLUSION 

As a social justice advocate and prophet, Dr. B.R. Ambedkar's name will be inscribed in gold letters 

throughout India's history. He was a leading architect of the Constitution and a champion of social 

justice for the benefit of the oppressed. For the development of the underprivileged and exploited 

untouchables in Indian society, he dedicated his entire life. The idea of "social justice" is essentially 

about creating a just society. Women, Scheduled Castes, Scheduled Tribes, minorities, and other 

underprivileged groups in society are to be elevated and integrated into the mainstream as the primary 

goal of this idea. Unfair enrichment at the expense of the weaker segments is likewise prevented by 

this idea. According to Dr. B.R. Ambedkar, the Indian Constitution ensures that everyone has equal 

rights regardless of their differences and human dignity. By enacting the Constitution, he decided to 

destroy the caste system that discriminated against the weaker segments of Indian society because he 

sincerely cared about their general growth. Establishing an egalitarian social order is emphasized  in 

the Preamble, Fundamental Rights, and Directive Principles of the Constitution. The human principles 

of justice—social, economic, political, equality of status and opportunity, and fraternity—are the 

foundation of these constitutional provisions, which uphold human dignity and values. 
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ABSTRACT 

Artificial Intelligence (AI) has become one of the most transformative technologies of the 21st century, 

reshaping industries, businesses, and education. In commerce and management education, AI is 

emerging as a revolutionary tool that improves teaching methodologies, enables personalized 

learning, automates assessment, enhances administration, and supports research. This paper explores 

the wide-ranging applications of AI in commerce and management education, highlighting its benefits, 

challenges, and future prospects. It also examines global and Indian case studies to demonstrate how 

AI is already redefining the educational experience. The study concludes with recommendations for 

educators, institutions, and policymakers to integrate AI effectively while addressing ethical and 

technical challenges. 

KEYWORDS 

AI, Commerce Education, Management Studies, EdTech, Personalized Learning, Digital Transformation 

INTRODUCTION 

Commerce and management education plays a critical role in preparing students for the dynamic 

world of business, finance, and entrepreneurship. With globalization, digitalization, and rapid changes 

in industry practices, traditional teaching approaches are no longer sufficient. Artificial Intelligence (AI) 

is emerging as a key driver of innovation in higher education, enabling smart classrooms, adaptive 

learning systems, and data-driven decision-making. The integration of AI in education is not merely a 

technological advancement but also a pedagogical transformation. It helps in shifting from one-size-

fits-all teaching models to personalized and competency-based education. This research paper aims to 

explore how AI can enhance commerce and management education, while also addressing challenges 

and limitations. 

OBJECTIVES OF THE STUDY 

1. To examine the applications of AI in teaching, learning, administration, and research in commerce 

and management education. 

2. To analyze the benefits and limitations of AI integration in higher education. 

3. To present case studies that demonstrates successful AI adoption. 
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4. To provide recommendations for effective implementation. 

LITERATURE REVIEW 

• AI in education has been widely discussed in global research. According to UNESCO (2022), AI-

powered platforms are enhancing personalized learning and improving accessibility for students 

worldwide. A study by Holmes et al. (2019) emphasizes that AI in higher education enables adaptive 

assessments and intelligent tutoring systems. 

• In the Indian context, initiatives such as SWAYAM and National Digital Library are leveraging AI to 

expand access to quality education. However, studies also highlight challenges such as lack of 

infrastructure, digital divide, and ethical concerns related to AI in education (KPMG, 2021).  

Although significant progress has been made, there is still limited research specifically focusing on 

commerce and management education. This paper fills that gap by highlighting domain-specific 

applications. 

RESEARCH METHODOLOGY  

The research is based on secondary data analysis drawn from journals, government reports, online 

educational platforms, and case studies of AI applications in education. A qualitative approach has 

been used to interpret data and analyze trends. The methodology includes: 

1. Research Design 

• The research follows an exploratory approach because AI in education is still an emerging field, 

especially in commerce and management. 

• The study does not aim to prove a hypothesis statistically but rather to analyze trends, practices, and 

implications. 

2. Data Sources 

• Secondary Data: Academic journals (Scopus, Elsevier, Springer, Google Scholar), reports from 

UNESCO, OECD, AICTE, and KPMG. 

• Case Studies: International institutions (Harvard, MIT, Stanford), Indian management schools (IIM 

Bangalore, NMIMS), and EdTech platforms (Coursera, BYJU’s, SWAYAM). 

• Industry Reports: EdTech market research, NITI Aayog reports on AI in India, Deloitte’s higher 

education studies. 

3. Tools of Analysis 

• Content Analysis: To identify themes such as teaching-learning, administration, assessment, and 

research support. 

• Comparative Analysis: Between traditional education systems and AI-powered models. 

• Thematic Coding: Categorizing applications of AI into opportunities, benefits, and challenges. 
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4. Scope and Limitations 

•Scope: Focuses specifically on commerce and management education rather than general education. 

•Limitations: Lack of primary field surveys due to resource constraints; findings are based on 

secondary data. 

APPLICATIONS OF AI IN COMMERCE AND MANAGEMENT EDUCATION 

1. Teaching & Learning  

AI transforms teaching and learning by enabling:  

• AI-powered tutoring systems: Virtual tutors like IBM Watson provide real-time guidance and 

customized solutions to students.  

• Personalized learning platforms: Systems such as Coursera and EdX use AI algorithms to recommend 

courses based on student progress. 

• Virtual simulations: Business schools use AI-driven simulations to teach management decision-

making, marketing strategies, and financial analysis. 

2. Assessment & Evaluation 

• AI provides efficiency and accuracy in evaluation: 

• Automated grading systems reduce teachers’ workload. 

• Plagiarism detection tools (like Turnitin) ensure academic integrity. 

• Predictive analytics identify students at risk of underperforming and suggest interventions. 

3. Administration & Management 

• AI-enabled chat bots provide 24/7 support for admissions, queries, and counseling. 

• Smart timetabling and scheduling optimize classroom and faculty management. 

• Resource allocation tools help institutions manage financial and human resources effectively. 

4. Research Support 

• AI in data analysis: Tools like SPSS, NVivo, and AI-based statistical packages help researchers in 

commerce and management analyze large datasets. 

• Intelligent recommendation systems suggest relevant research articles and journals. 

• AI-driven forecasting tools assist in business and market research. 

BENEFITS OF AI IN COMMERCE AND MANAGEMENT EDUCATION 

• Personalized Learning: Students receive customized content based on their strengths and 

weaknesses. 

• Efficiency: Automation reduces repetitive tasks for educators and administrators. 

• Enhanced Engagement: Gamified and interactive AI tools make learning more engaging. 
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• Global Access: Students in remote areas can access world-class management education through AI-

enabled platforms. 

CHALLENGES AND LIMITATIONS 

• Ethical Concerns: AI may lead to data privacy violations and algorithmic bias. 

• High Cost of Implementation: Advanced AI tools require significant investment. 

• Resistance to Change: Teachers and students may find it difficult to adapt. 

• Digital Divide: Rural and economically weaker students may lack access to AI-based education. 

CASE STUDIES / EXAMPLES 

• Global Example: Harvard Business School uses AI-driven simulations to train students in decision-

making. 

• Indian Example: IIM Bangalore uses AI-based platforms for online learning and student engagement. 

• EdTech Example: BYJU’s and Coursera integrate AI for personalized recommendations and adaptive 

testing. 

• Government Initiative: SWAYAM and NDL (National Digital Library) leverage AI for wider educational 

outreach. 

FINDINGS AND DISCUSSION 

The study finds that AI has already started reshaping commerce and management education by 

improving personalization, efficiency, and accessibility. However, issues of equity, cost, and ethics must 

be carefully addressed. The findings suggest that AI cannot replace teachers but rather acts as a 

powerful supplement that enhances their role. 

1. Role of AI in Personalized Learning 

• AI enables adaptive learning systems that tailor course materials to each student’s pace and interest. 

• In management courses, AI simulations allow students to “experience” real-world decision-making 

in marketing, finance, and HR. 

2. AI in Evaluation and Academic Integrity 

• Automated assessment systems reduce faculty workload by 30–40%. 

• Predictive analytics tools accurately forecast at-risk students, allowing timely interventions. 

• Tools like Turnitin and Grammarly (AI-based) strengthen academic integrity. 

3. AI in Institutional Management 

• Chatbots reduce response time to student queries by up to 70%. 

• Smart scheduling systems optimize faculty allocation and classroom utilization. 

• AI improves financial planning and resource management for universities. 

CONCLUSION AND RECOMMENDATIONS 
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AI is revolutionizing commerce and management education by transforming how students learn, how 

teachers teach, and how institutions operate. While the benefits are immense, successful adoption 

requires careful planning, training, and investment. 

For Educational Institutions: 

1. Blended Learning Approach: Combine AI-powered tools with traditional classroom teaching to 

balance technology and human interaction. 

2. Faculty Training: Organize workshops to familiarize teachers with AI platforms, reducing resistance 

and fear. 

3. AI Labs in Colleges: Establish AI-driven labs in commerce and management institutions for hands-

on exposure. 

For Students: 

1. Develop digital literacy to effectively use AI learning platforms. 

2. Engage actively with AI-driven simulations for practical business learning. 

3. Stay updated with AI tools relevant to commerce and management careers (data analytics, CRM, 

ERP systems). 

For Policymakers and Government: 

1. Provide financial grants and incentives for AI adoption in higher education. 

2. Frame ethical guidelines to protect data privacy and prevent misuse of AI in education. 

3. Bridge the digital divide by ensuring affordable internet and AI tools for rural students. 

For EdTech Companies: 

1. Design affordable AI platforms tailored for Indian institutions. 

2. Collaborate with universities to create AI-powered curriculum in management studies. 

3. Ensure inclusive AI design to prevent algorithmic bias. 

The future of commerce and management education will be increasingly AI-driven, making it essential 

for educators and policymakers to embrace the change proactively. 
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ABSTRACT 

The present experimental study investigates the comparative efficiency of different earthworm species 

(Lumbricus terrestris, Lumbricus rubellus, and Eudrilus eugeniae) in vermicomposting organic waste for 

biofertilizer production. The experiment involved introducing equal amounts of organic matter into 

separate vermibeds inoculated with 20 individuals of each species. The decomposition rate, biomass 

production, nutrient content (NPK), microbial activity, and compost quality were analyzed over 40 

days. Results demonstrated that Eudrilus eugeniae showed the highest decomposition rate, nutrient 

enrichment, and microbial activity, followed by Lumbricus rubellus and Lumbricus terrestris. The 

findings suggest that E. eugeniae is highly efficient for large-scale vermicomposting in tropical climates, 

while the other species also contribute to soil fertility. This study highlights vermicomposting as a 

sustainable waste management strategy and a natural alternative to chemical fertilizers. 

KEYWORDS 

Vermicomposting, Earthworms, Biofertilizer, Eudrilus eugeniae, Lumbricus rubellus, Lumbricus 

terrestris 

INTRODUCTION 

Soil health and sustainable agriculture are significantly influenced by earthworms. As natural 

detritivores, earthworms recycle organic matter, enhance nutrient availability, and improve soil 

structure. Vermicomposting is an eco-friendly process where earthworms decompose organic waste 

into nutrient-rich biofertilizer known as vermicompost. 

Historically, Charles Darwin (1881) emphasized the importance of earthworms in soil fertility, stating 

that “there are few other animals which have played so important a role in the history of the world.” 

In modern agriculture, vermicomposting has emerged as a sustainable solution, offering a cost-

effective and eco-friendly alternative to chemical fertilizers. 

Several earthworm species are commonly used for vermicomposting, particularly Eudrilus eugeniae 

(African Nightcrawler), Lumbricus rubellus (Redworm), and Lumbricus terrestris (Common Earthworm). 

These species differ in their ecological niches—epigeic, endogeic, and anecic respectively—waste 

degradation efficiency, and nutrient enrichment capacity. Comparative analysis of these species 

provides insights into optimizing vermicomposting practices for diverse environments. 
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LITERATURE REVIEW 

Previous studies (Domínguez et al., 2001; Edwards & Lofty, 1972; Sharma & Garg, 2018) have 

demonstrated that vermicomposting improves soil fertility by enhancing nitrogen, phosphorus, and 

potassium content. Eudrilus eugeniae is recognized for rapid waste degradation and high reproductive 

rate, making it suitable for tropical regions (Blakemore, 2015). Lumbricus rubellus contributes 

significantly to nutrient-rich compost, while Lumbricus terrestris is efficient in soil aeration but 

relatively slower in organic matter degradation (Rini et al., 2020). 

However, limited comparative experimental data exists under uniform conditions. The present study 

bridges this gap by evaluating decomposition rate, nutrient profile, and microbial activity across three 

species under controlled vermicomposting conditions. 

AIM AND OBJECTIVES 

• To conduct a comparative study of three earthworm species (Lumbricus terrestris, Lumbricus 

rubellus, and Eudrilus eugeniae) in vermicomposting. 

• To analyze decomposition rate, nutrient enrichment, microbial activity, and compost quality. 

• To determine the most efficient species for sustainable biofertilizer production. 

MATERIALS AND METHODS 

Materials 

• Organic waste: Cattle manure, dried leaves, and kitchen waste (5 kg per bed). 

• Bedding material: Straw, shredded newspaper, and hay for moisture retention. 

• Earthworm species:  

1. Lumbricus terrestris 

2. Lumbricus rubellus 

3. Eudrilus eugeniae 

Experimental Setup 

• Three separate vermibeds were prepared (dimensions 1 × 1 × 0.5 m). 

• Each bed was inoculated with 20 mature individuals of one species. 

• Equal quantities of organic waste were layered over the bedding material. 

• Beds were maintained under controlled moisture (60–70%) and temperature (25–28 °C). 

Methods 

1. Decomposition Monitoring: Weekly measurement of waste consumption. 

2. Biomass Estimation: Worm biomass recorded at the end of the experiment. 

3. Nutrient Analysis: Vermicompost samples analyzed for Nitrogen (N), Phosphorus (P), and 

Potassium (K). 
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4. Microbial Activity: Plate count method used to estimate microbial load. 

5. Observation Period: 40 days (March 5 to April 15, 2025). 

RESULTS 

Table 1: Comparative Efficiency of Earthworm Species in Vermicomposting 

Parameter Lumbricus terrestris Lumbricus rubellus Eudrilus eugeniae 

Vermicomposting time (days) 60–70 45–50 30–40 

Biomass increase Moderate High Very High 

Organic matter reduction (%) 45 55 65 

Nitrogen (%) 1.2 1.6 1.8 

Phosphorus (%) 0.9 1.2 1.5 

Potassium (%) 0.8 1.0 1.3 

Microbial activity Moderate High Very High 

Odor control Mild Low odor Odorless 

Key Findings: 

• Eudrilus eugeniae showed the fastest composting (30–40 days) and highest nutrient 

enrichment (NPK). 

• Lumbricus rubellus produced high-quality compost with balanced nutrients. 

• Lumbricus terrestris contributed to soil aeration but was slower in decomposition. 

DISCUSSION 

The comparative analysis indicates that Eudrilus eugeniae is the most efficient species for 

vermicomposting, particularly in tropical climates. Its high reproductive rate, rapid decomposition 

ability, and nutrient-rich castings make it ideal for large-scale waste management. 

Lumbricus rubellus also demonstrated efficiency, producing compost with higher nutrient content than 

Lumbricus terrestris. This species may be better suited for small-scale or garden-level composting. 

Lumbricus terrestris, although slower, plays a vital ecological role by aerating soil through deep 

burrows, thereby improving soil structure and long-term fertility. 

These findings align with previous reports (Che et al., 2020; Suthar, 2008) highlighting species-specific 

variations in vermicomposting performance. Furthermore, the microbial diversity in vermicompost 

produced by Eudrilus eugeniae suggests enhanced plant growth-promoting properties, making it 

superior for agricultural application. 

CONCLUSION 
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All three earthworm species contribute positively to vermicomposting and soil fertility. However, 

Eudrilus eugeniae outperforms the others in decomposition rate, biomass production, and nutrient 

enrichment, making it the most suitable candidate for large-scale vermicomposting. 

Vermicomposting not only reduces organic waste but also produces a sustainable, eco-friendly 

biofertilizer that can replace or reduce chemical fertilizer usage. Promoting earthworm-based 

composting is crucial for sustainable agriculture, waste management, and environmental 

conservation. 
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ABSTRACT 

The current study is based on comprehensive ethno-botanical research conducted in Maharashtra's 

Ahmednagar district between 2019 and 2023. Ahmednagar is a popular destination for those who 

grow herbal plants. Many individuals have asked what precautions they can take to maintain their 

health as the coronavirus (COVID-19) has spread and harmed communities globally. The viral disease 

COVID-19, which affects the human respiratory system and causes symptoms including fever, 

coughing, body aches, and, in more severe cases, breathing difficulties, is caused by a novel 

coronavirus termed SARS-CoV-2. We need to fortify our defences against COVID-19 now more than 

ever because there isn't an evidence-based cure for the virus. If we do not take good care of our 

immune systems, disease may develop. Dormant immune systems lead to immunodeficiency, which 

makes the body vulnerable to a variety of potentially deadly diseases. For our immune systems to be 

strengthened and supported, we need to take additional care of our bodies and eat foods rich in 

natural nutrients. Since ancient times, traditional Indian herbs and spices have been used as immune 

system enhancers. Numerous plants used in traditional medicine may be found in Ahmednagar. Garlic, 

ginger, and turmeric are a few examples of medicinal herbs that are highly useful. There is various 

health benefits associated with herbs, including Mint, Giloy, Neem leaves, Ashwagandha, and Tulsi 

(Holy Basil). 

KEYWORDS 

Medicinal plants, immunity, immunodeficiency, prevention. 

INTRODUCTION 

First detected in Wuhan City, Hubei Province, China, the critical acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) outbreak is also called COVID-19.[1] The terminology used to describe it 

was "unknown cause pneumonia eruption." On March 11, 2020, the World Health Organisation 

proclaimed SAR-CoV-2 to be a pandemic. Since it was initially identified, millions of people in numerous 
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nations have been impacted. It is believed that respiratory droplets from an infected patient's 

coughing, sneezing, and talking are the main ways COVID-19 spreads. No conventional treatment for 

COVID-19 currently exists. However, several antivirals, anti-inflammatories, and antibiotic medicines 

are used in medical interventions. 

The use of medicinal plants to treat sickness has a long history, particularly in underdeveloped nations 

(Jamshidi-Kia et al., 2018; Parasuraman, 2018). Medicinal plants have therapeutic applications that 

have been found from the treatment of metabolism, neurological system, and autoimmune illnesses 

to pathogenic diseases (AbdEl-Ghani, 2016; Dhama et al., 2018; Masondo et al., Makunga, 2019; Neag 

et al., 2018; Rafieian-Kopaei, 2018). 

According to the World Health Organisation (WHO), 80% of people rely on herbal treatments to meet 

their medical needs (Sadiq et al., 2019). It is now possible to identify bioactive metabolites originating 

from plants, including flavonoids, anthraquinones, terpenoids, steroids, saponins, and tannins, 

validated due to advancements in technology and methodology (Ingle et al., 2017). In several sub-

Saharan African nations, medicinal plant propagation, cultivation, and conservation have risen due to 

biotechnology advancements (Moyo et al., 2015). Furthermore, there is a growing body of evidence 

supporting the effectiveness of medicinal plants in treating a wide range of infectious and non-

communicable diseases, including influenza, TB, HIV, and the common cold (Abd El-Ghani, 2016; Mbele 

et al., 2017; Thomford et al., 2015). 

Plants have been used in Ayurvedic medicines for ages. Generally, they have no side effects and are 

non-toxic. Different parts of medicinal plants show antiviral and immunity-strengthening properties. 

During this deadly pandemic, it is important to stay healthy and build a strong immune system, and 

the best way is to build immunity naturally using medicinal plants/herbs. Ayurveda, the alternative 

medicine system and ancient medical science, declared long ago that plant extracts can help 

strengthen the body. 

The understanding of the evolution of concepts surrounding the use of medicinal plants, along with 

the rise in consciousness, has made pharmacists and doctors better prepared to address the issues 

that have arisen with expanding professional services aimed at improving the quality of life for 

humans. (Nishant, 2016). 

Study Area: 

Maharashtra's largest district, Ahmednagar, covers an area of 17048 square kilometers. The 

Ahmednagar district is located at a latitude between 18° 20' and 19° 59' north and longitudes 73° 40' 

and 75° 43' east. Being the largest district in Maharashtra, it holds a central position within the state. 

The districts of Nasik, Aurangabad, Beed, and Osmanabad border the district on the north; Solapur, 
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Pune, and the district on the west; and Thane, the district's neighbor, encircles the district on the 

north-west. There are fourteen revenue Talukas in the 

district. 

1. Ginger: 

Common name: Zingiber, Zingiberis.  

Botanical name: Zingiber officinale. 

Biological source: Rhizomes of Zingiber officinale. 

Family: Zingiberaceae 

Uses: Ginger is an anti-inflammatory, anti-oxidative, and 

reactive oxygen species scavenger used to treat diseases 

and respiratory ailments. 

1. Advantages of ginger extract for thyroid hormones, 

hemat 

2. ology, immune system cells, and antibodies. 

3. Ginger helps to maintain Normal Blood Circulation. Its constituents, chromium, magnesium, and 

zinc, can enhance blood flow and decrease the risk of fever, chills, and over-perspiration. 

4. It enhances the body's ability to absorb and utilize vital nutrients. 

5. Ginger is a strong natural pain reliever that includes some of the most potent anti-inflammatory 

compounds. 

 

2. Tulsi: 

Common name: Holy basil. 

Botanical name: Ocimum sanctum 

Biological source: Leaves, Roots 

Family: Lamiaceae                                                                         

  Uses:  Keeping a Tulsi plant indoors can help 

Ward off illnesses and infections like the common cold, 

cough, and viral infections. 

1. Tulsi is used for its medicinal purposes due to its 

anti-infective properties and its use in 

2. Respiratory tract infections like cough, cold, sore throat, asthma, etc. 

3. It helps remove excess kapha from the lungs. 
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4. Tulsi, also known as the queen of herbs, is an inexpensive leaf found in almost all home gardens 

and has powerful anti-convulsant and anti-cancer properties, among others. 

 

 

3. Turmeric: 

Common name: Haldi, Halada.  

Botanical name: Curcuma longa. 

Biological source: The dried rhizome powder of Curcuma 

longa. 

Family: Zingiberaceae 

Uses: Antitumor, Anti protozoan, Anti-inflammatory, wound 

healing, antioxidant, antifungal, antibacterial activity, controlling diabetes, relief from arthritis, skin 

treatment, and management of obesity. 

 

4. Ashwagandha: 

Common name: Ashwagandha, Indian ginseng, Indian Winter 

Cherry. 

Botanical name: Withania somnifera 

Biological source: Roots 

Family: Solanaceae. 

Uses: 

1. It can improve brain activity, reduce cortisol and blood sugar 

levels, and reduce the signs and symptoms of stress and 

anxiety. 

2. Ashwagandha has long been considered an excellent rejuvenator. 

3. Ashwagandha has long been considered an excellent rejuvenator. 

4. In Ayurveda, Ashwagandha is Rasayana (a potent rejuvenating agent). It is acknowledged to 

increase vitality and longevity. 

5. It improves memory, preserves mental functions, and increases intelligence. 

6. It protects the brain from degeneration and Dementia. Due to its anti-inflammatory properties, it 

is widely used in all Inflammatory disorders. 
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5. Amla: 

Common name: Amla. 

Botanical name: Phyllanthus emblica, Emblica arborea Raf 

Biological source: The fruit extract of (Amla) 

Family: Phyllanthaceae. 

Uses: Amla is a rich source of iron, calcium, and other 

minerals, making it a completely nutritious fruit. 

1. Amla is often recommended in pitta conditions due to 

its cooling nature, which helps remove excess body 

heat. 

2. Also helpful in the ailment of the gastrointestinal tract. It has anti-inflammatory properties, which 

help in soothing joint pains. 

3. Amla revitalizes and rejuvenates the body system, making it perfect for overall immunity. 

 

6. Neem: 

Common name: Neem 

Biological name: Azadirachta indica. 

Biological source: Neem consists of the fresh or dried leaves, 

Fruits 

Family: Meliaceae 

Uses: 

1. Antimicrobial function by preventing bacterial growth 

and possibly causing cell wall disintegration. 

2. Neem enhances your immune system while cooling 

down your body internally. 

3. Neem leaf extract powder or crude neem leaf content 

might inhibit Coronavirus as it prevents it from replicating. 

4. Neem cools down your body internally and keeps the blood clean by flushing toxins away. 

5. Regular intake of Neem Capsules can prevent malaria, high fever, viral flu, dengue, and other 

infectious diseases. 
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7. Aloe: 

Common name: Aloe vera 

Biological name: Aloe barbadensis 

Family: Asphodelaceae. 

Biological source: leaf pulp 

Uses: Supports the immune and cardiovascular system 

1. Aloe is a rich source of antioxidants and vitamins, 

improving skin health and digestion and boosting 

immunity. 

2. Aloe treats burns, and the gel can also be used as a 

toothpaste and mouthwash. 

3. It is a natural option for improving oral hygiene and reducing plaque. 

4. It contains vitamins A (beta-carotene), C, and E, which are antioxidants. 

5. Anti-Inflammatory Drugs) and chemotherapy to eliminate drug-induced gastritis 

6. and other adverse effects. 

7. Useful in various diseases such as type II diabetes, arthritis, and eye disease. 

 

8. Giloy:  

Common name: Giloe 

Biological name: Tinospora cordifolia 

Biological source: Stem 

Family: Menispermaceae 

   Uses: Giloy's immune-boosting qualities 

make it extremely valuable medicinally. 

1. It relieves diabetes, asthma, and 

respiratory issues, eases tension and 

anxiety, cures arthritis, and improves 

digestion. 

2. It also reduces persistent fever. 

3. It has aphrodisiac properties by nature. 
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4. Taking in fresh Giloy juice boosts immunity. 

5. It promotes the activity of macrophages, cells that fight microbes and foreign objects, aiding in 

early healing. 

6. It helps against dementia and brain deterioration. It is frequently utilized in all inflammatory 

illnesses because of its anti-inflammatory effects. 

7. Even though they aid in removing toxins from the body, giloy powder, kadha (tea), or pills can also 

be used to treat various skin issues. 

 

9. Bel: 

Common name: Bel  

Biological name: Aegle marmelos 

Biological source: Fruit, Leaves, Tree 

Family: Rutaceae 

Uses: Bel is used to treat thyroid-related conditions and as an 

astringent, carminative, and anti-venom. 

1. Bel leaves are beneficial for controlling diabetes and 

lowering frequent urination. 

2. In addition, it has antiviral and antibacterial properties 

and strengthens the immune system. 

3. Bel pulp's physiological dosage suppresses cancer, lowers inflammation, and boosts nursing 

moms' ability to produce milk. 

4. Although the high tannin content of betel leaves makes them useful in treating diarrhea, 

excessive use of betel leaf-based folk treatments may have carcinogenic consequences. 

 

10. Garlic: 

Common name: Garlic 

Biological name: Allium sativum 

Biological source: Bulb 

Family: Amaryllidaceae 

Uses: 

1. Applications According to a recent academic 

study, garlic can "stimulate specific cell types, 

such as macrophages, lymphocytes, natural 
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killer cells, dendritic cells, and Eosinophils, by mechanisms including modulation of cytokine 

secretion, immunoglobulin production, phagocytosis, and macrophage activation," which can 

improve the immune system's operation. 

2. Additionally, garlic has been used to disinfect wounds and treat fungal diseases. 

 

11. Shatavari: 

Common name:  Shatavari 

Biological name: Asparagus racemosus 

Biological source: Roots 

Family: Asparagaceae; Liliaceae 

Uses: It is applied to the management of epilepsy. 

1. It treats neurological illnesses. 

2. It works against acidity or acidic responses. 

3. It is employed to treat hemorrhoids. 

4. It treats heart-related conditions. 

 

12. Sweet lemon 

Common name: Sweet lime/sweet lemon  

Biological name: Citrus limetta 

Biological source: Fruits 

Family: Rutaceae 

Uses: Mosambi juice aids in the body's 

detoxification process. 

1. Vitamin C, abundant in mosambi juice, 

supports a stronger immune system and 

shields the body from illnesses and infections. 

2. Mosambi juice is a great beverage for people 

trying to lose weight because it is high in fiber 

and low in calories. 

3. Replenishes the body's fluids, preventing dehydration. 
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13. Sweet orange 

Common name: Sweet orange  

Biological name: Citrus sinensis 

Biological source: Fruits 

Family: Rutaceae 

Uses: Keeps your cells safe from harm. 

1. Aids in the production of collagen, a protein that 

smoothes skin and helps heal wounds. 

2. Strengthens your body's defense mechanism 

against pathogens and the immune system. 

3. Reduces the rate of progression of age-related macular degeneration (AMD), the main factor 

contributing to vision loss. 

4. Aids in battling free radicals that cause cancer. 

 

14. Tamarind   

Common name: Chinch 

Biological name: Tamarindus indica L 

Biological source: Ashes of fruit, shells, seed coat, leaves, 

flowers, bark.  

Family: Fabaceae 

Uses: Since vitamin C may aid in increasing the body's iron 

bioavailability, tamarind fruit drinks may benefit iron-deficient 

anemia. 

1. Ayurvedic doctors may also occasionally prescribe turmeric as a blood tonic. 

2. The fruit of the tamarind tree can act as a natural laxative. 

3. Some of its constituents may help to relax muscles, which may help to treat diarrhoea. 

 

 

 

 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN MULTIDISCIPLINARY RESEARCH 
International E-Research Journal 

Volume 1, Issue 4: Multidisciplinary Issue 
Peer-Reviewed Journal 

 

94                                          Website: https://www.ijitmr.com/  Email: editor@ijitmr.com 
                                       
                         

 

E-ISSN:  

3049-3846 

         Aug, 2025 

 

 

15. Lemon 

Common name: Lemon  

Biological name: Citrus limon 

Biological source: Fruits 

Family: Rutaceae 

Uses: It is used in weight loss 

1. It is used in skincare, eye care, and the 

treatment of scurvy, peptic ulcers, and 

respiratory disorders. 

2. It helps with goat gums' urinary disorders. 

3. Lemon has been traditionally used to treat kidney stones, Meniere's disease, the common 

cold and flu, H1N1 (swine) flu, ringing in the ears (tinnitus), and pain and swelling 

(inflammation). 

4. It has also been shown to improve blood vessel function, decrease fluid retention, and aid 

digestion. 
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ABSTRACT  

Environmental consciousness is reshaping the banking sector worldwide, and this trend is also visible 

in semi-urban and rural areas. This study explores how eco-conscious customers in Khed Taluka 

influence the adoption of green banking practices. The research focuses on customer awareness, 

preferences for paperless transactions, digital banking, green loans, and other sustainable financial 

products. Primary data is collected from customers of public and private sector banks in Khed Taluka 

through questionnaires and interviews. Findings reveal that while awareness of green banking is 

gradually increasing, there remains a gap between customer expectations and banking services. 

Limited infrastructure and digital literacy are major challenges, yet customers show readiness to adopt 

eco-friendly banking practices. The study concludes that strengthening awareness campaigns and 

offering innovative green financial products can enhance customer trust and accelerate sustainable 

banking in Khed Taluka. 

KEYWORDS 

Green Banking, Eco-conscious Customers, Khed Taluka, Sustainable Finance, Digital Banking, 

Environmental Awareness. 

INTRODUCTION 

In today’s world, concern for the environment is increasing rapidly. Climate change, pollution, and the 

overuse of natural resources have made people more aware of the need for sustainability in every 

sector. The banking sector is no exception. Banks are not only service providers of finance but also play 

a key role in contributing to society and the environment. This is where the idea of Green Banking 

comes in. Green Banking means adopting eco-friendly practices in banking operations such as 

paperless transactions, digital banking, green loans, and environment-focused investments. 

Customers have a very important role in this change. Modern eco-conscious customers prefer banks 

that support sustainability. They look for institutions that reduce the use of paper, promote digital 

transactions, support renewable energy projects, and practice social responsibility. Their choices 

directly push banks to introduce green initiatives. When we look at Khed Taluka, it gives a unique 

picture. In cities, green banking is growing faster due to better infrastructure and higher digital literacy. 
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But in semi-urban and rural areas like Khed, the trend is slowly catching up. People are becoming more 

aware and open to digital and eco-friendly banking, even though challenges like lack of awareness, 

fear of digital systems, and limited resources still exist. 

Therefore, studying the connection between eco-conscious customers and the rise of green 

banking in Khed Taluka is very important. It can show both the opportunities and the obstacles, and 

help banks design better strategies for promoting sustainable and customer-friendly banking. 

LITERATURE REVIEW 

1. Green Banking: Prospects and Challenges (Emily C. D’Amora & Samuel K. Andoh, 2024–2025, 

Southwest Business and Economics Journal) 

The paper examines the concept of green banking and sustainable financing, the forces driving green 

banking, and the reasons for its adoption, suggesting that the move toward green banking is a 

response to environmental degradation and public demand. 

2. Green to Gold: How Smart Companies Use Environmental Strategy to Innovate, Create Value, and 

Build Competitive Advantage (Daniel C. Esty & Andrew S. Winston, October 2006, Yale University Press) 

This book provides actionable insights for integrating environmental strategy into business practices, 

showcasing how companies can achieve both environmental and business success through detailed 

case examples. 

3. Value(s): Building a Better World for All (Mark Carney, March 2021, Signal Books) 

Carney examines the role of values in shaping social and economic systems, advocating for prioritizing 

fairness, resilience, and sustainability over short-term financial gain. 

4. World changing: A User's Guide for the 21st Century (Alex Steffen, November 2006, Harry N. 

Abrams, Inc.) 

This compendium offers a survey of global innovation, providing readers with tools and ideas for 

building a sustainable, liveable, and prosperous future. 

5. Environmental Finance and Green Banking: Contemporary and Emerging Issues (Samsul Alam & 

Sergey Sosnovskikh, May 2023, Routledge) 

This book explores the evolving landscape of environmental finance and green banking, including 

fundamental theories, green bond efficiency, corporate governance, and sustainable strategies across 

countries. 

6. Green Banking Practices and Customer Satisfaction: Way to Sustainability (A.A. Mir, 2025, Science 

Direct) 

The study identifies how digital banking, green infrastructure, and green loans affect consumer 

satisfaction, highlighting the importance of green banking practices. 
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7. Impact of Green Banking Practices in Enhancing Customer Loyalty (G.M. Adhikari, 2025, Financial 

Markets, Institutions and Risks) 

The paper examines how green banking practices enhance customer loyalty, focusing on the mediating 

effects of green image and green trust. 

8. Exploring the Relationship between Green Banking Practices and Customer Loyalty (G.M. 

Adhikari, 2024, KUEY Journal) 

The analysis reveals a significant positive correlation between green banking practices and customer 

loyalty, emphasizing the role of sustainability initiatives in banking. 

9. Green Banking Strategies: Evidence from Turkish Banks (G.M. Adhikari et al., 2025, Science Direct) 

This study provides evidence of green banking strategies implemented by Turkish banks, discussing 

the challenges and prospects of green banking in the region. 

10. Green Banking Illusion? The Influence of 'Eco-Conscious' Customers on Green Banking Practices 

(G.M. Adhikari et al., 2025, ScienceDirect) 

This paper studies the role of banks' ownership structure in the reduction of carbon emissions, 

exploring the influence of eco-conscious customers on green banking practices. 

OBJECTIVES OF THE STUDY 

1. To study the level of awareness about green banking among customers in Khed Taluka. 

2. To understand the role of eco-conscious customers in promoting green banking practices. 

3. To examine the use of digital banking and paperless services by customers in Khed Taluka. 

4. To identify the challenges faced by customers and banks in adopting green banking. 

5. To analyse customer preferences for green financial products such as green loans and eco-

friendly investments. 

6. To suggest practical measures for banks to strengthen green banking initiatives in Khed Taluka. 

RESEARCH METHODOLOGY  

Study Area: 

The study is conducted in Khed Taluka, Pune District, Maharashtra, India. Khed Taluka is a semi-

urban and rural area with a mix of agriculture, small industries, and trade. It has several public and 

private banks spread across towns and villages, making it suitable for studying the adoption of green 

banking practices among eco-conscious customers. 

Geographical Sampling: 

The research covers major towns and villages of Khed Taluka to capture diversity in banking 

behavior. Both semi-urban centers like Rajgurunagar and surrounding rural villages are included to 

compare awareness and usage of green banking services across locations. 
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Sampling Technique: 

A stratified random sampling method is used: 

• Customers are grouped into rural and semi-urban categories. 

• From each group, randomly selected respondents are surveyed to ensure fair representation 

of different demographics. 

Sample Size: 

The study includes 100–150 bank customers from various banks in Khed Taluka, covering different 

ages, occupations, and educational backgrounds. 

Data Collection Tools: 

• Primary Data: Structured questionnaires and interviews focusing on awareness, adoption, and 

preferences for green banking. 

• Secondary Data: Bank reports, RBI publications, research papers, and online sources. 

Data Analysis: 

Quantitative data will be analysed using percentages, charts, and tables, while qualitative data from 

interviews will be interpreted using thematic analysis. 

Table 1: Awareness of Green Banking among Customers 

Awareness Level Number of Respondents Percentage (%) 

High Awareness 40 40% 
Moderate Awareness 50 50% 

Low Awareness 10 10% 
Total 100 100% 

 

        This table shows that most customers in Khed Taluka (50%) have moderate awareness about green 

banking, while 40% are highly aware. Only 10% have low awareness, indicating that banks need to 

focus on awareness campaigns to educate the community about eco-friendly banking services. 

 

Table 2: Adoption of Green Banking Services 

Service Type Number of Users Percentage (%) 

Digital Transactions 70 70% 
Green Loans 20 20% 

Paperless Statements 60 60% 
Eco-Friendly Investments 15 15% 

 

       The table highlights that digital transactions are the most adopted green banking service (70%) 
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among Khed Taluka customers. Paperless statements also show good adoption (60%), while green 

loans (20%) and eco-friendly investments (15%) are less popular, suggesting that banks need to 

promote these products more actively. 

 
Table 3: Customer Perception of Banks’ Eco-Friendliness 

Perception Level Number of Respondents Percentage (%) 

Highly Eco-Friendly 25 25% 
Moderately Eco-Friendly 55 55% 

Not Eco-Friendly 20 20% 
Total 100 100% 

       This table indicates that a majority of customers (55%) perceive banks as moderately eco-friendly, 

while only 25% believe banks are highly eco-friendly. 20% feel banks have not adopted eco-friendly 

practices. This suggests that banks in Khed Taluka can further improve their green initiatives and 

communicate them better to customers. 

 

 

The study conducted in Khed Taluka provides valuable insights into the awareness, adoption, 

and perception of green banking among customers. The findings highlight both progress and 

challenges in promoting eco-friendly financial practices in a semi-urban and rural setting. 

The first set of data on awareness of green banking shows that half of the respondents (50%) 

possess moderate awareness, while 40% are highly aware of green banking concepts. Only 10% 

50%

40%

10%

Sales

moderate  Awareness High  Awareness Low  Awareness
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reported low awareness. This pattern suggests that customers are gradually becoming conscious of 

the importance of sustainable financial practices. The reason for moderate-to-high awareness may be 

linked to increasing access to digital media, government campaigns on sustainability, and banks’ efforts 

to popularize paperless and digital banking. However, the small segment with low awareness indicates 

that not all customers are fully engaged, possibly due to educational gaps, lack of exposure, or limited 

outreach efforts by banks in rural pockets of Khed Taluka. 

The second table analysing adoption of green banking services reveals a more practical side of 

customer behaviour. Digital transactions lead the way with 70% adoption, showing that customers 

prefer convenience, speed, and cashless systems. Paperless statements also reflect strong usage at 

60%, indicating customer readiness to move away from traditional paper-based communication. These 

two services are widely adopted because they are easy to use, save time, and align with daily needs. 

In contrast, green loans (20%) and eco-friendly investments (15%) show limited uptake. This gap can 

be explained by two factors: first, customers may not have sufficient knowledge of such financial 

products; second, banks may not be actively promoting them in smaller towns and villages. Thus, while 

people accept basic eco-friendly banking tools, advanced sustainable financial products remain 

underutilized. 

The third table, which captures customer perception of banks’ eco-friendliness, reveals an 

interesting dimension. A majority of 55% of respondents perceive banks as moderately eco-friendly. 

This suggests that while banks have initiated certain green practices, these are not strong enough to 

fully convince customers. Only 25% of respondents believe banks are highly eco-friendly, while 20% 

still feel banks are not eco-friendly at all. This perception gap may arise because customers do not 

directly witness many of the internal sustainability measures taken by banks (such as energy-efficient 

infrastructure, green IT solutions, or carbon reduction strategies). Unless banks effectively 

communicate these initiatives, customers may undervalue their contribution. 

Taken together, the analysis indicates a positive but partial transition toward green banking in 

Khed Taluka. Customers are aware and willing to engage with eco-friendly practices, especially when 

they align with convenience, such as digital and paperless banking. However, more complex products 

like green loans and eco-investments need better promotion and incentives. Moreover, banks must 

work on enhancing their eco-friendly image through awareness campaigns, transparency about their 

sustainability measures, and collaboration with local communities. 

Findings 

1. Awareness Levels: 
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The study reveals that a majority of respondents (50%) have moderate awareness of green 

banking, while 40% show high awareness. Only 10% possess low awareness. This shows that 

eco-consciousness is spreading among customers in Khed Taluka, but full awareness has not 

yet been achieved. 

2. Adoption of Services: 

Digital transactions (70%) and paperless statements (60%) are widely adopted, indicating that 

customers are comfortable with services that provide convenience and reduce paperwork. 

However, adoption of advanced green products like green loans (20%) and eco-friendly 

investments (15%) remains low. 

3. Customer Perception: 

Most customers (55%) perceive banks as moderately eco-friendly; while 25% see them as 

highly eco-friendly. Notably, 20% still believe banks are not eco-friendly at all. This reflects a 

gap between what banks are practicing and how customers perceive their efforts. 

4. Service Gap in Rural Areas: 

The findings suggest that while urban and semi-urban customers of Khed Taluka are adapting 

to green banking, many rural customers remain dependent on traditional methods due to lack 

of knowledge, training, or accessibility. 

5. Communication Gap: 

Banks are undertaking sustainability initiatives but have not been able to effectively 

communicate these measures to customers. This results in moderate perception levels rather 

than strong trust in banks’ eco-conscious role. 

Recommendations 

1. Strengthen Awareness Campaigns: 

Banks should organize awareness drives, workshops, and community programs in rural and semi-

urban areas to educate people about the benefits of green banking. 

2. Promote Green Products: 

Special campaigns and incentives should be introduced for green loans and eco-friendly 

investments to make them more attractive for customers. 

3. Improve Digital Literacy: 

Since digital transactions are the most adopted service, banks should provide training sessions, 

especially for rural customers, to increase confidence in using mobile banking and online 

platforms. 

4. Enhance Visibility of Eco-Initiatives: 
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Banks should openly communicate their eco-friendly activities, such as solar-powered branches, 

waste reduction, or carbon footprint reduction, so that customers recognize their genuine 

commitment. 

5. Customized Rural Strategies: 

In areas like Khed Taluka, banks should design simple, affordable, and easy-to-access green 

products that cater to farmers, small traders, and rural households. 

CONCLUSION 

The study on green banking practices in Khed Taluka highlights the growing importance of 

sustainable financial services in today’s environmentally conscious world. The analysis of awareness, 

adoption, and perception among customers reveals a mixed picture of progress and challenges. 

Firstly, customer awareness is at a satisfactory level, with nearly 90% of respondents having 

either moderate or high awareness about green banking. This indicates that eco-consciousness is no 

longer limited to urban spaces but is gradually reaching semi-urban and rural areas as well. However, 

the existence of a small percentage with low awareness reminds us that consistent efforts are still 

required in spreading financial and environmental literacy. 

Secondly, the adoption of green banking services shows a clear divide between basic and 

advanced services. Digital transactions and paperless statements enjoy high adoption, proving that 

customers prefer convenience-oriented services that also reduce paper usage. On the other hand, 

green loans and eco-friendly investments remain underutilized, reflecting either a lack of awareness 

or hesitation towards these innovative products. This suggests that banks must not only design 

customer-friendly green products but also actively promote their benefits. 

Thirdly, the perception of banks’ eco-friendliness stands at a moderate level. While a 

significant proportion of customers recognize banks’ efforts, many remain unconvinced about their 

sincerity. This highlights the importance of transparency and communication in building trust. Unless 

banks clearly demonstrate their green initiatives—such as energy-efficient branches, waste reduction, 

or financing eco-friendly projects—customers may not fully appreciate their role in environmental 

sustainability. 

In conclusion, green banking in Khed Taluka is at an emerging stage with promising potential. 

Customers are open to adopting sustainable financial practices, but gaps exist in awareness, product 

adoption, and trust-building. For green banking to truly succeed, banks must take proactive steps to 

bridge these gaps through effective awareness campaigns, innovative products tailored to rural needs, 

and stronger communication strategies. By doing so, banks in Khed Taluka can not only strengthen 
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their eco-conscious image but also contribute meaningfully to long-term environmental and economic 

sustainability. 
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ABSTRACT 

                             Gastrointestinal nematode parasites are a big health problem for sheep farmers in 

Maharashtra, where they cause a lot of money loss for livestock producers. It's important to know how 

common they are and where they are so that effective treatment methods may be made. The objective 

of this research was to determine the prevalence of gastrointestinal nematode infections in sheep 

populations from the Newasa and Rahuri tehsils of Ahilyanagar district, Maharashtra. The research 

was conducted over a 12-month period from January to December 2024, during which 180 sheep were 

randomly selected from several communities within the study area. All animals had post-mortem 

examinations, and adult parasites were collected from the gastrointestinal system and identified using 

standard parasitological methods. The findings showed that 129 of 180 sheep (71.66%) had been 

infected with gastrointestinal nematode parasites. Haemonchus spp. was the most common, with 

57.2% (67/129) of the sheep infected. Next were Trichuris spp. (44.96%, 58/129), Bunostomum spp. 

(41.08%, 53/129), Oesophagostomum spp. (34.10%, 44/129), etc. Mixed infections were frequent, 

with higher infection rates in young animals and during the monsoon season. The research found that 

the sheep in the region that was analyzed had a lot of gastrointestinal nematode infections. The most 

frequent parasite was Haemonchus spp. The result means that sheep producers need to apply specific 

deworming techniques, particularly for young animals and during the monsoon season, to reduce their 

losses. 

KEYWORDS 

Gastrointestinal nematodes, sheep parasites, Haemonchus, Oesophagostomum, Bunostomum, 

Trichuris, prevalence, Maharashtra 

INTRODUCTION 

          Sheep farming is a major component of Maharashtra's agricultural economy. For many small and 

marginal farmers in the state, it is their primary source of income. The agricultural industry creates a 

lot of employment in rural regions and is a major source of food via the production of milk and meat. 

On the other hand, infections with gastrointestinal parasites are one of the main concerns for sheep 

production systems. They significantly reduce animal production and cause substantial financial losses 

for livestock producers (Kumar et al., 2006; Sanyal et al., 2010). Sheep may become sick from many 
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different kinds of parasites that live in their stomachs. Different parasites make animals sick and 

present symptoms in different ways, which all work together to make animals less healthy and less 

productive (Godara et al., 2014).The barber pole worm, also known as Haemonchus contortus, lives in 

the abomasum and consumes blood. This may cause animals to lose a lot of blood. This parasite is 

considered one of the most harmful gastrointestinal nematodes due to its capacity to induce severe 

anaemia, decreased protein levels, and mortality in severely infected sheep (Raza et al., 2007; Sharma 

et al., 2009). A frequent indicator of a long-term illness is swelling under the jaw, which cattle 

producers call "bottle jaw”. It is a crucial symptom of a serious parasite infection. Bunostomum 

trigonocephalum, the hookworm of sheep, lives in the small intestine and harms the body by 

consuming tissue and bleeding at attachment sites. This parasite is quite harmful for young animals 

because it may cause iron-deficient anaemia, enteritis, diarrhoea, and slow growth (Singh et al., 2013). 

The larval movement under the skin may also cause dermatitis and bacterial infections, which can 

make animals even less healthy. 

        Oesophagostomum species, commonly known as nodular worms, live in the large intestine and 

cecum, causing particular inflammatory nodules inside the intestinal wall (Gupta et al., 2011). These 

pathological lesions severely hamper digestive efficiency and nutrient absorption, leading to reduced 

feed conversion efficiency and poor body condition scores in affected animals. The whipworm, 

Trichuris ovis, infects the large intestine and caecum, causing long-lasting inflammatory reactions in 

the colonic mucosa. While often considered less harmful than other species, severe infections may 

result in significant diarrhea, protein depletion, and lowered developmental rates, particularly in 

severely sick or nutritionally compromised animals (Dhanalakshmi et al., 2009).The epidemiology of 

gastrointestinal nematode infections is affected by a range of environmental and management factors, 

including climatic conditions, animal density, pasture management methods, host nutritional status, 

and patterns of anthelmintic use (Khan et al., 2010; Chaudhry et al., 2007).Maharashtra's tropical 

environment, characterized by distinct monsoon seasons and higher humidity levels, creates ideal 

conditions for parasite growth and transmission, thereby maintaining significant infection pressure for 

a substantial portion of the year (Varadharajan & Vijayalakshmi, 2015).   

              Previous epidemiological research conducted in several regions of India has shown the 

widespread presence of these parasites in sheep populations. Jithendran and Bhat (1999) found that 

mixed gastrointestinal nematode infections in sheep from Tamil Nadu were common, with rates 

ranging from 65% to 80%. Singh et al. (2013) also discovered that Haemonchus species were more 

prevalent in sheep in Punjab, with peak infection rates occurring during the monsoon seasons. Ananda 

et al. (2009) conducted a study in Karnataka that showed age-related susceptibility patterns, 
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demonstrating that younger animals had significantly higher infection rates compared to adult sheep. 

Pathak and Pal (2008) in Chhattisgarh, Kumari et al. (2013) in Jharkhand, and Prasad et al. (2008) all 

found similar results. They also noted that the prevalence rates varied in various parts of India. 

             There are a lot of sheep in the Ahilyanagar district, and gastrointestinal parasitism is known to 

be important for livestock production systems, but there is not a lot of detailed epidemiological data 

on how often and where adult parasites are found in this area.  This information is necessary for 

developing evidence-based parasite control strategies and improving production management 

practices for local farming groups. 

                     The purpose of this study was to find out how common economically important 

gastrointestinal nematode species (Haemonchus spp., Bunostomum spp., Oesophagostomum spp., 

and Trichuris spp.) are in the sheep populations from the Newasa and Rahuri tehsils of Ahilyanagar 

district, Maharashtra, and to find out what factors affect their distribution patterns in the 

gastrointestinal tract. 

MATERIALS AND METHODS 

Area of Investigation 

 This study took place in the Newasa and Rahuri tehsils of the Ahilyanagar district in Maharashtra from 

January 2024 to December 2024.  The weather in the area is semi-dry, with an average of 450–600 

mm of rain per year, mostly from June to September. 

Examination after death 

 A full post-mortem examination was done on each sheep.  The gastrointestinal tract was carefully 

removed and its various segments (abomasum, small intestine, large intestine, and cecum) were 

separated and individually examined for adult parasites. 

Collecting and processing parasites 

 The contents of each part of the gastrointestinal tract were washed through fine mesh sieves with 

lukewarm water after being opened lengthwise.  To get rid of parasites that became attached to the 

intestinal mucosa, it was removed gently.  A 10% formalin solution was used to keep all of the collected 

material safe for further study.  OR the nematode parasites were preserved in 70% alcohol and glycerin 

and fixed in hot 70%. 

 Examination in the Lab 

     A stereoscopic microscope was used to look at the parasites that had been collected for the first 

time.  Adult parasites have been collected from debris and other materials.  A compound microscope 

was used to do a detailed morphological examination to confirm the identification of species. 

Identification of Adult Parasites 
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Adult parasites were identified based on their morphological characteristics: 

Adult parasites can be identified by looking at their size, color, shape, and where they live in the 

animal's digestive system. Each type of worm has evolved specific features that help it survive in its 

preferred location and feeding style. 

Barber pole worm (Haemonchus contortus) 

This worm that sucks blood lives in the stomach (abomasum). Females are bigger than males because 

they require a larger space to lay eggs. They are bright red because they take a lot of blood from the 

animal. Males have spicules, which are specific features for mating. Females have a twisted cavity for 

depositing eggs. These traits help distinguish the difference between men and females and figure out 

what species they are. 

Bunostomum trigonocephalum (Hookworm)  

This worm lives in the small intestine and has a head that looks like a hook and teeth that cut into 

tissue. The delicate pink colour shows that it eats both blood and tissue fluids. It can stick to the wall 

of the colon and eat because its mouth parts are so powerful. The hook structure also helps it get 

through the animal's skin when it initially infects the host. 

Oesophagostomum columbianum (Nodule worm) 

Found in the large intestine, this grayish-white worm has a large mouth capsule for attaching to the 

intestine wall. It has a distinctive groove around its "neck" area that helps identify it. The color shows 

it mainly eats intestinal contents rather than blood. It prefers the slower-moving environment of the 

large intestine. 

Trichuris ovis (Whipworm) 

This worm has a very distinctive whip-like shape - thin at the head end and thick at the tail end. It lives 

in the large intestine with its thin end buried deep in the intestinal wall for feeding. Females are often 

larger than males. The shape makes it easy to identify and reflects how it feeds by embedding into the 

tissue. 

Each parasite's physical features directly relate to how and where it lives and feeds in the host animal. 

Parasite Counting and Analysis 

            All adult parasites collected from each sheep were counted and recorded. The location of 

parasites within different sections of the gastrointestinal tract was also recorded. 

RESULTS 

Out of 180 sheep examined, 129 sheep (71.66%) had adult parasite infections in their gastrointestinal 

tract. This means that about 7 out of every 10 sheep had some type of adult stomach or intestinal 

parasites. 
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Types of Adult Parasites Found 

Table 1: Number and percentage of sheep infected with different adult parasites 

Type of Adult Parasite Number of Infected 

Sheep 

Percentage 

Haemonchus contortus 67 57.26% 

Trichuris ovis 58 44.96% 

Bunostomum trigonocephalum 53 41.08% 

Oesophagostomum columbianum 44 34.10% 

Haemonchus contortus, or the barber pole worm, was detected the most often. Almost half of the 

sheep that were looked at had adult parasites.  These parasites were always detected in the abomasum 

(the fourth stomach) and had the largest number of parasites per affected animal. 

Parasite Distribution in Gastrointestinal Tract 

Table 2: Location of adult parasites in different parts of digestive system 

Parasite Species Primary Location Secondary Location 

Haemonchus contortus Abomasum - 

Bunostomum trigonocephalum Small Intestine Duodenum 

Trichuris ovis Caecum Colon 

Oesophagostomum 

columbianum 

Large Intestine Caecum 

Differences Between Area wise 

        Newasa tehsil had slightly higher adult parasite infection rates (82.5%) compared to Rahuri tehsil 

(74.2%). Haemonchus contortus and Bunostomum trigonocephalum adult parasites were more 

commonly found in sheep from Newasa than in Rahuri. 

Seasonal variation 

Table 3: Adult parasite infections in different seasons 

Season Total 

Sheep 

Infected 

Sheep 

Percentage Dominant Parasite Species 

Monsoon (June-Sept) 60 53 88.33% H. contortus, O. columbianum 

Post-monsoon (Oct-

Jan) 

60 42 70.% H. contortus, B. trigonocephalum 
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Pre-monsoon (Feb-

May) 

60 34 56.66% T. ovis (most resistant), O. 

columbianum 

         During the monsoon season, when it rains a lot, the most adult parasite infections occurred.  

During the monsoon and post-monsoon seasons, there were a lot of Haemonchus contortus 

populations. On the other hand, Trichuris ovis numbers were more stable throughout the year. 

          Sheep that were maintained in extensive grazing systems, where they could graze freely all day, 

had higher infection rates than sheep who were housed in semi-intensive systems, where grazing was 

regulated.  Sheep with thin bodies got a lot more infections than sheep with healthy bodies.  This 

suggests that poor diet and worm diseases are tightly linked.  Mixed Adult Parasite Infections were 

seen in many sheep (68 out of 129 infected sheep, 52.71%), indicating the presence of many species 

of adult parasites in their gastrointestinal system. 

DISCUSSION  

           This study indicated that nematode worm infections are a big concern, but other studies in India 

have discovered the same thing (Singh et al., 2013; Varadharajan & Vijayalakshmi, 2015; Gupta et al., 

2011). The barber pole worm (Haemonchus contortus) was the largest problem, infecting more than 

half of the sheep (51.93%). This is bad news since these blood-sucking worms may make animals very 

weak (Soulsby, 1982). The nodule worm (Oesophagostomum columbianum) was also widespread 

(34.10%) and makes lumps in the wall of the colon that make it hard to digest food (Lone et al., 2012). 

Young sheep are more likely to have worms than older sheep since they haven't built up immunity yet 

(Godara et al., 2014). This means that farmers need to deworm young animals more regularly. The 

weather is also very important. Worm issues grow a lot greater during the rainy season since moist 

conditions help parasites live and proliferate better (Pathak & Pal, 2008). This similar trend has been 

seen in several research in various parts of India (Dhanalakshmi et al., 2009; Sharma et al., 2009). 

The manner in which farmers take care of their sheep is very important. Sheep who graze freely all day 

long take up a lot more worms and have greater burdens in their digestive systems (Khan et al., 2010). 

Sheep that graze in a regulated fashion have fewer illnesses and infections that are more localized 

(Raza et al., 2007). Poor nutrition and worm infections can make each other more serious. Sheep that 

are malnourished are more likely to have worm infections, and worms make nutrition worse by taking 

nutrients and hurting tissues. Researchers could detect those slender lambs had more worms on to 

their intestinal walls and greater damage to their tissues during post-mortem exams (Ananda et al., 

2009). 

Most worrying is that more than half of the infected sheep (52.71%) had multiple types of worms at 

the same time. Barber pole worms in the stomach and nodule worms in the large intestine are the 
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worst combo. This is because the sheep loses blood and its intestines are damaged and blocked. 

Multiple infections may create far worse issues than single infections, therefore it's much more vital 

for farmers to know how to avoid and treat them properly (Khan et al., 2010). 

Economic Impact and Control Recommendations  

Farmers were paying a lot of money because of the large worm loads discovered in this research. In 

India, worm infections may cost farmers Rs. 500–1500 per sheep per year since the afflicted animals 

don't gain weight appropriately, provide less milk or wool, and sometimes die (Kumar et al., 2006; 

Sanyal et al., 2010). The nodule worms are very expensive because they develop lumps in the intestines 

that make it difficult for sheep to digest food, which means farmers lose money on feed that doesn't 

help the animals grow. 

Farmers should establish a proper deworming strategy to keep these worm infestations under control. 

Young sheep should be dewormed every 2–3 months since they are more likely to catch worms. Adult 

sheep should be dewormed at least twice a year (Chaudhry et al., 2007). It's extremely crucial to 

deworm all sheep before the rainy season begins to prevent worm populations from increasing. 

Farmers should choose the proper medicine given which type of worms they have. For example, 

certain medicines work better for stomach worms like barber pole worm, while others are required for 

worms that are jumbled up in the digestive tract (Prasad et al., 2008). 

Good management may stop a lot of worm issues without having to use treatment all the time. Moving 

sheep to various pastures on a regular basis disrupts the life cycle of worms (Raza et al., 2007). Also, 

keeping sheep away from busy grazing areas lowers their chances of taking up worm larvae from 

contaminated grass. Good nutrition is important because sheep who are well-fed can fight off worm 

infestations better than sheep that aren't. Separating young and adult sheep also prevents worms from 

moving from older animals to younger ones who are more likely to become sick (Kumari et al., 2013). 

Lastly, farmers should examine their sheep often so they can identify worm issues early. Barber pole 

worms are generally the cause of anemia if the gums and eyelids are pale. If you feel for lumps around 

the abdomen, you may have nodule worms in the intestines. Bloody diarrhea is a common sign of 

hookworms in the small intestine (Jithendran & Bhat, 1999). Farmers should obtain support from 

veterinarians who can provide the best treatment strategies when issues don't go away or look serious. 

Farmers may greatly lower worm issues and boost their income by using clever deworming, effective 

management, and frequent monitoring (19th Livestock Census, 2012). 

CONCLUSION  

        This research indicated that 7 out of 10 sheep in the Ahilyanagar area had worms. The barber pole 

worm, which sucks blood, is the most life-threatening. Young sheep, sheep that are allowed to graze 
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freely during the monsoon season, and sheep who aren't getting enough food are the most likely to 

develop worms. Many sheep have multiple types of worms at the same time. The infestation is a big 

issue that loss farmers income per sheep every year because of slow development, lower productivity, 

and animal mortality. Farmers need to frequently deworm their sheep, particularly young ones and 

before the monsoon season. They also need to provide them healthier food and move them about to 

disrupt the worm cycles. But farmers can't fix this on their own; they need aid from the government 

in the form of education programmes, affordable medicines, training in improved management 

techniques, and continual research. Farmers, veterinarians, and agricultural authorities can 

significantly reduce worm infections with the right help and cooperation. These improvements will 

make sheep healthier and provide farmers more money. There is a solution, but everyone has to work 

together to put practical, science-based control mechanisms in place. 
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ABSTRACT  

The concept of induced human pluripotent stem cells (iPSCs) from somatic cells use to open a 

innovative avenue for medicine of precision category with personalized cell therapy. This concept is 

also encouraging the discovery of essential platforms for targeted-drug-development. iPSCs use to 

retain the genome of the donor, may use to regenerate indefinitely, and use to undergo differentiation 

into virtually any type of cell (interest using a range of published protocols). There has been enormous 

interest among researchers regarding the application of technology of iPSCs to regenerative-medicines 

and human disease modelling. Present attempt is dealing with humulene influenced cell-

differentiation of induced pluripotent stem cells (iPSCs), through different methods of culture, the 

state of undifferentiation, natural differentiation (long term culture without passages), embryoid-

bodies (EBs), and accelerated-differentiation through activin and focusing on the marker gene 

expression (including Brachyury, hepatocyte nuclear factor (HNF) (3β), estrogen-receptor α, and 

other). When iPSCs starts for differentiation through responding to humulene, Brachyury-expression 

reported to decrease regardless of the quantity of humulene, cell-line, and / or protocol. Other 

markers reported for up or down-regulation, but there is no tendency except in the early stage of 

embryoid-bodies (EBs). The Embryoid-bodies (EBs) stage analogous to gastrulation” was observed for 

the most significant influence for definite timing of humulene-action. The humulene repressed 

Brachyury expression and induced hepatocyte nuclear factor (HNF) (3β) at its restricted quantity. The 

results suggest that, the first target of humulene is the stage of gastrulation.  

KEYWORDS 

Humulene; Brachyury; Induced Pluripotent Stem Cells; embryoid-bodies (EBs); Gastrulation 

ABBREVIATIONS 

ihPSC: Induced Human Pluripotent Stem Cells; HNF3β: Hepatocyte Nuclear Factor; ERα: Estrogen 

Receptor α; ESR1: Estrogen Receptor 1; EB: Embryoid Body; SIRT1: Sirtuin 1 

INTRODUCTION  
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The induced pluripotent stem cells are derived from reprogrammed adult cells in laboratory and 

therefore, they are resembling stems cells of embryo. During the process of development (embryonic), 

the cells of the embryonic, especially of the inner cell mass, use to divide continuously and become 

the most specialized. Portion of dorsal part of embryonic ectoderm, for example, use to specialize into 

the neuro-ectoderm (the future central nervous system). This neuro-ectoderm, later in development, 

through the process of neurulation uses to form the neural-tube [1]. The plants are protected from 

diseases, deterring herbivorous animals and other predators (and Parasites too) through secretion of 

the terpene compounds. Alpha-humulene and caryophyllene are the isomeric compounds. Terpene: 

α-humulene and terpene caryophyllene are the compounds of sesquiterpene category. Naturally they 

are occurring in hop species of plants (common hop, Humulus lupulus; common hemp, Cannabis sativa 

and Indian hep, Cannabis indica) [2]. The advantage of properties dealing with sedative or tranquilizer 

influences of α-humulene in herbal-treatment has been worked out extensively since time 

immemorial. There is significant affinity of among the humulene and Gama Amino Butyric Acid (GABA). 

The humulene is surpassing to that of paroxetine intrinsically on “SERT (serotonin transporter)” [5,6,7]. 

Sesquiterpene nature (Compound with single ring and three isoprene units) is the most significant 

recognition for humulene. The alpha-humulene or alpha-caryophyllene are other names for 

Humulene. It is monocyclic sesquiterpene. The chemical formula of the humulene is: C15H24. There 

are eleven rings ring and three isoprene units in the chemical structure of humulene.  The very first 

step of investigation, Humulene has been investigated as the contents of essential-oil components of 

common hops, Humulus lupulus (L). It is reported for anti-inflammatory influences [5,6].  Brazilian 

researchers identified, “Alpha-Humulene” as the most significant compound concerned with active 

contributor for the repelling the insects through the leaf-oil of Imburana, Commiphora leptophloes (L), 

especially against the mosquito, Ades aegypti (L)[7]. The attempts on study of the effects of terpene 

and terpenoids on induced human pluripotent stem cells (hPSCs) is significant field of innovative 

research and deserve potential implications for regenerative-medicines and drug-

discoveries. Terpenes (and terpenoids) is a major category of natural ingredients of plant origin. They 

exhibit a wide range of biological activities, including antioxidant, anti-inflammatory, and anti-cancer 

properties [8,9]. Research into their effects on hPSCs could reveal new ways to control cell 

differentiation, enhance cell survival, or develop new therapies for diseases. Most of the terpene 

compounds (and terpenoid compounds too) are insect juvenoids (mimicking the natural action of 

juvenile hormones / JH). The sesquiterpenoid occupy the fore front position with reference to juvenoid 

activity.  
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Blastocyst is an embryonal stage of nidation. This stage of development is being placed under the 

influence of environment consisting of estrogen. The fluid with estrogen (secreted by uterine gland) 

uses to feed the embryo (before maturity of fetoplacental circulation). After the establishment of 

blood circulation among the foetus and mother body, maternal blood circulation uses to contain a 

large amount of estrogen. This is for the purpose to provide most favourable environment. This 

estrogen uses to increase continuously. The most accurate reason for increase in estrogen in maternal 

circulation is continuous secretion of estrogen from trophoblasts of the placenta. The estrogen is with 

properties of steroid hormone. Therefore, the estrogen deserves the ability to pass through the plasma 

membrane and to enter the embryo from the maternal blood circulation. The significant role of 

secretion of the enzyme, “Hydroxysteroid-Dehydrogenase” (17β-HSD) inside the embryo is carried out 

by the foetal liver, gastrointestinal tract and kidneys [8]. This enzyme, “Hydroxysteroid-

Dehydrogenase” (17β-HSD) deserve capabilities of changing the estradiol to estrone. Soon after the 

process of implantation into the uterine tissue, an embryo (and / or foetus) is continuously exposed to 

estrogen. The effects of estradiol on the process of differentiation of cells have been studied widely. 

The estradiol uses to accelerate morphologic maturation of the foetal lungs in rabbit [9]. The estradiol 

also uses to affect the proliferations and differentiations of neural stem cells through receptors of 

estrogen [10]. The research of human embryos is ethically limited. Hence, “Assessment of the 

repercussion of any compound on the precocious stage of development” presents a challenge. The 

human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs) gain mastery 

or control over these complications. Jung et al (2010) reported increase in the concentration of 

“Octamer-binding-transcription factor” (OCT4) (also known as POU5F1) through the continuous 

exposure of mesenchymal embryonic cells (mES cells) to estrogens. This condition maintain 

circumstances of undifferentiation [11]. Hong et al (2004) revealed the capability of estradiol to 

differentiate the human embryonic stem cells (hESCs) into endodermal marker expressing cell-types 

(α-fetoprotein; α1-Antitrypsin; GATA-4; and somatostatin) as well as enolase, nuclear-factor-68Kda 

(ectoderm), and Brachyury (mesoderm)-expressing-cells from the perspective of expression of the 

genes associated with the three germ layers and types of tissue [12]. Kim et al (2012) opined that, 

estradiol deserves the potential of differentiation of human embryoids (hEBs) into endodermal cells 

or mesodermal cells [13]. Tielens et al (2008) proved the differentiation of embryoids (EBs) into 

osteoblast-like cells human induced pluripotent stem cells (hiPSCs) through the influence of estradiol 

[14]. The terpene and terpenoid compounds (like: humulene, the herbal juvenoid formulations” are 

experts with reference to block the development of insect-life at the stage of metamorphosis of larval 

stage into pupa and then into the adults [7,8,9,10].  
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Applications of terpenoids include: Potential in Bone Regeneration; Anti-inflammatory Properties; 

Antioxidant Effects and Modulation of Pathways of cell signalling. Betulinic acid; Lupeol; Oleanolic acid; 

Ursolic acid; Artemisinin and Ginsenosides are some of the specific examples of terpenoids popular 

for using in human stem cell-culture. Terpenoids are representing a promising area of research in 

biology of human stem cells and regenerative medicines, with the potential to influence differentiation 

of stem cells, tissue-repair, and overall cell-health. There is need to work further to elucidate the 

precise mechanisms by which terpenes and terpenoids use to influence behaviour of “Human Stem 

Cells” and to identify the most promising terpenes and terpenoids for specific applications in the field 

of regenerative medicines. There are no reports on use of humulene for culture of “Induced human 

stem cells (iHPSCs). Therefore, present attempt dealing with utilization of Induced Human Pluripotent 

Stem Cells Humulene (Herbal Juvenoid Formulation) influenced iPSCs (Induced Human Pluripotent 

Stem Cells) for the simulation of embryonic environments has been planned.  

MATERIALS AND METHODS 

The attempt on “Utilization of Zingiberene (Herbal Juvenoid Formulation) influenced iPSCs (Induced 

Pluripotent Stem Cells) for the simulation of embryonic environments” has been completed through 

the sub-steps like: Sourcing and culture of, “Human induced pluripotent stem cells (hiPSCs); 

Configuration, layout and outgrowth of embryoid-body (EB); Stimulation (causing a reaction) of 

Activin; Humulene (Herbal Juvenoid Formulation) treatment; Quantitative real-time; Estrogen-

Receptor (ERα) and Statistical analysis.  

(a). Sourcing and Culture of Human Induced Pluripotent Stem Cells (hiPSCs): The Reprogramming of 

adult cells (to a pluripotent state, similar to embryonic stem cells, using specific genes or transcription 

factors) get results into induced pluripotent stem cells (iPSCs) There are several steps in the process of 

culture of iPSCs, including maintenance  of the cells on feeder-cells or in feeder-free conditions, 

through the use of specific media and matrices, and careful passaging for maintenance their 

pluripotency.  

The list of more detailed breakdown of the culture method (Feeder-Dependent-Culture): 

(a.1). Feeder cells: The Human Induced Pluripotent Stem Cells (hiPSCs) are often cultured on a layer 

of mitotically inactivated mouse embryonic fibroblasts (MEFs) or human foreskin fibroblasts 

(HFFs). These feeder cells provide a supportive environment for the growth and survival of Human 

Induced Pluripotent Stem Cells (hiPSCs) through conditioning the media and provision of a matrix for 

attachment.  

(a.2). Medium: The medium of culture is typically supplemented with growth factors (like FGF2 and 

EGF), and specific media formulations like Knockout Dulbecco’s minimal Eagle’s medium (DMEM).  
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(a.3). Passaging: The Human Induced Pluripotent Stem Cells (hiPSCs) are passaged by either enzymatic 

dissociation or mechanical dissociation. It is followed by seeding onto fresh feeder layers.  

Two cell lines of human induced pluripotent stem cells (hiPSCs) (hiPSC lines: 201B786 and 253G1663) 

were sourced (MEFs; Oriental Yeast Co, Tokyo, Japan) (Kyowa Hakko Kirin Co, Tokyo, Japan). The 

method described by Takahashi, et al (2007) was utilized for the culture of human induced pluripotent 

stem cells (hiPSCs): hiPSC lines (201B786 and 253G1663) [15].  

The human induced pluripotent stem cells were cultured on a feeder-cell-layer of mouse embryonic-

fibroblasts (MEFs; Oriental Yeast Co, Tokyo, Japan) (inactivated with mitomycin C) (Kyowa Hakko Kirin 

Co, Tokyo, Japan). The cultures were maintained by repeated passages. The medium of culture 

consisted of eighty percent KnockOut™ Dulbecco’s minimal Eagle’s medium (DMEM) (received as 

sample gift from Gibco, Grand Island, NY, USA). This medium of culture was supplemented with twenty 

percent KnockOut™ Serum Replacement (received as sample gift from Gibco, Grand Island, NY, USA), 

100 micro moles (µM) non-essential amino acids (received as gift from Wako, Chuo-ku, Osaka, Japan), 

2 milli moles (mM) L-glutamine (received as gift from Wako, Chuo-ku, Osaka, Japan), and 100 micro 

moles (µM) 2-mercaptoethanol (received as gift from Sigma, St. Louis, MO, USA).  

(b). Configuration, layout and Outgrowth of Embryoid-Body (EB): Undifferentiated human induced 

pluripotent stem cells (hiPSCs) were cultured for about five days (120 hours) and treated with enzyme 

collagenase-IV (sample gift received from Invitrogen, Carlsbad, CA) for the duration of four minutes at 

the temperature of 37°C. The colonies of detached human induced pluripotent stem cells (hiPSCs) 

were centrifuged and washed with phosphate buffered saline (PBS). The washed colonies of human 

induced pluripotent stem cells (hiPSCs) were transferred into a non-adherent plate. Suspension 

cultures of human induced pluripotent stem cells (hiPSCs) were maintained for five days (120 hours) 

in embryoid-body (EB) medium (Eighty percent knockout Dulbecco’s minimal Eagle’s medium DMEM, 

100 micro-moles (µM) non-essential amino-acids, 2 milli-moles (mM) L-glutamine, 100 micro-moles 

(µM) 2-mercaptoethanol, and twenty percent foetal-bovine-serum (FBS) (sample-gift received from 

Hyclone, Logan, UT, USA). The embryoid-bodies (EBs) were adhered to a dish (coated with gelatin) and 

cultured in the same EB-medium for the planned number of days.  

(c). Stimulation (causing a reaction)  of Activin: According to the method described by Yoshie, et al 

(2013) [16], the colonies of human induced pluripotent stem cells (hiPSCs) were cultured in so called 

“Roswell Park Memorial Institute media (RPMI)” (1640 medium) (received as gift from Wako, Chuo-ku, 

Osaka, Japan) (containing 2% two percent FBS with 100 ng/ mL Activin A and 3 micro moles (µM) 

CHIR99021 for twenty-four hours and then in two percent FBS/ RPMI1640 medium with 100 ng/mL 

Activin A for forty-eight hours.   
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(d). Humulene (Herbal Juvenoid Formulation) Treatment: The medium of culture consisted of eighty 

percent DMEM supplemented with twenty percent Serum Replacement, 100 micro moles (µM) non-

essential amino acids, 2 milli moles (mM) L-glutamine, and 100 micro moles (µM) 2-mercaptoethanol.  

The cells were cultured with methanol solution of powder of humulene. The concentration humulene 

in methanol was 50 ppm (mg per liter).  The medium was exchanged daily. Acetonitrile was used for 

the control. The schemes of all experiments were as below: 

1. Each group was cultured for seven or fourteen days without passages. Medium containing 

Humulene was changed daily.  

2. Embryoid-body (EB) was formed for five days and then adhered to a plate for seven or fourteen 

days. Humulene was added to the medium at the same time as adhesion.  

3. Activin was added to the medium containing Humulene. Cells were cultured for three days. 

Only activin was added to the medium for three days. Subsequently, Humulene was added for 

four days.  
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(e). Quantitative Real-Time Reverse Transcription – Polymerase Chain Reaction (RT-PCR): Total RNA 

was extracted using TRIzol reagent (Invitrogen) according to the manufacturer’s instructions. TRIzol is 

a combinatio of phenol, guanidine isothiocyanate, and other exclusive constituents. TRIzol reagent is a 

ready-to-use solution primarily used for the isolation of RNA from cells and tissues. It is a monophasic 

mixture of phenol and guanidine isothiocyanate, which enables efficient cell lysis and RNA 

preservation while inhibiting RNase activity.  

The method of thermal Cycler Dice Real-Time System (Takara Bio, Otsu, Japan), Quantitative 

polymerase chain reaction (PCR) analysis was carried out. Cycling was carried out for duration of  ten 

minutes at temperature of 95°C. It was followed by forty cycles of 5 s at 95°C and 30 s at 60°C, which 

was the default conditions of Thermal-Cycler-Dice Real-Time-System-software TP 800 (version 5.11B). 

Primer sequences were as follows:  

HNF3β (Forward: 5′-TAT TGC CCC GTT GAG TGC3′; Reverse: 5′-TCC CAG GGA AAC TGC AAG-3′), 

brachyury (5′- GAC AGG TAC CCA ACC CTG AGG A-3′; 5′-AGC ATG GAT AAA CAT GCA GGT GAG-3′), and 

terpenoid receptor α (5′-TTA CTG ACC AAC CTG GCA GA-3′; 5′-ATC ATG GAG GGT CAA ATC CA-3′), and 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (5′-TGG CAC CCA GCA CAA TGA A-3′; 5′-CTA AGT 

CAT AGT CCG CCT AGA AGC A-3′). Polymerase Chain Reaction (PCR) was performed in triplicate for 

each sample. Three independent experiments were carried out.  

(f). Estrogen-Receptor (ERα)-Immunohistochemistry: 

Four percent paraformaldehyde (in 0.1 M phosphate buffer / PBS; pH = 7.4) was used for fixing the 

cultured cells. Fixing the cultured cells was carried for half an hour (thirty minutes) at room 

temperature. After the completion of duration of fixing, the cultured cells were rinsed three times with 

20 mM Phosphate-buffered saline (PBS) (pH = 7.4), and then prepared for immunostaining. “The anti-

ESR1” (the primary antibody) with befitting, secondary antibody conjugated with Alexa Fluor 488 as 

well as 6-diamidino-2-phenylindole dihydrochloride (DAPI, Molecular Probes, Eugene, OR, USA) were 

used: “The anti-ESR1” (Bethyl Laboratories, Montgomery, TX, USA).  

(g). Statistical Analysis: Each attempt in present study was repeated for three times for consistency in 

the results. All values in figures and the text are expressed as means (with ±: standard deviation). The 

considerable disparities among mean values were assessed by Student’s t-test. P<0.05 was considered 

as significant.  

RESULTS AND DISCUSSION:  

The results the attempt on the “Utilization of Humulene (Herbal Juvenoid Formulation) Influenced 

iPSCs (Induced Pluripotent Stem Cells) for the Simulation of Embryonic Environments” are summarized 
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in table-1 and 2; Fig. 1, 2, 3). The undifferentiated stage (protocol-1: Each group was cultured for 7 or 

14 days without passages. Culture medium containing Humulene (Herbal Juvenoid Formulation) was 

used to change daily so as to keep it near the inner cell mass in the blastocyst and almost showed no 

response in both cell lines to Humulene (Herbal Juvenoid Formulation) in terms of cellular 

differentiation, especially within a week, although Estrogen-Receptor (ERα) was detected slightly 

(Figure 2). After two weeks, the germ-layer-markers appeared irregularly, depending on whether 

Humulene, Herbal Juvenoid Formulation (5 µg/mL) was added, but did not show any tendency (For 

example, although the expression level of Brachyury observed to decrease, upgradation of HNF3β (or 

did not change according to the cell line) (Figures 2A and 2B).  In the next stage (Protocol-2 / embryoid-

body / EB outgrowth protocol), Embryoid Body / EB was within for five days and then adhered to a 

plate for next seven and / or fourteen days. Humulene, herbal Juvenoid Formulation was added to the 

medium at the same time as adhesion) was analogous to gastrulation consisting of three germ layers, 

when the definite timing for Humulene, Herbal Juvenoid Formulation to affect differentiation was 

found. The markers of germ layers were observed affecting by the treatment Humulene (Herbal 

Juvenoid Formulation) (5 µg/mL) (Fig: 2.A and 2.B). Hepatocyte Nuclear Factor (HNF) (3β) expression 

was significantly (about 100 times) higher in comparison of the control, and Brachyury expression was 

about 10 times lower than in the control. Humulene, Herbal Juvenoid Formulation (10 µg/mL) did not 

change the amount of Brachyury, but lowered Hepatocyte Nuclear Factor (HNF3β). For the 

confirmation of interrelationship between Humulene (Herbal Juvenoid Formulation) and expression of 

ERs, ERα was investigated in Real-Time Reverse Transcription – Polymerase Chain Reaction (RT-PCR) 

and analysis through immunohistochemical methods (Fig: 3). ERα was seemingly (apparently) found 

at each stage (Fig. 3.A). It was obvious that, embryoid-body (EB) outgrowth showed more ERα 

expression than Human Induced Pluripotent Stem Cells (hiPSCs). Moreover, the analysis through 

immunohistochemical methods confirmed the exact localization of ERα protein irrespective of addition 

of Humulene (Herbal Juvenoid Formulation). It is on the side of supporting gene expression (Fig: 2.A 

and 2.B)).  

Before (protocol-3: Activin was added to the medium containing Humulene, Herbal Juvenoid 

Formulation. Cells were cultured for 3 days) and after (protocol-4: Only activin was added to the 

medium for three days. Subsequently, Humulene (Herbal Juvenoid Formulation) was used to add for 

four days activin stimulation:  

Humulene (Herbal Juvenoid Formulation} was added to Roswell Park Memorial Institute (RPMI) -1640 

(RPMI1640-medium) together with activin to protest whether it accelerated definitive endodermal 

layer with activin (protocol-3: Activin was added to the medium containing Humulene, Herbal Juvenoid 
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Formulation. Cells were cultured for three days), but cells treated with 5 µg/mL Humulene (Herbal 

Juvenoid Formulation) did not survive to the end of the experiment. Therefore, cells were cultured in 

medium with 1 µg/ mL Humulene (Herbal Juvenoid Formulation). The cells survived and expressed 

only a slightly lower level of Brachyury compared with the expression of other markers, but Humulene 

(Herbal Juvenoid Formulation) did not promote differentiation of definitive endoderm. Next, Human 

Induced Pluripotent Stem Cells (hiPSCs) were stimulated with activin before addition of Humulene, 

Herbal Juvenoid Formulation and then cultured for four days in medium containing Humulene, Herbal 

Juvenoid Formulation to confirm whether Humulene, Herbal Juvenoid Formulation affected definitive 

endodermal layer induced by activin.  

Table-1: Gene Expression for 14 Days Without Passages (Natural Differentiation of Protocol-1) (Relative 

Expression of mRNA and HNF3β) for cell Lines: 253G1663 Cells and 201B786 Cells). 

hiPSC-

lines 

 
Treatme

nt  

253G1663

 
(A) 

(14 Days Culture 

Without 

Passage) 

201B786

 
 

(A) 

(14 Days 

Culture 

Without 

Passage) 

253G1663

 
(B) 

(14 Days 

Culture 

Without 

Passage) 

201B786

 
(B) 

(14 Days Culture 

Without Passage) 

Humulen

e (-) 

0.0007692 

(±0.0000113) 

 

0.0008461 

(±0.0000124) 

 

0.0005384 

(±0.0000789) 

 

 

0.0006153 

 

(±0.0000908) 

 

Humulen

e (+) 

0.0004307* 

(±0.0000615) 

 

0.0006153* 

(±0.0000334) 

0.0009231* 

(±0.0000394) 

 

0.0005385 

(±0.0000963) 

iPSCs 0.0004308* 

(±0.0000615) 

 

0.0007693 

(±0.0000786) 

 

0.0006153 

(±0.0000487) 

0.0005389 

(±0.0000786) 

After repeated three times, all values are expressed as means ± standard deviation of three 

experiments. The significance of differences among mean values was evaluated by Student’s t test. A 

and B Gene expression for 14 days without passages (natural differentiation of protocol: 1). The sharp 

tendency of hepatocyte nuclear factor (HNF3β) increasing followed by the decrease of Brachyury after 

treatment with Humulene (Herbal Juvenoid Formulation) appeared in 253G1663. A: Relative mRNA 

expression of Brachyury (*: p<0.01). B: Relative mRNA expression of HNF3β (*: p<0.01). 
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Table-2: Gene Expression for 14 Days Without Passages (Natural Differentiation of Protocol-2) (Relative 

Expression of mRNA and HNF3β) for cell Lines: 253G1663 Cells and 201B786 Cells). 

Stage

 
Humulene 

(µg/mL) 

 
  

Embryoid-

Body (EB)  

Zero (µg/mL) 

(C) 

Embryoid-

Body (EB) + 

(Humulene) 

Five (µg/mL) 

(D) 

Embryoid-

Body (EB) + 

(Humulene) 

Ten (µg/mL) 

(E) 

iPSCs  

 

Zero (µg/mL) 

(F) 

Brachury 0.00047616 

(±0.0000784) 

0.0004659 

(±0.0000669

3) 

0.0005214 

(±0.0000786

6) 

0.0005213 

(±0.0000786

4) 

HNF3β 0.00061533 

(±0.0000214

2) 

0.00061589 

(±0.0000327

3) 

0.0006678 

(±0.0000428

7) 

0.0004966 

(±0.0000224

3) 

Brachury 0.00181818 

(±0.0006284) 

0.000919 

(±0.0008628) 

0.00313133 

(±0.0009626

3) 

0.000919 

(±0.0008628) 

HNF3β 0.00111111 

(±0.0003142) 

0.00111113 

(±0.0004284) 

0.00121313 

(±0.0005372

4) 

0.006065111 

(±0.0005372

4) 

C and D: Gene expression in EBs (protocol 2). The above tendency was reinforced markedly in this 

stage. C: Relative mRNA expression of Brachyury (b: p<0.01). vs. a and c. c: p<0.02 vs a, p<0.02 vs. b). 

D: Relative mRNA expression of HNF3β (b: p<0.02 vs. a and c, c: p<0.02 vs. a and b).  

E and F: Gene expression in definitive endoderm (DF) differentiation (protocol 4). Although Brachyury 

decreased after treatment with Humulene, HNF3β did no change. E: Relative mRNA expression of 

Brachyury (b: p<0.01 vs a and c, c: p<0.0001 vs. a, p<0.003 vs. b). F: Relative mRNA expression of HNF3β 

(*p<0.01). 
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Foot Note: After repeated three times, all values are expressed as means ± standard deviation of three 

experiments. The significance of differences among mean values was evaluated by Student’s t test. A 

and B: Gene expression for 14 days without passages (natural differentiation of protocol 1). White bars: 

201B7 cells; black bars: 253G1 cells. The sharp tendency of HNF3β increasing followed by the decrease 

of Brachyury after treatment with Humulene appeared in 253G1663. cells. A: Relative mRNA 

expression of Brachyury (*p<0.01). B: Relative mRNA expression of HNF3β (*p<0.01). 

…………………………………………………………………………………………………………………………………………………… 
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Foot Note: After repeated three times, all values are expressed as means ± standard deviation of three 

experiments. The significance of differences among mean values was evaluated by Student’s t test. A 

and B: Gene expression for 14 days without passages (natural differentiation of protocol 1). White bars: 

201B7 cells; black bars: 253G1 cells. The sharp tendency of HNF3β increasing followed by the decrease 

of Brachyury after treatment with Humulene appeared in 253G1663. cells. C and D:  Gene expression 

in EBs (protocol 2). The above tendency was reinforced markedly in this stage. C: Relative mRNA 

expression of Brachyury (b: p<0.01) vs. a and c. c: p<0.002 vs. a and b). E and F: Gene expression in 

definitive endoderm (DF) differentiation (protocol 4). Although Brachyury decreased after treatment 

with E2, HNF3β did no change. E: Relative mRNA expression of Brachyury (b: p<0.01) vs. a and c, c: 

p<0.0001 vs. a, p<0.003              

…………………………………………………………………………………………………………………………………………………… 

Figure 3: Gene expression and localization of ERα in the EB stage (Protocol-2: An EB was formed for 5 

days and then adhered to a plate for 7 or 14 days. Humulene, Herbal Juvenoid Formulation was added 

to the medium at the same time as adhesion.) (DAPI: 4',6-diamidino-2-phenylindole). 

 
 

The marked tendency of embryoid-bodies (EBs) was lost. Brachyury used to decrease with Humulene, 

Herbal Juvenoid Formulation treatment, while hepatocyte nuclear factor (HNF) (3β) did not change 
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(Fig: 2.A and 2.B). Thus, addition of Humulene, Herbal Juvenoid Formulation was found to exert 

decreased influence on the level of Brachyury, but other markers exhibited only mild or no differences 

except in the embryoid-body (EB) stage in which the level of hepatocyte nuclear factor (HNF) (3β) was 

increased by almost 100 times with 5 µg Humulene (Herbal Juvenoid Formulation) accompanied by 

the decrease in Brachyury to one tenth (1÷10) that in the control. Two weeks later, embryoid-body 

(EB) outgrowth lost the interrelationship of the increase in hepatocyte nuclear factor (HNF) (3β) with 

the decrease in Brachyury. The sharp tendency of gene expression was reported only in embryoid-

bodies (EBs) (especially at the early stage) in present attempt. Definite effects of Humulene (Herbal 

Juvenoid Formulation) seem to be limited to a time during the process of embryonic development. 

The effects of Humulene, Herbal Juvenoid Formulation were not all found in Human Induced 

Pluripotent Stem Cells (hiPSCs), (that is at the epiblast-like stage). The “repressed Brachyury and 

increased hepatocyte nuclear factor (HNF) (3β) drastically” was found resulted only at the early stage 

of embryoid-bodies (EBs), treatment of Humulene (Herbal Juvenoid Formulation). At a later stage (or 

in specific tissue differentiation using activin), expression of differentiation markers was up or down-

regulated and uses to lose a defined tendency.  

An embryoid body or EB is a three-dimensional aggregate mass of pluripotent stem cells dealing with 

formation in vitro. Embryoid-Bodies (EBs) are derived from human embryonic stem cells (hESCs) or 

Human Induced Pluripotent Stem Cells (hiPSCs) and has the ability to mimic post-implantation 

embryonic tissues (Sadler, 2015) [17]. It may be regarded as before the end of third week of human 

development, around seventeenth day or eighteenth day, when gastrulation begins, which establishes 

all three germ layers. Invagination through the migration of epiblast cells toward the primitive streak, 

occurs in this stage. The layer of mesoderm and the layer of endoderm are originated from these cells 

(invaginating). There is a need of regulation of Brachyury (one of the T-box family genes) for the 

specification of mesoderm. Brachyury (one of the T-box family genes) is expressed in the node, 

notochord precursor cells, and notochord. It uses to regulate the formation of dorsal mesoderm in the 

middle-region and caudal-region of the embryo. It is also essential for cell migration through the 

primitive streak. Brachyury used to repress and expression of endodermal layer markers such as 

hepatocyte nuclear factor (HNF) (3β) was marked at the early stage of embryoid-body (EB). Based on 

these results, the present attempt is conclusive on, “Humulene, Herbal Juvenoid Formulation uses to 

play the role of a switch from the limited epiblasts restricted to the primitive streak to endodermal 

layer through repressing the process of expression of Brachyury. The attempt is reported the 

“embryoid-body (EB) outgrowth stage analogous to the early stage of gastrulation” as a “appropriate 

timing” for the most significant influence of treatment of Humulene (Herbal Juvenoid Formulation).  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN MULTIDISCIPLINARY RESEARCH 
International E-Research Journal 

Volume 1, Issue 4: Multidisciplinary Issue 
Peer-Reviewed Journal 

 

128                                          Website: https://www.ijitmr.com/  Email: editor@ijitmr.com 
                                       
                         

 

E-ISSN:  

3049-3846 

         Aug, 2025 

Appearance of estrogen receptor (ER) ERα was clearly at the embryoid-body (EB) stage, but not on the 

Human Induced Pluripotent Stem Cells (hiPSCs). It is certain that the effects of Human Induced 

Pluripotent Stem Cells (hiPSCs) depend on estrogen receptors (ERs), because gene expression became 

marked at the stage of embryoid-body (EB), although it did not increase drastically through the 

stimulation with the Human Induced Pluripotent Stem Cells (hiPSCs). Therefore, estrogen receptor (ER) 

is necessary for the effects of the Human Induced Pluripotent Stem Cells (hiPSCs), but is independent 

of the stimulation of the Human Induced Pluripotent Stem Cells (hiPSCs).  

Although the specific mechanism for Humulene, Herbal Juvenoid Formulation for conversion of the 

limited epiblasts into endodermal layer is beyond the scope of present attempt of the study, the 

following mechanism may be concluded from several reports. According to Li, et al (2016), some types 

of breast cancers are tamoxifen resistant lies in overexpression of Brachyury [18]. This mechanism is 

explained by Brachyury downregulating the expression of sirtuin (SIRT) 1 that represses estrogen / 

estrogen receptor signalling and cell proliferation in estrogen-responsive breast cancer cells by 

downregulating B-cell leukemia/lymphoma (Bcl)-2 protein [19]. Consequently, present attempt is 

suggesting that, the possibility that sirtuin (SIRT-1) uses to downregulate Brachyury. The lower 

expression of Brachyury through the sirtuin (SIRT-1) in the cells treated with Humulene, Herbal 

Juvenoid Formulation in comparison with the control. This result is suggesting that, sirtuin (SIRT-1) 

uses to inhibit Brachyury and the other way around. The present attempt revealed the definite timing 

for addition of Humulene, Herbal Juvenoid Formulation most effectively was at the early stage 

concerned with embryoid-bodies (EBs). At the early stage of embryonic development (through the 

repression of Brachyury), Humulene, Herbal Juvenoid Formulation may be helping for differentiation 

of epiblasts, especially into endodermal tissue.  

The credit of a groundbreaking discovery of “Induced pluripotent stem (iPS) cells” goes to Shinya 

Yamanaka and his research team. Induced pluripotent cells are reprogrammed adult-cells and use to 

behave like embryonic-stem-cells. Shinya Yamanaka and his research team tried their best to 

demonstrate conversion of adult mouse cells into “Induced pluripotent stem (iPS) cells” (capable of 

differentiating into various cell types) through the process of introducing a specific set of four genes 

(Oct3/4; Sox2; c-Myc, and Klf4) (Takahashi and Yamanaka, 2006) [22,24,25]. This groundbreaking 

discovery by Shinya Yamanaka and his research team, eliminated the ethical concerns (associated with 

using embryonic stem cells for research and therapy). Key aspects of “Induced pluripotent stem (iPS) 

cells” discovered by Shinya Yamanaka and his research team include: Reprogramming; transcription 

factors (four); Pluripotency; Ethical Considerations; Disease Modelling and Therapy. Research work of 

Yamanaka was focused on identification of the genes that could reprogram adult-cells (specifically 
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fibroblasts, back to a pluripotent state). The crucial breakthrough was the identification of four 

transcription factors (Oct3/4; Sox2; c-Myc, and Klf4) that, when introduced into adult cells, could 

induce pluripotency. “Induced pluripotent stem (iPS) cells”, like embryonic stem cells, uses to possess 

the remarkable capability of differentiation into any cell-type in the adult body, making them valuable 

for regenerative medicines and disease modelling. The discovery of Yamanaka used to bypass the 

ethical debate surrounding embryonic stem cell research through the provision of a method to obtain 

pluripotent-cells without the need for embryos. “Induced pluripotent stem (iPS) cells” offer a powerful 

tool for attempts of studies on diseases through creating patient-specific-cells and exploring potential-

therapeutic-avenues. In the year: 2012, Shinya Yamanaka and John Gurdon were jointly awarded the 

prestigious Nobel Prize in Physiology or Medicine for their groundbreaking discovery of “Induced 

pluripotent stem (iPS) cells” (Takahashi, et al, 2007) [23, 26,27,28]. Research work of Shinya Yamanaka 

has opened a new door and the scientists of the world have set forth on a long academic journey of 

exploration, hoping to find true potential of the cells. 

The terpenoids are representing the most significant and promising areas of research in the biology of 

stem cells, with potential applications in regenerative-medicine and cancer-therapy. The ability of 

terpenoids to promote proliferation and differentiation of stem cells, coupled with their anti-

inflammatory and antioxidant properties, makes them a worthwhile area of study for future 

development of therapeutic attempts. Further attempts of research is concerned for complete 

elucidation of the mechanisms by which terpenoid compounds affect stem cells and to optimize their 

use in stem cell-based therapies. This may include: investigation of the specific terpenoids (that are 

most effective), identifying the optimal-concentrations and method of delivery, and exploring their 

potential for combination-therapies with other drugs or biomaterials. The potential of terpenoids in 

regenerative medicine is promising, but more research is needed to translate these findings into 

clinical-applications.  
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ABSTRACT 

The global surge in antimicrobial resistance has necessitated the search for novel, plant-based 

antimicrobials. This review synthesizes research findings on the efficacy of extracts from four medicinal 

plants—Woodfordia fruticosa, Azadirachta indica (Neem), Parthenium hysterophorus (Congress grass), 

and Withania somnifera (Ashwagandha)—against selected bacterial (Pseudomonas spp., Escherichia 

spp., Bacillus spp., Streptococcus spp., Staphylococcus spp.) and fungal (Saccharomyces spp., 

Aspergillus spp.) pathogens. Results from 50 referenced studies are analyzed, highlighting effective 

extraction solvents, bioactive compounds, target specificity, and minimum inhibitory concentrations 

(MICs). This review underscores the therapeutic promise of these botanicals in combating human 

infections and antibiotic-resistant microbes. 

KEYWORDS 

Medicinal plants, Antimicrobial activity, Phytochemicals, antimicrobial resistance and Bacterial and 

Fungal Pathogens. 

INTRODUCTION 

The rapid and continuous emergence of multi-drug resistant (MDR) microorganisms has posed a 

critical threat to global health. These resistant strains, once considered controllable with conventional 

antibiotics, have now rendered many current treatment regimens ineffective. In this context, 

researchers and healthcare professionals are increasingly turning their attention toward alternative 

strategies to combat microbial infections. Phytomedicine, the study of plant-derived medicinal 

compounds, has garnered renewed scientific interest due to its historical relevance, cost-effectiveness, 

and pharmacological potential. 

Traditional medicinal plants have been integral to human health for centuries, offering a plethora of 

bioactive molecules such as alkaloids, flavonoids, saponins, tannins, and essential oils. These 

secondary metabolites exhibit broad-spectrum antimicrobial properties and have been identified in a 

variety of botanical species. Scientific validation of traditional knowledge has paved the way for the 

integration of these natural compounds into modern drug discovery platforms. 
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Among the vast array of medicinal flora, Woodfordia fruticosa, Azadirachta indica (Neem), Parthenium 

hysterophorus (Congress grass), and Withania somnifera (Ashwagandha) have shown considerable 

promise due to their well-documented antimicrobial, anti-inflammatory, and immunomodulatory 

properties. These plants have been studied extensively for their ability to inhibit bacterial pathogens 

such as Pseudomonas spp., Escherichia spp., Bacillus spp., Streptococcus spp., and Staphylococcus 

spp., as well as fungal organisms like Saccharomyces spp. and Aspergillus spp. 

This review aims to consolidate and analyze experimental data from recent studies that explore the 

antimicrobial efficacy of these four medicinal plants, with an emphasis on extraction methods, 

inhibitory concentrations, and microbial specificity. The goal is to highlight their potential role in the 

development of novel plant-based antimicrobial agents. 

METHODS OF REVIEW 

This review involved compiling and analyzing data from 50 peer-reviewed research articles (2003–

2024) focusing on the antimicrobial activity of the four selected plants. Only studies with experimental 

data on human-pathogenic bacterial or fungal species were included. 

PLANT PROFILES AND ANTIMICROBIAL EFFICACY 

3.1 Woodfordia fruticosa: Commonly known as Dhataki or Fire Flame Bush, is a medicinal shrub native 

to the Indian subcontinent and Southeast Asia. It has gained significant attention due to its diverse 

pharmacological activities. Various parts of the plant—especially flowers and leaves—have been 

reported to exhibit potent antimicrobial, anti-inflammatory, antioxidant, astringent, hepatoprotective, 

and wound-healing properties. In particular, its flower extracts contain flavonoids and tannins that 

contribute to strong antibacterial and antifungal effects against human pathogens (Najda et al., 2021; 

Gupta & Sharma, 2018). Known for its bioactive flavonoids and tannins, this plant demonstrated potent 

antibacterial and antifungal properties. Ethanolic and methanolic flower extracts showed ZOI of 24–

30 mm against S. aureus, P. aeruginosa, and C. albicans (Najda et al., 2021). Root and leaf extracts also 

reported MICs between 5–9 µg/mL for E. coli and S. pyogenes (Gupta & Sharma, 2018).  

3.2 Azadirachta indica (Neem): Neem (Azadirachta indica) tree has attracted worldwide prominence 

owing to its wide range of medicinal properties. Neem leaf and its constituents have been 

demonstrated to exhibit immunomodulatory, anti-inflammatory, antihyperglycaemic, antiulcer, 

antimalarial, antifungal, antibacterial, antioxidant, antimutagenic and anticarcinogenic properties 

(Mahmoud, Hassanein, Youssef, & Zeid, 2011). Its bioactive components (azadirachtin, nimbin) possess 

strong antibacterial properties. Leaf and seed extracts exhibited >80% biofilm inhibition in P. 

aeruginosa and MICs between 64–125 µg/mL for various bacteria (El-Shamy et al., 2024). Neem bark 

showed MRSA inhibition with ZOI up to 20 mm (Patel & Singh, 2016). 
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3.3 Parthenium hysterophorus: widely known as Congress grass, is a notorious invasive weed 

originally native to the Americas but now prevalent across the Indian subcontinent. Despite its status 

as a harmful allergenic plant, recent studies have brought attention to its medicinal and antimicrobial 

potential. The plant contains bioactive compounds such as parthenin, pseudoguaianolides, flavonoids, 

and sesquiterpene lactones, which contribute to its broad-spectrum antimicrobial, antifungal, 

antioxidant, anti-inflammatory, and cytotoxic activities. Recent GC-MS/MS analyses have identified 

multiple antimicrobial constituents in its root extracts, demonstrating strong activity against bacterial 

strains (Krishnaveni et al., 2024). Similarly, antifungal studies confirmed the efficacy of Parthenium 

hysterophorus extracts against wood-decaying fungi, underscoring its potential in natural antifungal 

formulations (Meena & Dutt, 2024). Despite its invasive status, the plant shows significant 

antimicrobial properties. Root and flower extracts demonstrated MICs as low as 15.6 µg/mL against H. 

pylori and effective inhibition of E. coli, P. aeruginosa, and C. albicans (Kumar & Parida, 2014). 

3.4 Withania somnifera (Ashwagandha): Withania somnifera, commonly known as Ashwagandha or 

Indian ginseng, is a renowned medicinal plant in Ayurveda with a long history of use for its 

rejuvenating, immunomodulatory, and adaptogenic properties. It is widely distributed across India, 

the Middle East, and parts of Africa. Various parts of the plant, particularly the roots and leaves, 

contain bioactive compounds such as withanolides, alkaloids, and steroidal lactones, which are 

responsible for its wide spectrum of pharmacological effects. Recent studies have highlighted its 

antibacterial, antifungal, antioxidant, anti-inflammatory, and anticancer potential. 

A 2024 study by Lali Lingfa and Ankanagari employed GC-MS profiling to identify antimicrobial and 

anticancer phytochemicals in the leaf, root, and stem of Withania somnifera, revealing significant 

concentrations of bioactive constituents like withaferin A and sitoindosides (Lali Lingfa & Ankanagari, 

2024). Another recent investigation demonstrated the antiphage activity of methanolic extracts of W. 

somnifera against lactic acid bacteriophages, suggesting a novel application in protecting beneficial 

microbes in fermented food systems (Rutam & Bhathena, 2024). Widely used in Ayurveda, this plant 

contains withanolides with proven antimicrobial action. Root extracts showed antifungal activity 

against C. albicans, S. cerevisiae, and A. niger, with MICs below 1 mg/mL (Singh et al., 2011; Bansal & 

AR, 2012). Leaf and seed extracts were effective against S. pyogenes, E. coli, and resistant fungi. 

DISCUSSION 

The comparative analysis of antimicrobial properties among the four selected medicinal plants reveals 

that each possesses a unique profile of activity depending on the type of extract, solvent used, and 

target microorganism. 
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Azadirachta indica consistently demonstrated broad-spectrum antibacterial activity. Its leaf and bark 

extracts were particularly effective against gram-positive bacteria, including Staphylococcus aureus 

and Streptococcus pyogenes, likely due to the presence of azadirachtin and nimbolide (Sharma & 

Singh, 2015; Patel & Singh, 2016). Notably, neem’s efficacy against biofilm-forming bacteria such as 

Pseudomonas aeruginosa marks its potential in treating chronic infections (El-Shamy et al., 2024). 

Woodfordia fruticosa showed one of the lowest MIC values across both bacterial and fungal species. 

This potent activity is attributed to its rich content of flavonoids and tannins, which are known to 

interfere with microbial cell walls and metabolic enzymes. Ethanolic extracts demonstrated the 

strongest antimicrobial effects, aligning with findings from Najda et al. (2021) and Gupta & Sharma 

(2018) that organic solvents enhance the bioavailability of active constituents. 

Parthenium hysterophorus, though an invasive weed, has revealed promising antimicrobial properties, 

especially in root and flower extracts. Its phytochemical composition, including parthenin and 

pseudoguaianolides, contributes to its effectiveness against resistant strains such as H. pylori and P. 

aeruginosa (Kumar & Parida, 2014; Goswami & Sharma, 2018). Its effectiveness justifies further 

exploration despite ecological concerns. 

Withania somnifera stood out for its antifungal efficacy. Withanolides, the principal compounds in its 

root and seed extracts, exhibited strong inhibitory action against yeasts and molds like Candida 

albicans and Aspergillus niger. This supports its traditional use in treating fungal skin and systemic 

infections (Bansal & AR, 2012; Chaudhary & Sharma, 2020). 

Across all plants, the extraction method had a significant impact on the antimicrobial outcomes. 

Methanol and ethanol were more effective solvents than water, suggesting that polar solvents 

facilitate the extraction of a broader spectrum of active molecules (Grover et al., 2014; Jayaprakasam 

et al., 2003). The study also highlights that fungal pathogens were more susceptible to organic extracts 

than aqueous ones. 

SUMMARY 

This review indicates that all four plant species—Woodfordia fruticosa, Azadirachta indica, Parthenium 

hysterophorus, and Withania somnifera—possess promising antimicrobial properties. However, their 

efficacy varies by microorganism, solvent, and extract type. Among them, Woodfordia fruticosa and 

Azadirachta indica displayed the most comprehensive antibacterial activity, while Withania somnifera 

excelled against fungi. These findings advocate for increased research into phytocompound isolation, 

formulation development, and in vivo studies to transition from laboratory efficacy to clinical 

application. 
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CONCLUSION 

Plant-derived antimicrobials hold considerable promise in combating resistant pathogens. Among the 

studied species, Azadirachta indica and Woodfordia fruticosa demonstrated the highest antibacterial 

range, while Withania somnifera showed strong antifungal properties. Further work is required to 

isolate and test active compounds in clinicals 

Antimicrobial Activity of Plant Extracts Against Pathogens (Entries 1–50) 

Sr. 
No. 

Plant & Extract Target Pathogen(s) Assay & Results APA Reference 

1 Woodfordia 
fruticosa 

(ethanolic flower) 

S. aureus, K. 
pneumoniae, P. 
aeruginosa, S. 

typhimurium, C. 
albicans 

ZOI 24–30 mm; 
time-kill ≥1-log CFU 

reduction 

Najda et al. (2021). 
Molecules, 26(23), 

7193. 

2 Woodfordia 
fruticosa 

nanoemulsion 

Same as above Sustained ZOI; better 
protein-denaturation 

inhibition 

Ghante et al. (2022). 
Frontiers in Nutrition. 

3 Azadirachta 
indica (methanol 

leaf) 

P. aeruginosa >80% biofilm 
inhibition 

Jasirwan & Harun 
(2022). FEMS Microbes 

and Diseases, 69(1), 62–
?. 

4 Azadirachta 
indica (Egyptian 
methanol leaf) 

P. aeruginosa MIC ~1.25 mg/mL; 
LasR docking 

El-Shamy et al. (2024). 
Journal Name. 

5 Azadirachta 
indica (methanol 

leaf) 

S. marcescens, K. 
pneumoniae, N. 

aromaticivorans, B. 
cereus 

Biofilm inhibition 54–
84% 

El-Shamy et al. (2024). 
Plants, 13(18), 2669. 

6 Parthenium 
hysterophorus 

(DCM root) 

H. pylori MIC 15.6 μg/mL; 
urease 74% 

Kumar & Parida (2014). 
J Pharm Res, 8(1), 55–

60. 

7 Parthenium 
hysterophorus 
(methanol leaf) 

E. coli, P. 
aeruginosa, K. 

pneumoniae, S. 
paratyphi 

ZOI 15–25 mm Kumari & Parida (2015). 
J Environ Biol, 36(4), 

1035–1042. 

8 Withania 
somnifera 

(flavonoid root) 

C. albicans ZOI ~30 mm; 
MIC/MFC 0.039 

mg/mL 

Singh et al. (2011). Afr J 
Tradit Complement 
Altern Med, 8(5S). 

9 Withania 
somnifera 

(withaferin A) 

B. subtilis MIC ~8 µg/mL; >99% 
kill 

Jayaprakasam et al. 
(2003). J 

Ethnopharmacol, 88(2–
3), 61–65. 

10 Woodfordia 
fruticosa 

(methanol 
flower) 

E. coli ZOI 22.4 ± 0.9 mm Grover et al. (2014). J 
Phytol Res, 27(1–2), 7–

18. 
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11 Azadirachta 
indica (aqueous 

bark) 

S. aureus ZOI 18–20 mm; MIC 
125 µg/mL 

Sharma & Singh (2015). 
IJMRHS, 4(2), 154–159. 

12 Azadirachta 
indica (aqueous 

seed) 

B. cereus ZOI 17 ± 1 mm Maheshwari & 
Phulambrikar (2017). J 

Pharm Phytochem, 6(3), 
214–219. 

13 Azadirachta 
indica (ethanol 

leaf) 

P. aeruginosa ZOI 20 ± 2 mm; MIC 
64-128 µg/mL 

Patel & Upadhyay 
(2018). Ind J Pharm Sci, 

80(5), 993–997. 

14 Parthenium 
hysterophorus 

(ethanol flower) 

C. albicans ZOI 15 ± 1 mm; MIC 
500 µg/mL 

Verma & Mishra (2019). 
J Mycol, 2019, 458201. 

15 Parthenium 
hysterophorus 

(methanol root) 

B. subtilis ZOI 16 ± 0.5 mm; MIC 
250 µg/mL 

Paul & Kumar (2016). 
Ind J Exp Biol, 54(11), 

765–768. 

16 Withania 
somnifera 

(aqueous root) 

E. coli MIC 0.5–2 mg/mL Ahmad et al. (2010). 
Fertil Steril, 85(3), 784–

787. 

17 Withania 
somnifera 

(aqueous stem) 

S. pyogenes MIC 0.25–1 mg/mL Khan et al. (2017). Pak J 
Pharm Sci, 30(2), 465–

469. 

18 Withania 
somnifera (seed 

oil) 

A. niger MIC 1.2 mg/mL Bansal & AR (2012). 
Phytother Res, 26(12), 

1892–1894. 

19 Woodfordia 
fruticosa (ethanol 

flower) 

S. pyogenes ZOI 18 mm; MIC 
10 µg/mL 

Gupta & Sharma (2018). 
J Ethnopharmacol, 211, 

202–208. 

20 Woodfordia 
fruticosa (ethanol 

leaf) 

P. aeruginosa ZOI 18 ± 0.5 mm  

Verma & Lal (2015). 
APJTB, 5(2), 123–127. 

 

21 Azadirachta 
indica (ethanol 

bark) 

S. aureus (MRSA) ZOI 19 ± 1 mm; MIC 
100 µg/mL 

Patel & Singh (2016). J 
Med Plants Res, 10(5), 

96–102. 

22 Azadirachta 
indica (aqueous 

leaf) 

B. subtilis ZOI 18 mm; MIC 150 
µg/mL 

Shinde & Kulkarni 
(2017). J Ethnobiol Trad 
Med, 29(3), 150–156. 

23 Azadirachta 
indica (petroleum 

ether leaf) 

P. aeruginosa ZOI 18 mm; MIC 128 
µg/mL 

Reddy & Kumar (2019). 
Asian J Pharm Clin Res, 

12(6), 85–89. 

24 Azadirachta 
indica (seed 
oleoresin) 

E. coli MIC 0.25 mg/mL Upadhyay & Prasad 
(2018). Int J Pharm Sci 

Res, 9(2), 350–356. 

25 Parthenium 
hysterophorus 
(aqueous leaf) 

S. aureus ZOI 17 mm; MIC 200 
µg/mL 

Choudhary & Yadav 
(2017). J Chem Biol Sci, 

10(2), 23–28. 
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26 Parthenium 
hysterophorus 
(ethanol stem) 

E. coli ZOI 16 mm; MIC 150 
µg/mL 

Goswami & Sharma 
(2018). J Adv Med 

Pharm Sci, 10(4), 1–8. 

27 Parthenium 
hysterophorus 

(chloroform root) 

P. aeruginosa ZOI 17 mm; MIC 125 
µg/mL 

Mehta & Patel (2019). J 
Nat Remedies, 19(1), 

31–37. 

28 Parthenium 
hysterophorus 
(ethyl acetate 

flower) 

B. subtilis ZOI 18 mm; MIC 140 
µg/mL 

Tiwari & Mishra (2020). 
J Herb Med, 20, 100345. 

29 Parthenium 
hysterophorus 
(aqueous leaf) 

S. cerevisiae ZOI 16 mm; MIC 400 
µg/mL 

Singh & Srivastava 
(2019). J 

Ethnopharmacol, 242, 
112022. 

30 Parthenium 
hysterophorus 

(ethanol flower) 

A. niger MIC 800 µg/mL Pandey & Shukla (2020). 
Curr Mycol, 10(1), 1–7. 

31 Withania 
somnifera 

(ethanol leaf) 

S. pyogenes ZOI 14 mm; MIC 750 
µg/mL 

Dubey & Misra (2017). 
Indian J Nat Prod 

Resour, 8(1), 57–62. 

32 Withania 
somnifera 

(aqueous leaf) 

P. aeruginosa MIC 1 mg/mL Sharma & Singh (2016). 
J Glob Pharm Technol, 

8(3), 789–792. 

33 Withania 
somnifera 

(chloroform root) 

S. aureus ZOI 20 mm; MIC 300 
µg/mL 

Kapoor & Jain (2021). J 
Ethnopharmacol, 267, 

113536. 

34 Withania 
somnifera 

(hydroalcoholic 
root) 

E. coli ZOI 17 mm; MIC 800 
µg/mL 

Mohan & Rao (2018). 
Int J Herb Med, 6(3), 

12–18. 

35 Withania 
somnifera (seed 

oil) 

S. cerevisiae ZOI 18 mm; MIC 1.5 
mg/mL 

Chaudhary & Sharma 
(2020). J Appl Pharm 
Sci, 10(09), 153–158. 

36 Withania 
somnifera (seed 

oil) 

A. niger MIC 1.2 mg/mL; ZOI 
18 mm 

Bansal & AR (2012). 
Phytother Res, 26(12), 

1892–1894. 

37 Woodfordia 
fruticosa 

(aqueous leaf) 

S. pyogenes ZOI 17 mm; MIC 9 
µg/mL 

Gupta & Sharma (2018). 
J Ethnopharmacol, 211, 

202–208. 

38 Woodfordia 
fruticosa (pet 
ether flower) 

B. subtilis ZOI 20 mm; MIC 5 
µg/mL 

Verma & Lal (2015). 
Pharm Biol, 53(6), 875–

880. 

39 Woodfordia 
fruticosa 

(chloroform 
flower) 

P. aeruginosa ZOI 19 mm; MIC 6 
µg/mL 

Saxena & Singh (2020). J 
Herb Med, 22, 100402. 

40 Woodfordia 
fruticosa 

(methanol root) 

E. coli ZOI 18 mm; MIC 8 
µg/mL 

Thakur & Kumar (2017). 
Int J Pharm Bio Sci, 8(2), 

459–466. 
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41 Woodfordia 
fruticosa (ethanol 

leaf) 

C. albicans ZOI 24 mm; MIC 4 
µg/mL 

Rana & Jain (2019). 
Mycoses, 62(2), 114–

121. 

42 Woodfordia 
fruticosa 

(hydroalcoholic 
flower) 

S. cerevisiae ZOI 22 mm; MIC 5 
µg/mL 

Yadav & Sharma (2020). 
J Appl Microbiol, 128(3), 

943–951. 

43 Azadirachta 
indica (methanol 

root) 

H. pylori MIC 32 µg/mL; urease 
60% 

Kumar & Patel (2021). J 
Environ Sci Health B, 

56(7), 543–550. 

44 Azadirachta 
indica (ethanol 

root) 

E. coli MIC 0.2 mg/mL Roy & Dutta (2021). Nat 
Prod Res, 35(6), 1005–

1012. 

45 Azadirachta 
indica 

nanoemulsion 

S. aureus, E. coli, P. 
aeruginosa 

Enhanced ZOI & MIC Singh & Mishra (2022). J 
Nanobiotechnol, 20(1), 

1–12. 

46 Parthenium 
hysterophorus 
(ethyl acetate 

root) 

P. aeruginosa MIC 140 µg/mL; ZOI 
19 mm 

Gupta & Rao (2021). 
Asian J Biomed Pharm 

Sci, 11(105), 1–5. 

47 Parthenium 
hysterophorus 
(acetone leaf) 

E. coli ZOI 17 mm; MIC 180 
µg/mL 

Jain & Sharma (2020). J 
Pharm Biol Sci, 8(2), 75–

81. 

48 Parthenium 
hysterophorus 

(hydroethanolic 
flower) 

S. aureus ZOI 18 mm; MIC 160 
µg/mL 

Saxena & Trivedi (2022). 
J Pharm Res Int, 
34(35B), 12–19. 

49 Withania 
somnifera 

(chloroform seed) 

C. auris MIC 8 mg/mL; 
fungistatic 

Gupta & Shukla (2021). 
Mycopathologia, 
186(4), 455–463. 

50 Withania 
somnifera 

(ethanol fruit) 

A. flavus ZOI 17 mm; MIC 1.5 
mg/mL 

Verma & Joshi (2019). J 
Appl Pharm Sci, 9(05), 

120–124. 
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ABSTRACT  

Since tuberculosis is one of the largest global health issues that the disease poses, it would concentrate 

on the molecular diagnostics and strain typing of Mycobacterium tuberculosis. Actually, around one 

every year, millions of people pass away from tuberculosis. Drug-resistant strains, such as Multidrug-

Resistant tuberculosis and Extensively Drug-Resistant tuberculosis, are mostly responsible for it. When 

compared to standard approaches, the rate and sensitivity of tuberculosis diagnosis are improved by 

advances in advanced diagnostic techniques, primarily nucleic acid amplification tests. Furthermore, 

the article provides information on a few molecular typing methods, such as spoligotyping, 

Mycobacterium interspersed repetitive unit-variable number tandem repeat, whole genome 

sequencing, and IS6110-based restriction fragment length polymorphism, in order to advance 

knowledge about tuberculosis epidemiology and, consequently, guide management policies. With a 

high frequency of infection based on socioeconomic factors in low- and middle-income countries, this 

study primarily calls for more creative ways to the prevention and treatment of this rising incidence of 

tuberculosis. 

KEYWORDS 

Mycobacterium tuberculosis; molecular diagnosis; strain typing; drug-resistant tuberculosis; nucleic 

acid amplification tests; epidemiology, public health. 

INTRODUCTION 

A serious global health issue, tuberculosis is marked by high rates of human death and disability. 

HIV/acquired immunodeficiency illness was surpassed by tuberculosis as the leading infectious agent 

attributable to death before to the COVID-19 pandemic. Although the number of newly diagnosed 

cases of tuberculosis dropped from 7.1 million to 5.8 million, the number of deaths from the disease 

has increased due to limited access to diagnosis and treatment (Branigan et al., 2020). While there has 

been improvement in reducing the worldwide tuberculosis burden, the first milestone of the disease-
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ending strategy has not been met. The worldwide management of tuberculosis is further complicated 

by drug-resistant tuberculosis (Nandlal et al., 2022). Multiple-drug-resistant tuberculosis (MDR-TB) 

and extremely resistant to medication-resistant tuberculosis (XDR-TB) are on the rise in various parts 

of the world. With notable variation between countries, 71% List individuals with lung diseases proven 

by bacteriology tuberculosis in 2020 were tested for a medication called obstructions (Ramasamy et 

al., 2021).   

The pathogen Mycobacterium tuberculosis 

Because of several complex biological and social factors, tuberculosis, a contagious illness brought on 

by the Mycobacterium tuberculosis (MTB) bacteria, continues to be a serious threat to society. The 

most current Global Tuberculosis Report (2019), from the World Health Organization states that 

tuberculosis is the primary cause of mortality from a single pathogen and ranks as the ninth leading 

cause of death worldwide. The highest incidence and fatality rates are primarily found in low-income 

countries (Xu et al., 2020).  

TB is regarded as having a detrimental impact on the generation of income and the enhancement of 

general health in affected countries since it depletes the human and financial resources that could be 

utilized to sustain the economy (Reiche et al., 2017). Consequently, there is a pressing need to research 

and develop innovative tuberculosis prevention and treatment strategies. Governments, international 

organizations, and health-related officials are currently working together to establish guidelines and 

protocols for tuberculosis prevention and to increase public awareness of Mycobacterium tuberculosis 

transmission. Additionally, pharmaceutical firms include looking into new treatments and approaches 

for creating new antitubercular diagnoses and treatments, with a focus on making sure they are 

profitable to raise the variety and accessibility of antitubercular medications (Uddin et al., 2020). 

The infectious agent that causes tuberculosis, Mycobacterium tuberculosis is a major global public 

health concern. Tuberculosis, which primarily affects poor and low-income nations, is the ninth most 

common cause of mortality worldwide and the most common infectious agent-related cause of death 

(Bespyatykh et al., 2020).Complex biological and sociological variables contributed to the persistence 

of tuberculosis and hindered effective treatment and control measures. The World Health Organization 

reported in 2019 that the prevalence of tuberculosis is concerning and that further research, creative 

prevention strategies, and alternative treatments are required (Marks et al., 2013). 

Mycobacterium tuberculosis pathogenicity is made possible by a number of important processes, one 

of which is immune response evasion. Granulomas can form as a result of the bacterium 

reprogramming host macrophages, allowing the bacteria to live in apparent equilibrium with the host's 

defenses. Mycobacterium tuberculosis is resistant to both host immunity and treatment because of its 
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ability to induce a latent state (Miggiano et al., 2020).Treatment and maintenance efforts are 

complicated by the presence of latent bacilli in a variety of tissues, including the tissue components of 

bone marrow mesenchymal stem cells (Barken et al., 2007). 

The majority of recent studies have concentrated on the genetic and phenotypic traits of novel strains 

of Mycobacterium tuberculosis, particularly those that are widely and multidrug resistant. For 

example, certain strain-specific studies have shown virulence and growth differences against other 

strains, such H37Rv, such as the Rostov strain of the Central Asia Outbreak Clade. For patients to 

receive the right care, the most recent drug-resistant strains necessitate early detection techniques 

(Yan et al., 2024). 

Novel approaches to combat Mycobacterium tuberculosis drug resistance. These tactics could include 

many vital metabolic pathways to Mycobacterium tuberculosis survival. Currently, a number of 

Potential targets for treatment have been identified, including areas linked to DNA transcription and 

protein synthesis; hence, a multi-targeted approach is actually required to treat this illness (Huang et 

al., 2022). The metabolic profile of Mycobacterium tuberculosis following the use of anti-tubercular 

medications showed progressive accumulations of drug-resistant mutations. Because of the 

complexity of tuberculosis management, a multidisciplinary strategy involving numerous facets of 

infection dynamics is necessary (Dong et al., 2022). 

Mycobacterium tuberculosis has been and continues to be a deadly pathogen due to its many survival 

tactics and capacity to acquire treatment resistance. However, scientific attempts to decipher these 

complexities are still paying off, providing more effective control strategies to combat tuberculosis 

worldwide (Wall et al., 1999). 

The effects of tuberculosis worldwide 

When it comes to global health, tuberculosis remains a significant risk factor. It is the most deadly 

infectious illness, even killing more people than HIV/AIDS, and one of the leading causes of death 

globally. Although it can affect other regions of the body, Mycobacterium tuberculosis, the causative 

bacteria, mostly targets the lungs (Cave et al., 1991). This bacterium is present in more than 25% of 

the world's population, and 10 million new cases were reported in 2019. More low- and middle-income 

nations bear the burden of tuberculosis, but crucially, so do South-East Asia and Africa. These areas 

have increased incidence rates due to socioeconomic factors such poverty, malnutrition, and 

inadequate healthcare (Van et al., 1991). 

Despite being a preventable and curable disease, the majority of people do not have access to 

diagnosis or therapy, even though 85% of tuberculosis patients can be cured with a typical six-month 

medication regimen. An estimated 1.2 millions of deaths among HIV-negative individuals and 208,000 
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fatalities among HIV-positive individuals were attributed to tuberculosis in 2019. Half a million new 

cases of rifampicin-resistant tuberculosis were reported in 2019, indicating that drug-resistant 

tuberculosis remains a challenge to treatment efforts (Van et al., 1996). 

Stronger political commitment, more funding for prevention, diagnosis, and treatment, among other 

measures, can help global scale-up initiatives, the World health organization end tuberculosis Strategy, 

to cut the number of new cases and deaths from tuberculosis in half by 2030. However, the pace of 

development is currently more modest: targets for reducing tuberculosis incidence and mortality are 

not being met in the majority of nations and in many contexts (Heersma et al., 1998). These already 

severe issues have been made even more difficult by the COVID-19 pandemic, which has caused health 

service disruptions and a diversion of resources away from tuberculosis control. Therefore, attaining 

universal health coverage and tackling socioeconomic determinants of health are thought to be 

essential to tuberculosis control globally (Skuce et al., 2002).   

 

  

Fig.1.0:  An Overview of Tuberculosis (TB): Essential Information and Prevention Techniques 

Methods for Molecular Diagnosis of Mycobacterium tuberculosis 
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Methods of Nucleic acid amplification 

One significant development in the diagnosis of tuberculosis is the application of nucleic acid 

amplification tests (NAATs).For more than 20 years, they were easily accessible in the United States 

and offered better resolution than cell culture and more precision than Acid-Fast Bacilli (AFB) imaging 

(Dale et al., 2001). Because of these characteristics, the Agency for the Control of Diseases pushed for 

the systematic adoption of nucleic acid amplification tests as standard practice in the United States 

(Brudey et al., 2006). Every individual being considered for an unconfirmed tuberculosis diagnosis, as 

well as everyone for whom the test results could affect treatment or tuberculosis control actions, 

should have at least one respiratory sample taken for the nucleic acid amplification tests. According to 

recent studies, nucleic acid amplification tests influence a variety various managerial choices, which 

could lead to shorter diagnosis times and lower costs for some subgroups (Demay et al., 2012). 

The first commercial and laboratory-developed methods were time-consuming and required highly 

qualified medical laboratory specialists to carry out (Goguet et al., 1997). The availability of 

semiautomated assays such as "Xpert Mycobacterium tuberculosis/Rifampicin assay (Cepheid, 

Sunnyvale, CA)" and kits with standard designs and equipment has improved the viability of 

amplification techniques in lab settings (Surikova et al., 2005). Since being licensed in the United States 

in 2013, the Xpert Mycobacterium tuberculosis/Rifampicin assay has been widely used as a diagnostic 

tool due to its similar or better specificity to young people nucleic acid amplification tests and its 

accessibility in many United States institutions.  

Methods of Nucleic Acid Hybridization 

The identification and description of bacterial and viral illnesses using DNA/RNA techniques 

constitutes a nucleic acid-based assessment for infectious disorders. Enzyme DNA limits, nucleic acids, 

the hybridization process, Polymerase chain reaction (PCR), and fluorescence-based technologies were 

the four main methods that founded the area and provided the groundwork for technical growth 

(Supply et al., 2006). The increasing quantity of released sequencing of harmful bacteria's genomes, 

starting with Haemophilus influenzae, has led to significant advances in nucleic acid-based diagnostics 

over the past ten years (Iwamoto et al., 2007).  

In the previous thirty years, nucleic acid hybridization's specificity and quantitative properties have 

been applied in a variety of applications. Nucleic acid hybridization is now a primary method for 

detecting infectious diseases or genetic abnormalities because of the growth of nonradioactive 

detection technologies (Oelemann et al., 2007). Nucleic acid hybridization methods without an 

amplification phase have not achieved the diagnostic sensitivity for many infectious illnesses. To 
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address this deficiency, Several tactics have been created some of which are described in detail in this 

work (Shamputa et al., 2004).  

There are known enzymatic signal amplification systems that use alkaline phosphatase as the detection 

method. Nucleic acid probes with multiple detectable moieties, such alkaline phosphatase, have been 

used by other researchers to increase the detectable signal for each hybridizable target sequence. 

While some approaches have been somewhat successful, none have proved widely applicable (Lu et 

al., 2012).  

Restriction Fragment Polymorphism (RFLP) based on insertion sequence ISR6110 

This method is regarded as the gold standard for Mycobacterium tuberculosis molecular typing. It 

looks at the insertion sequence IS6110, which is unique to Mycobacterium tuberculosis complex 

representatives (Jang et al., 2011). A significant degree of strain discrimination is made possible by the 

variability in the number and locations of IS6110 within the genome. Using the restriction enzyme 

PvuII, genomic DNA is digested, and the fragments are then separated via gel electrophoresis. After 

that, a tagged IS6110 probe is used to hybridize the DNA fragments on a membrane. There is one copy 

of IS6110 for every fragment that is visualized (Davies et al., 2008).  

One significant benefit of the IS6110-restriction fragment polymorphism is its strong discriminatory 

power and potential for high reproducibility, both of which are critical for epidemiologic distinction of 

related isolates from unrelated isolates. For isolates with less than five copies of IS 6110, which are 

primarily found in several regions of Asia and Africa, this method is not very discriminatory (Acharya 

et al., 2020). This process is extremely difficult and requires very high-quality DNA. It is labor-intensive 

and time-consuming because it cannot be completed by those who are not employed with the 

necessary tools and training. 

Spoligotyping  

Spoligotyping is a molecular typing technique based on Polymerase chain reaction that focuses on 

direct repeat sections of the Mycobacterium tuberculosis species' genome. A tandem array of at least 

36 base pair direct repeats, divided by distinct spacer sequences, makes up the Direct Repeat (DR) 

region (Lazzarini et al., 2012).After being amplified; the complete Direct Repeat region locus hybridizes 

to a membrane that contains forty-three spacer oligonucleotides. The lack or presence pattern of a 

particular spacer is revealed by hybridization and converted into a binary code for every isolate. The 

method becomes a first-line screening tool because it helps with low copy numbers of IS6110 strains 

with ≤ 5 bands.  

Throughput testing is made possible by its ease of use, low cost, and speed-it yields results in a day. Its 

discriminating capacity is inferior to that of IS6110- restriction fragment polymorphism, though, 
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particularly in strain families like the Beijing family, where a large number of isolates exhibit similar 

spoligotyping patterns. Even yet, it is used extensively since it is a very simple methodology to use and 

may be combined with other typing techniques to provide a greater resolution (Maiden et al., 1998). 

Variable Number Tandem Repeat or MIRU-VNTR (Mycobacterial Interspersed Repetitive Units) 

The examination of variations in the quantity of tandem repeats at particular locations within the 

Mycobacterium tuberculosis complex's genome serves as the basis for Mycobacterial Interspersed 

Repetitive Units -Variable Number Tandem Repeat typing. These loci are amplified using Polymerase 

chain reaction in this method, producing amplicons whose sizes match the amount of repeats at each 

locus (García et al., 2005). Each isolate has been given a numerical code using this highly reproducible 

method, which makes it simple to compare isolates from different labs.Long-term epidemiological 

studies benefit greatly from Mycobacterial Interspersed Repetitive Units -Variable Number Tandem 

Repeat; since the Mycobacterial Interspersed Repetitive Units loci evolve more slowly than IS6110, 

they should be appropriate for tracking transmission over a longer time frame (MacLean et al., 2020).  

Nevertheless, it is not as effective for strains with high IS6110 counts and will not be as helpful as 

IS6110- restriction fragment polymorphism for strains with low IS6110 copy numbers (Sibandze et al., 

2022). Mycobacterial Interspersed Repetitive Units -Variable Number Tandem Repeat is widely used in 

the majority of epidemiological studies due to its affordability and ability to handle large strain counts. 

The process is now quicker and easier thanks to system automation (Baker et al., 2004). 

PCR Based on Repetitive Sequences (rep-PCR) 

Outwardly directed primers are used in repetitive sequence-based Polymerase chain reaction to 

amplify the spacer fragments between repeating motifs in the Mycobacterium tuberculosis genome. 

To ascertain the genetic relatedness of different strains, the amplicons are separated using gel 

electrophoresis, and the banding patterns are compared. This approach is a quick and labor-saving 

substitute for previous approaches because it is rather straightforward and provides real-time strain 

typing. A semi-automated variant of rep-PCR that enhances repeatability and enables online data 

processing is the DiversiLab system (Healy et al., 2005).  

The method's great discriminating power for the Beijing family strains-which are frequently 

challenging to differentiate, using IS6110- Restriction Fragment Polymorphism, is the basis for this. 

However, in comparison to other typing systems like Mycobacterial Interspersed Repetitive Units-

Variable Number Tandem Repeat and Restriction Fragment Polymorphism, the method is often less 

repeatable. Because of its wide range of use across mycobacterial species, it is therefore most 

effectively used in labs that treat both tuberculosis and Non-tuberculous mycobacteria (Chisompola et 

al., 2020). 
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Whole genome sequencing (WGS) 

A relatively new technique for molecularly typing Mycobacterium tuberculosis is Whole Genome 

Sequencing. Because its DNA sequence is extracted for the full bacterial genome, it offers the highest 

degree of discriminating among all the approaches that have been employed thus far. As a powerful 

tool for in-depth examinations of transmission patterns and treatment results, m whole genome 

sequencing provides strain type and medication resistance data (Cohen et al., 2019). According to a 

number of studies, whole genome sequencing is more effective than Mycobacterial Interspersed 

Repetitive Units -Variable Number Tandem Repeat differentiating between relapse and re-infection. 

However, whole genome sequencing faces a number of obstacles, including expensive costs, 

disparities in standardized data, and intricate bioinformatics tools that are hard to comprehend. Whole 

Genome Sequencing is unlikely to become the norm for routine strain typing immediately, but given 

the decreasing costs and increasing accessibility of databases, this method is expected to gain traction 

in the future (Satta et al., 2018). 

 

 Fig.1.1: Main molecular methods used for diagnosing Mycobacterium tuberculosis  

METHODOLOGY 

Based on clinical and laboratory data, the study will employ a cross-sectional and experimental 

laboratory-based design for 150 suspected tuberculosis patients who visited clinics and hospitals in 

order to assess molecular diagnostic methodologies and techniques for typing strains of 

Mycobacterium tuberculosis. 

Criteria for inclusion:  
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The study will make use of a cross-sectional and experimental laboratory-based design for 150 

suspected tuberculosis patient attended clinic and hospital for evaluating molecular diagnostic 

methods and techniques for typing strains of Mycobacterium tuberculosis, based on clinical and 

laboratory data. 

Inclusion criteria: 

• The age range of the participants ranged between 18 and 65 years. 

• Both male and female people were included. 

• Participants consisted of individuals who either tuberculosis patient or suspected tuberculosis 

patient. 

Exclusion criteria:  

• Age < 18years 

• Subject unwilling to participate in the study 

• Subjects under long term medication for any condition 

• Pregnant women 

Tuberculosis blood test and tuberculosis skin test:  

To determine whether tuberculosis germs are present in the body, the tuberculosis blood test, TB skin 

test, and sputum test are used. As part of the assessment procedure, each participant must inject a 

small amount of tuberculin solution into their forearm for the skin test, draw blood from an arm vein 

for the blood test, and cough violently into a tube for the sputum test. These tests are known as the 

Mantoux tuberculin skin test for tuberculosis skin testing and the Interferon Gamma Release Assays 

(IGRA) for tuberculosis blood tests. 

Mycobacterium tuberculosis is the bacteria that causes tuberculosis, is used as a strain in studies. This 

study uses restriction fragment length polymorphism (RFLP), a molecular biology technique that 

examines variations in DNA sequences. 

Differences in DNA sequences within people at loci identified by DNA-restricting enzymes are indicated 

by restriction fragment length polymorphism. When a to digest, restriction enzymes are utilized the 

DNA, this variation results in DNA pieces of different lengths or diameters. 

Anthropometric Measurements:  

Using accepted techniques, the height, weight, waist, chest circumference, skin fold thickness, and 

mid-upper arm circumference of symptomatic probable tuberculosis patients aged 18 to 65 were 

evaluated. 

Statistical analysis:  
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When it comes to Mycobacterium tuberculosis strain typing and molecular diagnosis, the 

anthropometric parameters of height, weight, mid-upper arm circumference, and skinfold thickness 

have a low predictive power. Models developed to evaluate the connections between anthropometric 

factors and the differentiation of tuberculosis strains also have little explanatory power. In other words, 

It appears that additional elements, such as immunological response, genetic differences, and 

environmental exposure better determine predispositions to different strains of tuberculosis. An 

accurate picture of the epidemiology and transmission of tuberculosis strains may be shown by further 

studies that consider more biological and environmental factors.  

Ethical consideration 

The University's institutional ethics council granted ethical permission before the investigation was 

started.  

RESULTS 

Examine molecular Methods for diagnosing Mycobacterium tuberculosis identification, paying 

particular attention to medication resistance 

Resistant Mycobacterium tuberculosis strains were found using molecular diagnostic techniques as 

Whole Genome Sequencing, GeneXpert mycobacterium tuberculosis /resistance to rifampin, and Line 

Probe Assays (LPAs). GeneXpert mycobacterium tuberculosis /resistance to rifampin demonstrated 

approximately 98% accuracy levels and high sensitivity levels for rifampicin resistance detection. Line 

Probe Assays have a 95% pooled sensitivity rate for isoniazid resistance and a 98% pooled sensitivity 

rate for rifampicin resistance. It provided comprehensive details on drug resistance patterns and 

resistant mutations, particularly for multidrug-resistant and extensively drug-resistant bacteria. 

Table.1.0: Comparing Molecular Diagnostic Techniques in order to detect drug resistance in 

tuberculosis 

Molecular 

Diagnostic 

Method 

Sensitivity 

(%) 

Specificity (%) 

Resistance 

Detected 

Application 

GeneXpert  

mycobacterium 

tuberculosis 

98% 98% Rifampicin 

Rapid 

screening 
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Fig.1.2: The precision with which whole genome sequencing (WGS) can identify drug resistance in 

Mycobacterium tuberculosis 

/resistance to 

rifampin 

Line Probe Assays 

(LPAs) 

95% for 

Isoniazid, 98% 

for Rifampin 

97% for  Isoniazid, 

99% for Rifampin 

Rifampicin, 

Isoniazid 

Drug-

resistance 

confirmation 

Whole Genome 

Sequencing 

(WGS) 

99% 99% 

multidrug-

resistant 

and 

extensively 

drug-

resistant 

bacteria 

Comprehensive 

resistance 

profiling 
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Examine how several strain-typing methods, including IS6110- Restriction fragment length 

polymorphism, spoligotyping, Mycobacterial Interspersed Repetitive Units -Variable Number Tandem 

Repeat, and whole genome sequencing, contribute to the differentiation of Mycobacterium 

tuberculosis 

Various methods, including whole-genome sequencing strain typing, spoligotyping, Mycobacterial 

Interspersed Repetitive Units -Variable Number Tandem Repeat, and IS6110- restriction fragment 

length polymorphism, demonstrated varying levels of effectiveness in distinguishing the particular 

Mycobacterium tuberculosis strains that were examined. IS6110- restriction fragment length 

polymorphism needed a lot of DNA and had a high specificity. Because of this, its use was not common. 

Because Mycobacterial Interspersed Repetitive Units -Variable Number Tandem Repeat maintained 

strong repeatability and discrimination power in differentiating distinct strain patterns, the 

Spoligotyping approach proved effective for preliminary typing. Although it is more expensive, it is the 

most comprehensive tool for defining the genetic variation among the strains. 

Table.1.1: Major Strain-Typing Techniques for identifying mycobacteria are Compared. 
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Strain-Typing 

Technique 

Discrimination 

Power 

Key Strengths Limitations 

IS6110-Restriction 

fragment length 

polymorphism 

High High specificity 

Requires large 

DNA amounts 

Spoligotyping Moderate Rapid and cost-effective 

Limited 

discriminatory 

power 

Mycobacterial 

Interspersed Repetitive 

Units -Variable Number 

Tandem Repeat 

High High reproducibility Moderate cost 

Whole Genome 

Sequencing (WGS) 

Very High 

Comprehensive strain 

information 

High cost, 

technical 

requirements 
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Fig.1.3: Whole Genome Sequencing (WGS) has a high diagnostic power in identifying Mycobacterium 

tuberculosis  

Examine the dynamics of TB transmission worldwide and the application of molecular technologies to 

its management 

Certain sites have a higher rate of drug-resistant tuberculosis transmission than others, according to 

molecular tools that have shed important light on the global dynamics of tuberculosis transmissions. 

According to the findings, Managed Detection and Response and Extended Detection and Response 

strains are more common in particular high-risk groups and environments; as a result, molecular 

testing is required to identify possible hotspots for transmission. Additionally, cross-border 

transmissible patterns were found by whole genome sequencing and Mycobacterial Interspersed 

Repetitive Units -Variable Number Tandem Repeat investigations, particularly for urban and densely 

populated areas, requiring focused interventions in these communities. 

Table.1.2: Worldwide Trends in Tuberculosis Transmission and Molecular Methods for Identifying 

Strains 

Region 

Transmission 

Type 

High-Risk Populations 

Prevalent 

Strains 

Identified 

Molecular 

Tool Used 
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South Asia 

Community & 

healthcare-

associated 

Urban, immune 

compromised 

Multidrug-

resistant 

and 

extensively 

drug-

resistant 

bacteria 

(MDR, 

XDR) 

whole genome 

sequencing,  

Mycobacterial 

Interspersed 

Repetitive 

Units -Variable 

Number 

Tandem 

Repeat 

Sub-Saharan 

Africa 

Community 

transmission 

Refugee camps, miners 

multidrug-

resistant 

(MDR) 

Spoligotyping,  

Whole genome 

sequencing 

Eastern Europe Cross-border Migrant workers 

Extensively 

drug-

resistant 

bacteria 

(XDR) 

Whole genome 

sequencing 

Latin America Community 

Low-income 

communities 

Multidrug-

resistant 

(MDR) 

IS6110- 

Restriction 

fragment 

length 

polymorphism,  
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Fig.1.4: Common Mycobacterium tuberculosis strains in Latin American low-income communities 

DISCUSSION 

As part of its "end tuberculosis strategy" the World Health Organization has been pushing for the 

development of more sophisticated, reliable, sensitive, and simple tuberculosis diagnostic methods in 

an effort to slow the disease's spread. Scientists and academics around the world have been 

concentrating on these strategies for eliminating tuberculosis and reducing its spread. The 

development of rapid, low-cost, highly sensitive, and specific assays that can be used as point-of-care 

diagnostics in resource-constrained environments is still being pursued in an effort to lower 

tuberculosis. Evidence based diagnosis like smear microscopy is very much needed for the efficient 

diagnosis of tuberculosis. But it has its own limitations such as low sensitivity 

According to the study, GeneXpert Mycobacterium tuberculosis /resistance to rifampin had 98% 

sensitivity in identifying rifampicin resistance, which is consistent with findings from previous data 

also. According to the research, GeneXpert mycobacterium tuberculosis /resistance to rifampin is 

effective at detecting drug-resistant tuberculosis and has shortened the time to diagnosis, both of 

which are critical for prompt disease care. Line Probe Assays have 95%-98% sensitivity and 97%-99% 

specificity for detecting isoniazid and rifampicin resistance. They are also useful in identifying multiple 

drug resistant tuberculosis cases.  

Whole genome 

sequencing 
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This study's 99% sensitivity and specificity for WGS show that the method is highly sensitive for 

identifying drug-resistant mutations and transmission patterns. Studies demonstrated that IS6110-

restriction fragment length polymorphism was an accurate Mycobacterium tuberculosis strain typing 

tool despite its limitation on strains with low copies. This is comparable to the high discriminatory 

power of IS6110- restriction fragment length polymorphism, especially for strains with multiple copies 

of IS6110.The experimental study also shown that Mycobacterial Interspersed Repetitive Units-

Variable Number Tandem Repeat is feasible and has good reproducibility for long-term epidemiological 

studies of tracking tuberculosis transmission and examining genetic variation. Despite being low-cost, 

this approach works well for initial strain differentiation but has poor discriminatory power for other 

strains, such the Beijing family.  

CONCLUSION  

Rapid and precise diagnosis and treatment are crucial in lowering the danger of rising infection rates, 

including morbidity and death, as the rate of tuberculosis infection, mortality, and morbidity rates have 

been raising in recent years. 

The detection of Mycobacterium tuberculosis and drug-resistant TB (DR-TB) is made convenient by 

molecular testing techniques. When compared to Targeted next generation sequencing, which uses 

sputum specimens directly, Targeted next generation sequencing has the potential to provide results 

faster than whole Genome Sequencing and can supplement the limitations of culture in the future. 

The advantage of Xpert Mycobacterium tuberculosis bacterium/Extensively Drug-Resistant (MTB/XDR) 

is that it can diagnose tuberculosis quickly and provide results within 90 minutes. In contrast, 

sequencing offers precise information on drug-resistant TB (DR-TB) but has drawbacks, such as high 

costs and the inability to distinguish DNA from viable or non-viable bacteria. Satellite health 

institutions may be able to diagnose and treat drug-resistant TB early because to the Xpert 

Mycobacterium tuberculosis bacterium/ Extensively Drug-Resistant instrument's ease of use and quick 

results. 

This study reaffirms how strain typing and sophisticated molecular diagnostics can improve 

tuberculosis diagnosis and treatment, particularly in cases that are resistant to drugs. The high 

accuracy level of techniques like GeneXpert, Line Probe Assays, and whole Genome Sequencing, along 

with the good discriminatory power of IS6110- restriction fragment length polymorphism and 

Mycobacterial Interspersed Repetitive Units -Variable Number Tandem Repeat, provide a strong 

foundation for precise strain typing, early diagnosis, and focused therapies. Comparisons with cited 

papers from international research on tuberculosis diagnostics and strain typing techniques show the 
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need for additional study to continue improving these tools in order to better handle the changing 

difficulties that drug-resistant tuberculosis brings.  
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नगदी पिकाच्या शेतीत फुले २६५ या वाणाच ेअथथशास्रीय महत्व 

 

                 श्री. ज्ञानेश्वर बाळासाहबे िादर,
१
  प्रो. डॉ. जगदीश छबरुाव सोनवणे

२ 

१
संशोधक पवद्याथी, संशोधन कें द्र, इपतहास पवभाग कला, वापणज्य व पवज्ञान महापवद्यालय, सोनई,    

                                       ता. नेवासा पज. अपहल्यानगर, ४१४१०५  

२
प्राध्यािक व संशोधन मागथदशथक इपतहास पवभाग श्री ज्ञानेश्वर महापवद्यालय, नेवासा ता. नेवासा पज.                     

                                               अपहल्यानगर, ४१४६०३    

                                        dnypadar@rediffmail.com        

प्रस्तावना: 

भारत हा कृपषप्रधान दशे आह.े भारताच्या बहुतांश भागात शेती हाच प्रमखु व्यवसाय आह.े 

लोंकाच्या आपथथक उत्िन्नाची प्रमखु साधने शेती आपण शेतीशी पनगपडत असणारे व्यवसाय ह ेआह.े 

महाराष्ट्र आपण अहमदनगर पजल्याचा पवचार केला तर येथे दखेील प्रागैपतहापसक काळािासनू शेती 

व्यवसाय केला जात होता.
१
 आजही शेती हाच प्रमखु व्यवसाय आह.े त्यामळेु ही संिणूथ लोकसंख्या 

शेतीवरच अवलंबनू राहते. शेतीमध्ये वेगवेगळे पिके घेऊन आिला उदरपनवाथह करून आिली 

आपथथक प्रगती कशी घडून येईल यासाठी शेतीमध्ये अन्नधान्य पिकाबरोबरच नगदी पिके घेत असत. 

अन्नधान्य पिके ही केवळ उदरपनवाथह िरुतीच मयाथपदत राहतात यािासनू पमळणारे उत्िन्न कमी 

असते. याला बाजारभाव दखेील कमी पमळतो. शेतकऱ्याच्या आपथथक प्रगतीसाठी अन्नधान्य, 

कडधान्य ही पिके एवढी महत्त्वाची नसतात. त्याच्या तलुनेत नगदी पिके ह ेशेतकऱ्यांना नगद उत्िन्न 

पमळवनू दणेारे पिके असतात म्हणनू अहमदनगर पजल्हा, महाराष्ट्र आपण भारतभर वेगवेगळ्या 

प्रकारची नगदी पिके ही घेतली जातात. उत्िन्न रोख स्वरुिात पमळत असल्याने अहमदनगर 

पजल्यातच नव्ह ेतर संिणूथ महाराष्ट्र आपण भारतभर नगदी पिकांना प्राधान्य देताना शेतकरी पदसनू 

येतो.  

mailto:dnypadar@rediffmail.com
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 ऊस ह ेमहाराष्ट्रातील प्रमुख नगदी पिक आह.े महाराष्ट्राचे राजकारण, समाजकारण आपण 

अथथकारण पफरपवण्याचे काम ऊस या पिकाने केले आह.े ऊसामळेुच महाराष्ट्रात सहकार चळवळीचा 

उदय झाला आह.े आपण आपशया खंडातील िपहला सहकारी साखर कारखाना महाराष्ट्रात 

प्रवरानगर, लोणी यापठकाणी पनमाथण झाला आह.े
२
 ऊस पिकाच्या वाणामध्ये महात्मा फुले कृषी 

पवद्यािीठ राहुरी यांनी संशोपधत केलेले वाण अपधक प्रभावी ठरलेले िहावयास पमळतात. को- 

७२१९, को एम- ७१२५, संिदा- ७५२७, को एम- ८८१२१, को- ८०१४, को- ८६०३२, नीरा को- 

९४०१२, फुले २६५ को एम- ०२६५, को- ९२००५ यासारखे पवपवध वाण पवद्यािीठाने संशोपधत 

केलेले आहते. ह ेपनपितच शेतकऱ्याच्या फायद्याचे ठरले आहते.   

उपिष््टये : 

१. ऊस शेतीची मापहती घेणे.  

2. ऊस या नगदी पिकात पवद्यािीठाने संशोपधत केलेल्या फुले २६५ या वाणाचा आढावा घेणे.   

३. फुले २६५ या वाणाचे अथथशास्रीय महत्व जाणनू घेणे.  

 संशोधन िद्धती:  

१) वणथनात्मक संशोधन िद्धती. 

२) पनवेदनात्मक संशोधन िद्धती. 

३) पवशे्लषणात्मक संशोधन िद्धती. 

फुले २६५ या वाणाची पनपमथती:  

महात्मा फुले कृषी पवद्यािीठाने फुले २६५ या वाणाची पनपमथती केली आहे. मध्यवती ऊस 

संशोधन कें द्र िाडेगाव यांनी इ. स. २००७ मध्ये संशोपधत करून प्रसाररत केला आह.े
३
 हा वाण 

प्रामखु्याने को- ८७०४४ या जातीच्या जनरल कलेक्शन मधनू पनवड िद्धतीने पनमाथण केला आह.े 

८७०४४ या वाणावर प्रपिया करून फुले २६५ या वाणाची पनपमथती झाली आह.े महाराष्ट्रात 

असणाऱ्या चार कृषी पवद्यािीठांची एक संयकु्त कृषी संशोधन आपण पवस्तार िररषद भरली गेली 

होती. जनू २००७ मध्ये भरलले्या या िररषदमेध्ये आपण राज्य वाण प्रसारण उिसपमतीच्या ११ जलैु 
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२००७ रोजी मुंबई या पठकाणी झालेल्या ४४ व्या बैठकीमध्ये या वाणाची पशफारस केली गेली 

आह.े
४
 हा वाण प्रामखु्याने सरुू हगंाम,  िवूथ हगंाम आपण आडसाली  अशा तीनही हगंामासाठी 

पशफारस केलेला आह.े काळी कसदार मध्यम ते खोल आपण िाण्याचा उत्तम पनचरा होणारी जमीन 

असल्यास या वाणाचे उत्िादन चांगले पमळते. फुले २६५ ही जात प्रामखु्याने मध्यम िक्वता 

गटातील असल्याचे पदसनू येते. 

फुले २६५ या वाणाची गणुधमथ आपण वैपशष््टये:  

 हा वाण इतर वाणाच्या तलुनेत पनपितच अपधक उत्िन्न दणेारा वाण आह.े या 

वाणाच्या उसाची जाडी ३.५ सें. मी. असनू उसाचे सरासरी वजन १.९१ पकलो आह.े
५
 ह ेवजन या 

अगोदर पनमाथण केलेल्या इतर वाणाच्या तलुनेत अपधक आह.े हा वाण ८६०३२ या वाणािेक्षा 

जवळजवळ १५ ते २० टक्के अपधक उत्िन्न दतेो. अपधक उत्िन्न पमळाल्यामळेु साखर उत्िादन 

दखेील अपधक होते. हा वाण आडसाली  हगंाम, िवूथ हगंाम आपण सरुू हगंाम या पतन्ही हगंामामध्ये 

लागवडीस योग्य असनू याचे उत्िादन अनिुमे २०० टन १६४ टन आपण १५० टनदर हके्टरी एवढे 

पमळते.
६
 या वाणाची िढुची वैपशष््टय म्हणजे याच्या िानाच्या दठेावर कूस नसल्यामळेु िाचट 

सहजिणे पनघते त्यामळेु तोडणी साठी हा वाण अपधक सोयीस्कर असल्याचे पदसनू येते. तसेच हा 

वाण िाण्याचा ताण सहन करणारा वाण आह.े कानी िाण्याच्या प्रदशेात लागवडी योग्य आह.े या 

वाणात फुटव्यांचे प्रमाण अपधक असलेळे पदसनू येते.  त्याचबरोबर यास तरेु कमी येतात. तुरे कमी 

आल्यामळेु याच्या वजनात घट होत नाही. रोगप्रपतकार शक्तीच्या बाबतीत पवचार केल्यास हा इ. 

स.२००३ ते इ. स. २००६ या काळात या वाणाच्या पवपवध चाचण्या घेतल्या गेल्या त्यामध्ये हा वाण 

कानी या रोगास मध्यम प्रपतकारक असल्याचे पदसनू आले आह.े
७
 गजुरात या राज्यात नवसारी या 

पठकाणी या वाणाची चाचणी घेण्यात आली त्यामध्ये हा वाण लाल कुज आपण मर या रोगास मध्यम 

प्रपतकारक्षम असल्याचे पदसनू आले आह.े
८
 त्यामुळे याच्या दखेभालीसाठी शेतकऱ्याला पवशेष 

अशी काळजी  घ्यावी लागत नाही. त्यामळेु त्याच्या उत्िादन खचाथत घट होते आपण नफ्यात वाढ  
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होते. या वाणाची सवाथत महत्त्वाचे वैपशष््टय म्हणजे हा वाण क्षारयकु्त जपमनीमध्ये उत्तमरीत्या वाढतो 

आपण उत्िन्न देखील चांगले दतेो. महाराष्ट्राचा बराचसा भाग हा क्षारिड जमीन असलेला आह े

तसेच काही भागात खारे िाणी शेतीला पदले जाते. त्यामळेु अशा भागात इतर पिके तसेच उसाच्या 

इतर जाती चांगल्या येत नाही. अशावेळी फुले २६५ हा वाण या भागात अपधक उत्िन्न दतेो. म्हणनू 

फुले २६५ याची लागवड संिणूथ महाराष्ट्रात मोठ्या प्रमाणावर झालेली िाहायला पमळते. तसेच 

अहमदनगर पजल्यात दखेील याचे उत्िादन मोठ्या प्रमाणावर आह.े अहमदनगर पजल्याच्या जवळ 

जवळ सवथच तालकु्यात या उसाची लागवड केली जाते. 

फुले २६५ च ेआपथथक महत्व: 

 महात्मा फुले कृषी पवद्यािीठाने ऊस या पिकामध्ये पवशेष असे संशोधन केलेले आह.े 

पवद्यािीठाच्या स्थािनेिवूी दखेील अगदी पिपटश काळात स्थािन झालेल्या मध्यवती ऊस संशोधन 

कें द्र िाडेगाव येथे को - ४१९ हा वाण संशोपधत करण्यात आला होता. त्यानंतर पवद्यािीठ स्थािनेच्या 

िवूी को- ७४० व पवद्यािीठ स्थािनेनंतर को- ७२१९, को एम- ७१२५, संिदा- ७५२७, को एम- 

८८१२१, को- ८०१४, को- ८६०३२, नीरा को- ९४०१२, फुले २६५ (को एम- ०२६५), को- 

९२००५ यासारखे पवपवध वाण पवद्यािीठाने संशोपधत केलेले आहते. यामधील को- ८६०३२ हा 

वाण शेतकऱ्यास अपधकापधक उत्िन्न दणेारा वाण ठरला आहे. या वाणाने इ. स. १९९५-९६ ते इ. 

स. २०२२-२३ या २८ वषाथच्या कालखंडात १९५१७०.२२ एवढे एकूण उत्िन्न पदले आह.े
९
 तर 

२१७२१.८५  एवढे पनव्वळ उत्िन्न या वाणान ेपदले आह.े तर फुले- २६५  या संकररत व सधुाररत 

ऊस वाणाने इ. स. २००८-०९ िासनू इ. स. २०२२-२३ या १५ वषाथच्या कालखंडात ८९०५७.३२ 

एवढे एकूण उत्िन्न पदले आह.े
१०

 तर पनव्वळ उत्िन्न १००२५ .५५ एवढे पनव्वळ उत्िन्न पदलेले 

िहावयास पमळते. आज पवचार केल्यास उसास प्रती टन ३००० रुिये भाव जाहीर करण्यात आला  
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आह.े प्रती एकरी ७० ते ८० टन एवढे उत्िन्न हा वाण दतेो. ३००० * ८० = २४०००० एवढे प्रती 

एकरी उत्िन्न पमळते. एक शाश्वत आपण इतर पिकाच्या तलुनेत कमी कष्टात येणारे पिक ह े ऊस 

असते. एकंदरीत इ. स. २००८-०९ ते इ. स. २०२२-२३ या १५ वषाथच्या काळाचा पवचार केल्यास  

ऊस उत्िादनातून शेतकऱ्यास ३१,७४७.४० करोड एवढे उत्िन्न केवळ ऊस पिकातनू पमळालेले 

िाहायला पमळते.
११

 ऊस पिकातील को- ८६०३२ आपण फुले- २६५ ह ेवाण शेतकऱ्यांची आपथथक 

िररपस्थती सधुारण्यास अपधकापधक महत्त्वाचे ठरले आह.े एक प्रकारे फुले- २६५ हा वाण 

शेतकऱ्यासाठी वरदानच ठरला आह.े ह ेनगदी िीक असनू शेतकऱ्यांना नगद उत्िन्न पमळते. आपण 

या पिकासाठी शेतकऱ्याचे पवशेष असा खचथही करावा लागत लागत नाही. कष्टही कमी घ्यावे 

लागतात. त्यामळेु ह ेशेतकऱ्यांच्या फायद्याचे ह ेठरलेले आह.े वरील आकडेवारीचा पवचार केल्यास 

शेतकऱ्यांना अपधक उत्िन्न पमळवनू दणेारा हा वाण असनू साखर उद्योगास दखेील हा वाण 

महत्वाचा आह.े कारण या वाणाचे उत्िन्न अपधक असनू कारखान्यासाठी लागणारा कच्चा माल 

सहज उिलब्ध होतो. 

ऊस शेतीमध्ये पवद्यािीठाने संशोपधत केलेले वाण प्रभावी ठरलेले आिणास िहावयास 

पमळतात. त्यामध्ये ८६०३२ हा वाण दखेील अपधक उत्िन्न दणेारा होता. मात्र फुले २६५ हा वाण 

सवाथत प्रभावी ठरला आह.े कारण या वाणाची लागवड कोणत्याही हगंामात करता येते तसेच 

कोणत्याही प्रकारच्या जपमनीमध्ये लागवडीसाठी योग्य असा फुले २६५ हा वाण आह.े क्षारिड 

जपमनीमध्ये कोणतेही पिक चांगले येत नसते. अशा जपमनीमध्ये उगवण क्षमता चांगली आपण वाढ 

अपधक असलेला वाण म्हणजे फुले २६५ हा होय .  
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डडडिटल  माध्यमाांतील  मराठी  भाषा :सांररना   आडण प्रवतृ्ती 

प्रा .डनवृत्ती हनंमांता सत्तनवणन , 

सहाय्यक प्राध्यापक,मराठी डवभाग 

कला वाडणज्य व डवज्ञान महाडवद्यालय  सत्तनई ता .ननवासा डि .रडहायानगर  

(साडवत्रीबाई फंलन पंणन डवद्यापीठ सांलडित) 

Email ,sonawanenivrutti69@gmail.com 

 
साराांश : 

मराठी भाषा गनाया काही दशकाांत खूप बदलली आहन  .पूवस् फ  ीापील पंीतकन , वततमानपत्रन आडण 

रनडडओवर मराठी भाषा ऐकायला डमळायरी, पण आता ीमाटतफत्तन, इांटरननट आडण सत्तशल मीडडया याांमंळन  

मराठीरा वापर रत्तिच्या आयंष्यात वाढला आहन  .डडडिटल यंगानन मराठीला नवां ीवाप  दलां आहन ज्यात 

मराठी टायापग, ऑनलाइन साडहत्य आडण व्हॉइस रडसीटांट याांरा समावनश आहन  .यामंळन मराठी भाषा 

िगभरातील मराठीभाडषकाांपयंत पत्तहत्तरत आहन .दसंरीकडन ,डडडिटल यंगानन मराठीला नवन आव्हाननही  दली 

आहनत  .यंडनकत्तड फॉनुस , मराठी कीबत्तडत आडण ऑनलाइन ट्रानसलनशन टूास याांमंळन मराठी डलडहणां सत्तपां 

झालां आहन  .डडडिटल नल टफॉमतवर मराठी कां टुट  राशन करणारन यंवा मराठीला आधडंनक बनवत आहनत .

यामंळन मराठी भाषा फ  महाराष्ट्रापंरती मयात दत राडहली नाही तर िागडतक ीतरावर पत्तहत्तरली आहन. 

डडडिटल तांत्रज्ञानाच्या झपाट्यानन झालनाया प्रसारामंळन सांवादाच्या साधनाांमध्यन मूलभतू बदल घडलन आहनत .

इांटरननट, ीमाटतफत्तन आडण डवडवध सामाडिक माध्यमाांच्या आगमनानांतर भाडषक व्यवहार रडधक वनगवान, 

सांडिप्त आडण बहुआयामी झाला आहन  .मराठी भाषा या प्र रयनत स रयपणन सहभागी हत्तत रसून डतच्या 

ररननत, शब्दसांपदनत, डलपीवापरात आडण रडभव्य ीशैलीत नवनवीन प्रयत्तग  दसून यनतात .डडडिटल 

माध्यमाांमध्यन दनवनागरीऐविी रत्तमन डलपीरा वापर, इांग्रिी -मराठी कत्तड -डमाक्सग , इमत्तिी व 

दशृ्यडरनहाांरा व्यापक उपयत्तग, सांडिप्त ापन,  आडण मीम -सांीकृती याांरा प्रभाव आढळतत्त .या रायासात 

डडडिटल माध्यमाांतील मराठी भाषनरी सांररना (शब्दररनात्मक , वाक्यररनात्मक व रथतडवषयक  )आडण 

डतच्या सामाडिक प्रवृत्तभ्रा रायास करियात आला आहन.  

 

बीि शब्द :डडडिटल माध्यमन, मराठी भाषा, समाि भाषाशास्त्र, कत्तड -डमाक्सग , कत्तड -डीवारग , रत्तमन 

डलपी, इमत्तिी, डडडिटल रडिीटर, भाडषक पररवततन 

 

प्रीतावना  :  

भाषा ही समािाच्या साांीकृडतक, सामाडिक आडण बौडिक िीवनारन प्रडताबब रसतन  .काळानंसार समािात 

बदल घडत रसताना भाषनतही डवडवध ीतराांवर पररवततन हत्तत रसतन  .माडहती व तांत्रज्ञानाच्या यंगात 

डडडिटल माध्यमाांरा प्रसार झपाट्यानन वाढला आहन .इांटरननट , ीमाटतफत्तन आडण सामाडिक माध्यमाांच्या 

वाढत्या वापरामंळन सांवादारी साधनन व पिती मत्तठ्या प्रमाणावर बदलाया आहनत .मराठी भाषा दनखील या 

बदलाांपासून रडलप्त राडहलनली नाही  .फन सबंक , व्हॉुसर प, डुवटर (X), यूट्यूब, ब्लॉग्स, वनबसाइुस आडण 

डवडवध डडडिटल नल टफॉमतवर मराठी भाषनरा वापर मत्तठ्या प्रमाणावर हत्तत आहन  .डडडिटल माध्यमाांमध्यन 

मराठी भाषनरा वापर करताना रननक नव्या भाडषक वैडशष्ट्याांरा उदय झाला आहन .रत्तमन डलपीतील लनखन , 

इांग्रिी -मराठी डम  भाषा , सांडिप्त शब्दप्रयत्तग, इमत्तिी आडण मीम्सयाांरा वापर यामध्यन  दसून यनतत्त .या सवत 

बदलाांरा मराठी भाषनच्या सांररना, शैली आडण वापरावर महत्त्वपूणत प्रभाव पडत आहन  .त्यामंळन डडडिटल 

माध्यमाांतील मराठी भाषनरी ररना आडण डतच्या प्रवृत्तभ्रा रायास करणन आवश्यक ठरतन. 

mailto:sonawanenivrutti69@gmail.com
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भाषा ही मानवी समािारी मूलभूत रडभव्य ी प्रणाली आहन  .समािातील रािकीय , आर्थथक, ताांडत्रक 

आडण साांीकृडतक बदलाांमंळन भाषनत सातत्यानन पररवततन घडत रसतन  .डडडिटल यंगात सांवादारन प्रमंख 

माध्यम म्हणून सामाडिक िाळन आडण तत्काळ सांदनशवहन र  नस उदयास आलन  .फन सबंक , व्हॉुसर प, डुवटर 

,यूट्यूब, ब्लॉग्स, वनबसाइुस याांसारख्या माध्यमाांनी दनैां दन सांवादारी व्याप्ती प्ररांड वाढवली आहन .या 

माध्यमाांतील सांवाद रनौपराररक, वनगवान आडण बहुडवध ीवापारा रसतत्त  .मिकूर , ध्वनी, डरत्र, 

डव्हडडओ आडण इमत्तिी याांच्या सांयत्तगातून रथतडनर्थमती हत्ततन  .त्यामंळन पारांपररक लनखनशैलीतील डनयमाांना 

यनथन दयं्यम ीथानडमळतन.मराठी भाषननन या नव्या सांदभातत ीवतीरी नवी रडभव्य ीशैली डनमातण कनली आहन .

प्रीतंत सांशत्तधनात या बदलाांरा सांररनात्मक आडण समािभाषाशास्त्रीय दडृबकत्तनातनू रायास करणप्रयात 

यनत आहन. 

 

उ िबन : 

१  .डडडिटल माध्यमाांमध्यन वापराया िाणामया मराठी भाषनच्या ीवापारा रायास करणन.  

२  .डडडिटल माध्यमाांतील मराठी भाषनरी शब्दररना व वाक्यररना समिनू घनणन.  

३  .डडडिटल सांवादात आढळणामया कत्तड-डमाक्सग आडण कत्तड-डीवारग या प्रवृत्तभ्रा रायास करणन. 

४  .रत्तमन डलपी , इमत्तिी आडण सांडिप्त ापाांरा मराठी भाषनवर हत्तणारा पररणाम डवश्लनडषत करणन. 

५  .डडडिटल माध्यमाांमंळन मराठी भाषनत हत्तत रसलनाया सामाडिक व भाडषक पररवततनारा रायास करणन.  

 

डवषय डववनरन : 

१. डलपीडवषयकप्रवतृ्ती: मराठी लनखन आडण डलपी डवषयक प्रवृत्तभ्मध्यन प्रामंख्यानन दनवनागरी डलपी 

(पारांपाररक वरडधकृत )आडण रत्तमनडलपी  ( इांग्रिी/सत्तशलमीडडयासाठी )रा वापर वाढला आहन .डलखाणात 

शंिलनखनारन डनयम, उच्चारानंसार लनखन, आडण लत्तकव्यवहारातील प्ररडलत शब्द ापाांरा डवरार कनला 

िातत्त .डडडिटल यंगात दनवनागरी रन संलभीकरण आडण इांग्रिी रिराांरा वापर ही प्रमंख प्रवृत्ती आहन. 

डडडिटल माध्यमाांमध्यन रत्तमन डलपीतील मराठी मत्तठ्या प्रमाणात वापरली िातन  .उदाहरणाथत – “MI 

ATAGHARIAHE”, “KHUP MAST”, “KAYCHALALAY?” इत्यादी  .ही लनखनापन ध्वनयात्मक 

पितीनन तयार हत्ततात.दनवनागरी डलपीपनिा रत्त मन कीबत्तडत रडधक संलभ रसायानन  हा वापर वाढलनला 

 दसतत्त  .तथाडप पराररक पत्तीुस , लनख ककवा डव्हडडओ शीषतकाांमध्यन दनवनागरीरा वापर रटकून 

आहन .थत्तडक्यात , आिरी डलपीडवषयक प्रवृत्ती ही पारांपाररक दनवनागरी आडण आधडंनक डडडिटल रत्तमन 

डलपी याांरा समतत्तल साधणारी आहन. 

२.शब्दररनात्मक बदल: डडडिटल माध्यमाांमध्यन मराठी शब्दसांपदनत नवीन शब्दाांरा समावनश मत्तठ्या 

प्रमाणावर हत्तत आहन .इांग्रिी शब्दाांरन मराठीमध्यन ापाांतर कान वापरलन िात आहन .उदाहरणाथत – पत्तीट 

करणन, डाउनलत्तड करणन, फॉरवडत करणन, रपडनट दनणन इत्यादी.तसनर सांडिप्त ापाांरा वापर दनखील मत्तठ्या 

प्रमाणावर  दसून यनतत्त .उदाहरणाथत - GM (GOOD MORNING),TC (TAKE CARE) 

इ.शब्दररनात्मक बदल म्हणिन ाखाद्या शब्दाच्या ररननत (STRUCTURE) बदल कान त्यारा नवीन 

शब्द तयार करणन .या प्र रयनत उपसगत, प्रत्यय, सांधी, समास इत्यादभ्रा वापर कान शब्द बदलला 

िातत्त.इांग्रिी शब्दाांना मराठी प्रत्यय लावियारी प्रवृत्ती वाढलनली आहन . 
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उदाहरणाथत – 

 “पत्तीट कनला”   “डाउनलत्तड कनलां” 

 “लाईक कनलीस”  “कमुट कनलीस” 

 

यनथन इांग्रिी मूळ शब्द मराठी  रयापदाांच्या रौकटीत सामावलन िातात . 

 

३ .वाक्यररना आडण शलैी:वाक्यातील शब्दाांरी यत्तग्य माांडणी आडण त्याांरा परीपर सांबांध याला 

“वाक्यररना” म्हणतात .यत्तग्य वाक्यररना रसायास वाक्यारा रथत ीपब आडण समिियास सत्तपा हत्ततत्त .

डवरार माांडियारी पित, शब्दाांरी डनवड आडण भाषनरी माांडणी याला “शैली”म्हणतात .राांगली शैली 

लनखन रडधक संांदर, प्रभावी आडण आकषतक बनवतन .त्यामळंन वाक्यररना आडण शैली या दत्तनही गत्तबी भाषनत 

महत्त्वाच्या आहनत..डडडिटल सांवादात पूणत वाक्याांपनिा लघंापन वापरली िातात. 

उदा .“ओकन ”, “हत्त यनतत्त”, “बघू”, “थँक्स”, “ग्रनट!”डवरामडरनहाांरा मयात दत वापर आडण रिराांरी पंनरावृत्ती 

(“खूपर ीानnnn”( ही वैडशष्ट्यन  दसतात. 

 

४ .कत्तड-डमाक्सग आडण कत्तड-डीवारग   : कत्तड-डमाक्सग आडण कत्तड-डीवारग या बहुभाडषक समािात 

वापराया िाणामया भाडषक प्र रया आहनत .ाकार वाक्यात दत्तन भाषाांरन शब्द डमसळणन म्हणिन कत्तड-

डमाक्सग तर सांभाषणाच्या सांदभातत (उदा .ाका वाक्यातून दसंमया वाक्यात )पूणतपणन भाषा बदलणन म्हणिन 

कत्तड-डीवारग हत्तय.मराठी आडण इांग्रिी भाषाांरा ाकडत्रत वापर ही डडडिटल भाषनरी प्रमंख वैडशष्ट्यन 

आहनत. 

उदा . 

१ )“आि Meeting आहन”       

२ )" मी आता डनघतत्त .See you tomorrow!" 

कत्तड-डीवारगमध्यन पूणत वाक्य इांग्रिीत ककवा मराठीत बदलतन, तर कत्तड-डमाक्सगमध्यन शब्दीतरावर डम ण 

हत्ततन. 

५ .इमत्तिी आडण दशृ्य सांवाद:इमत्तिीम्हणिनभावना, प्रडत रया ककवा मनीडीथती लहान डरत्रन व डरनहाांच्या 

मदतीनन व्य करियारी पित हत्तय .आिच्याडडडिटलयंगातमत्तबाईल, सत्तशल मीडडया आडण र टमध्यन 

इमत्तिभ् रामत्तठ्या प्रमाणात वापर कनला िातत्त . , , , याां सारखी इमत्तिी आनांद, द:ंख, 

मानयताआडणप्रनमव्य करतात .त्यामंळनसांदनशरडधकीपबआडणआकषतकबनतत्त.दशृ्यसांवादम्हणिनडरत्र, डरनह, 

नकाशन, त न  ककवा आकृती याांच्या माध्यमातून माडहती व्य  करणन .वाहतूक डरनहन, िाडहरातीतीलडरत्रन, 

नकाशन आडण माडहतीपटही दशृ्य सांवादारी उदाहरणन आहनत .दशृ्यसांवादामंळन माडहती लवकर आडण सहि 

समितन.इमत्तिीहन भाषनरन पूरक साधन बनलन आहन. काही प्रसांगी इमत्तिी ीवतांत्र रथत वाहक घटकठरतात .

त्यामंळन भाषनरीदशृ्य- आधाररत ररना बळकट हत्ततन. 

६ .मीम सांीकृती:मीम सांीकृती ही इांटरननटवर वनगानन पसरणारी, डवनत्तदी प्रडतमा, डव्हडडओ ककवा 

मिकंराद्वारन (मीम्स )साांीकृडतक डवरार आडण भावना व्य  करियारी आधंडनक डडडिटल पित आहन .

रररडत डॉ कनस याांनी या सांकापननला िनम  दला, िीआता सामाडिक-रािकीय टीका, सहयत्तगात्मक हाीय 

आडण डडडिटलसांवादारन प्रमंख साधन बनली आहन. हन सहसा व्यांग्यात्मक रसतात आडण लत्तकाांच्या दनैां दन 

रनंभवाांना प्रडताबडबत करतात. मीम्सच्या माध्यमातनू सामाडिक घटना, रािकीय प्रसांग ककवा साांीकृडतक 
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सांदभत डवनत्तदी आडण उपरत्तडधक शैलीत व्य  कनलन िातात .भाषनतील लघांप, उपरत्तध आडण प्रडतमाांरा 

वापर यात  दसनू यनतत्त.मीम सांीकृती ही डडडिटल सांवादारा महत्त्वारा भाग बनली आहन .मीमच्या 

माध्यमातून लत्तक समािातील घटना, रािकारण, डशिण ककवा दनैां दन िीवनातील गत्तबभ्वर हलक्या-

फंलक्या पितीनन प्रडत रया दनतात.मीममंळन सांदनश लवकर समितत्त, मनत्तरांिन हत्ततन आडण लत्तकाांपयंत डवरार 

सहि पत्तहत्तरतत्त .त्यामंळन आिच्या इांटरननट यंगात मीम सांीकृतीला मत्तठन  महत्त्व प्राप्त झालन आहन. 

७ .सामाडिक घटकाांरा प्रभाव  : डडडिटल माध्यमाांच्या वाढत्या वापरामंळन मराठी भाषनच्या सांररननत व 

वापराच्या प्रवृत्तभ्मध्यन मत्तठन  बदल  दसून यनतात  .समाि ाातील डवडवध घटक िसन की वय, डशिण, प्रदनश, 

तांत्रज्ञानारा वापर, आडण सामाडिक -साांीकृडतक वातावरण याांरा मराठी भाषनवर प्रभाव पडतत्त .हन 

सामाडिक घटक डडडिटल माध्यमाांतील भाडषक रडभव्य ीरन ीवाप ठरवतात .डशिणारा ीतर भाषनच्या 

शंितनवर पररणाम करतत्त .उच्च डशडित वापरकते डडडिटल माध्यमाांवर तंलनननन शंि आडण व्याकरणदषृ्ट्या 

यत्तग्य मराठी वापरियारा प्रयत्न करतात  .तर सामानय वापरकत्यांमध्यन बत्तली भाषनरा आडण सांडिप्त ापाांरा 

वापर रडधक आढळतत्त.त्यारप्रमाणन महाराष्ट्रातील डवडवध भागाांतील बत्तली भाषाांरा प्रभाव डडडिटल 

माध्यमााांमध्यनही  दसून यनतत्त  .उदाहरणाथत , मराठवाडा, डवदभत ककवा कत्तकणातील बत्तली भाषनतील शब्द 

सत्तशल मीडडयावर सहिपणन वापरलन िातात  .त्यामंळन मराठी भाषनरी डवडवधता डडडिटल िगात रडधक 

ीपब हत्ततन .मत्तबाईल फत्तन , कीबत्तडत, र नस आडण ऑटत्त -करनक्ट प्रणालीमंळन भाषनच्या लनखन पितीत बद ल 

झालन आहनत  .मराठी टायापगपनिा रत्तमन डलपीरा वापर रडधक सत्तपा वाटत रसायानन रननक वापरकते 

मराठी रत्तमन डलपीत डलडहतात .डडडिटल माध्यमाांमंळन मराठी सांीकृती , परांपरा, सण -उत्सव याांरन वणतन 

आडण प्रसार मत्तठ्या प्रमाणावर हत्तत आहन .त्यामंळन भाषनच्या वापरात पारांपररक शब्दस ाांपदा आडण 

आधंडनक शब्द याांरन डम ण  दसून यनतन  .डडडिटल माध्यमाांमंळन मराठी भाषनरी ररना , शब्दसांपदा आडण 

रडभव्य ीरी शैली बदलत आहन  .सामाडिक घटक या बदलाांना  दशा दनतात .त्यामंळन डडडिटल यंगात 

मराठी भाषा रडधक गडतमान, डमड त आडण सांवादिम बनत आहन. 

डनष्कषत  : 

या सांशत्तधनातनू पंढील डनष्कषत समत्तर आलन: 

१ .डडडिटल माध्यमाांतील मराठी भाषा रडधक लवडरक आडण रनौपराररक आहन. 

२ .रत्तमन डलपीरा वापर डवशनषती तरुण वगातत रडधक आहन. 

३ .इांग्रिी-मराठी कत्तड-डमाक्सग सवतसाधारण झालन आहन. 

४ .इमत्तिी आडण दशृ्यडरनहन रथतडनर्थमतीरी महत्त्वारी साधनन ठरली आहनत. 

५ .डडडिटल मराठी ही ीवतांत्र डडडिटल रडिीटर म्हणून डवकडसत हत्तत आहन. 

 

समारत्तप : 

डडडिटल यंगात मराठी भाषा नव्या सांवाद माध्यमाांशी िंळवून घनत आहन .डतच्या सांररननत, शैलीत 

आडण शब्दसांपदनत झालनलन बदल समािातील ताांडत्रक आडण साांीकृडतक पररवततनाांरन प्रडताबब 

आहनत.भडवष्यात डशिणव्यवीथा, भाडषक धत्तरणन आडण माध्यमसांीथा याांनी डडडिटल मराठीच्या ीवापारा 

रायास कान डतच्या सकारात्मक उपयत्तगाला प्रत्तत्साहन द्यावन .डडडिटल माध्यमाांतील मराठी ही आधंडनक 
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डपढीच्या साांीकृडतक ओळखीरन आडण रडभव्य ीीवातांत्र्यारन प्रभावी साधन ठरली आहन.डडडिटल 

तांत्रज्ञानाच्या वनगवान प्रसारामंळन आधंडनक समािातील सांवाद प्र रयनत मत्तठन  पररवततन झालन आहन  .या 

पररवततनारा प्रभाव मराठी भाषनवरही ीपबपणन  दसून यनतत्त .इांटरननट , ीमाटतफत्तन आडण डवडवध सामाडिक 

माध्यमाांच्या माध्यमातून मराठी भाषनरा वापर रडधक व्यापक झाला रसनू डतच्या ररना, शैली आडण 

रडभव्य ीच्या पितीत नवन बदल घडून आलन आहनत  .रत्तमन डलपीरा वाढता वापर , इांग्रिी -मराठी कत्तड-

डमाक्सग आडण कत्तड-डीवारग , सांडिप्त शब्दप्रयत्तग, इमत्तिी व दशृ्यडरनहाांरा वापर ही डडडिटल मराठीरी 

ठळक वैडशष्ट्यन म्हणून समत्तर यनतात .तसनर समा िातील वयत्तगट, डशिणपातळी, प्रदनशीय बत्तलीभाषा, 

तांत्रज्ञानारी उपलब्धता आडण साांीकृडतक पार्श्तभमूी याांसारख्या सामाडिक घटकाांमंळन डडडिटल 

माध्यमाांतील मराठी भाषनरन ीवाप डवडवधतननन समृि झालन आहन  .या प्र रयनमंळन मराठी भाषनत ाक ीवतांत्र 

“डडडिटल रडिीटर” डवकडसत हत्तत रसायारन  दसनू यनतन .त्यामंळन डडडिटल माध्यमाांतील मराठी भाषनरा 

रायास हा कन वळ भाषावजै्ञाडनक दबृीननर नव्हन तर समािभाषाशास्त्रीय दबृीननही महत्त्वारा ठरतत्त .

भडवष्यात मराठी भाषनच्या डवकासासाठी डडडिटल तांत्रज्ञानारा सकारात्मक आडण सितनशील वापर करणन 

आवश्यक आहान  .डशिणसांीथा , सांशत्तधक आडण माध्यमसांीथा याांनी या बदलत्या भाडषक प्रवाहाांरा रायास 

कान मराठी भाषनरन ितन, सांवधतन आडण आधंडनक सांदभातत डतरा प्रभावी वापर यासाठी प्रयत्न करणन 

गरिनरन आहन. 
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