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WARENESS OF SOUTH AMERICAN TOMATO PINWORM (TUTA ABSOLUTA) AMONG TOMATO 

GROWING FARMERS OF NASHIK DISTRICT, MAHARASHTRA, INDIA. 

Jayashree S. Shinde1, Dr. Vitthal. R. More2 
1Maulana Azad College, Chhatrapati Sambhajinagar  

2 Government College of Arts and Science College, Chhatrapati Sambhajinagar. 

 1jayashreeshinde64554@gmail.com,  2vrmore2015@gmail.com 

ABSTRACT  

A field survey was conducted during 2023–24 to assess the awareness, perception and management 

practices of tomato farmers regarding tomato pinworm, Tuta absoluta (Meyrick), in Nashik district of 

Maharashtra. A structured questionnaire was administered to 140 tomato growers selected from seven 

major tomato-growing talukas, Nashik, Niphad, Dindori, Sinnar, Chandwad, Trimbakeshwar and 

Igatpuri (20 farmers per taluka). The study revealed that although a majority of farmers were aware of 

the pest’s leaf-mining and fruit-boring nature, gaps existed in correct identification of life stages, 

economic threshold level and scientific management practices. Chemical control dominated pest 

management decisions, while adoption of integrated pest management (IPM) components such as 

pheromone traps, biological control and cultural practices was comparatively low. Different reasons 

behind the unknowingness about the insect pest Tuta absoluta are studied. The tomato crop is taken to 

a great extent in Nashik district and also the loss due to this pest is at its peak. The awareness about 

the life cycle of experimental pest and the managing tools was made among some of the farmers.  With 

the   management of experimental pest, the awareness of the pest is also necessary. The findings 

highlight the need for location-specific extension programmes and farmer-oriented training to promote 

sustainable management of T. absoluta in the district. 

KEYWORDS  

Tomato pinworm, survey, farmer knowledge, IPM, unknowingness, awareness, questionnaire 

INTRODUCTION  

Tomato is a remunerative vegetable crop which is very popular in the world for its taste, nutritive value 

and diversified use. Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops 

cultivated in Maharashtra, with Nashik district emerging as a major production hub supplying both fresh 

markets and processing industries. In recent years, tomato production has been severely constrained 

by the invasion and rapid spread of tomato pinworm, Tuta absoluta (Meyrick) (Lepidoptera: 
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Gelechiidae).  The larvae feeds voraciously upon tomato plants, producing large galleries   in leaves, 

burrowing in stalks, and consuming apical buds and green and ripe fruits. It is capable of causing a yield 

loss of 100%.  

 

 
Major tomato growing Talukas from Nashik District 

Effective   management of T. absoluta requires timely identification, knowledge of its biology and 

application of integrated pest management strategies by the farmers. However, farmers decisions are 

often influenced by their level of awareness, access to information and perception of control measures. 

Understanding the existing knowledge and practices of farmers is therefore needful for designing 

effective ways of management tools. The present investigation was undertaken to document taluka-

wise knowledge, awareness, perception and management practices of tomato growing farmers 

regarding T. absoluta in Nashik district. 

MATERIALS AND METHODS 

Study area 

The survey was conducted in Nashik district of Maharashtra, India. Seven major tomato-growing 

talukas, namely Nashik, Niphad, Dindori, Sinnar, Chandwad, Trimbakeshwar and Igatpuri, were 

selected for the study.  

Sampling and sample size  

https://www.ijitmr.com/
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A total of 140 tomato growers farmers were selected using purposive random sampling, comprising 20 

farmers from each taluka.  

Survey questionnaire and data collection 

Data were collected using a pre-tested structured questionnaire covering aspects as following: 

1. Awareness and identification of T. absoluta 

2. Awareness about damage symptoms in tomato crops and crop stage affected. 

3. Perception of severity and yield loss 

4. Management practices adopted (chemical, biological, cultural and mechanical) 

Personal interviews of tomato growing farmers were conducted during field visits in these seven 

Talukas. 

 Data analysis 

Responses were compiled, tabulated and expressed as frequencies and percentages. Taluka-wise 

comparison of all the aspects of study was carried out.  

RESULTS AND DISCUSSION 

Awareness and identification of Tuta absoluta 

A majority of farmers across all talukas were aware of T. absoluta as a serious pest of tomato (Table 1). 

Awareness was highest in Dindori (90%) and Nashik (85%), possibly due to higher tomato acreage and 

frequent pest outbreaks. However, correct identification of different life stages was relatively poor, 

indicating partial knowledge. Shows unknowingness of biology or the different life stages such as egg, 

larval stages, pupa and adult moth stage of the tomato pinworm. 

Table 1. Taluka-wise awareness of tomato pinworm among tomato growers of Nashik district 

Taluka Farmers aware (%) Farmers unaware (%) 

Nashik 85 15 

Niphad 80 20 

Dindori 90 10 

Sinnar 80 20 

Chandwad 70 30 

Trimbakeshwar 60 40 

Igatpuri 40 60 

Figures in parentheses indicate percentage of respondents (n = 20 per taluka). 

https://www.ijitmr.com/
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Awareness about the damage symptoms of tomato crop and crop stage affected 

Most respondents (farmers) correctly identified leaf mining as a common symptom, while fewer 

farmers associated fruit damage with T. absoluta  infestation (Table 2). The vegetative and fruiting stages 

were perceived as most vulnerable.The farmers are totally unaware about the secondary infections like 

bacterial and fungal, after the tunneling of fruits by the tomato pinworm. Similar observations have 

been reported from other tomato-growing regions of India. 

Perception of pest severity and yield loss 

More than half of the farmers perceived T. absoluta as a high-severity pest causing significant yield 

losses (>30%). Farmers from Nashik and Dindori  

Table 2. Knowledge of damage symptoms caused by Tuta absoluta 

Damage symptom Respondents (%) 

Leaf mining 78 

Stem tunneling 42 

Fruit boring 55 

Talukas   which have been reported comparatively higher losses, those attributed to continuous tomato 

cultivation and favorable climatic conditions. 

Management practices adopted by farmers 

Chemical control was the most commonly adopted practice near about in all talukas (Table 3).  

Frequent use of broad-spectrum insecticides was reported.  Adoption of pheromone traps and 

biological control agents was limited. It clearly indicates low awareness of IPM components among the 

farmers. 

Table 3. Taluka-wise application of different management practices against Tuta absoluta 

Taluka Chemical control (%) Pheromone traps (%) Biological control (%) 

Chandwad 80 30 10 

Dindori 95 50 30 

Igatpuri 85 20 2 

Nashik 85 50 25 

Niphad 80 40 5 

Sinnar 75 30 5 

Tryambakeshwar 80 25 2 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

9  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

The dominance of chemical control shows immediate effectiveness and easy availability, but it may 

increases the threats regarding resistance development in the Tuta absoluta and environmental safety 

issues in the future. Also, the health issues among the farmers and society via the food chain and the 

water cycle also. 

Chart -1 

 

Chart -2 
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Chart -3 

 

 

CONCLUSION 

Tuta absoluta is one of the most harmful insect pests of several cultivated and non-cultivated host 

plants, particularly tomato plant (Solanum lycopersicum L). Chemical insecticides are mainly used to 

manage the tomato leaf miner. However, their excessive use has led to several problems. Biological 

managment remains an eco-friendly alternative for management of this pest. It relies on using bacteria, 

entomopathogenic fungi, animals and plants. Plant extracts are easy to applicate and have low costs. 

Several species, plant parts and extracts forms are used. Biological effects of these extracts are due 

probably to their major components that affect vital physiological functions such as neurophysiology 

and and respiration of the pest. The survey clearly indicates that tomato growers in Nashik district 

possess moderate knowledge about Tuta absoluta and mostly rely on chemical control measures. 

Adoption of eco-friendly and integrated pest management practices remains limited due to various 

technical and economic problems. Specific targeted action plans, capacity-building programmes and 

promotion of IPM strategies are essential for sustainable management of T. absoluta in the region. 
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ABSTRACT  

The paper provides information on the use of plant crude drugs for Leucorrhea diseases prevalent in 

tribal communities of Rahuri tehsil Ahmednagar district, Maharashtra. The local inhabitants in the 

region have inherited rich traditional knowledge of the use of many plant or plant parts for treatment of 

common diseases. They often have the information on how to use the plants and to take or to apply the 

medicines for different diseases, fodder and health care. Leucorrhoea is an abnormal excessive vaginal 

discharge commonly observed among women of reproductive age. Ethno-botanical surveys were 

conducted during 2024 and 2025 in villages. This paper explores its various types and causes, cultural 

perceptions, and ethno – botanical medicinal plant-based treatments. In this paper 12 plant taxa 

belonging to 12 genera and 11 families. This research paper also gives some comparative studies with 

modern medicine, Pharmacogonosy used for Leucorrhoea with hygienic tips & risk factors in women. 

The tribal communities of the area depend on the herbal drug for their primary health care that is 

attributed partly to their socio-economic and cultural background. 

KEYWORDS  

Ethno – botanical knowledge, Medicinal Plants, Leucorrhoea, Rahuri Tehsil  

INTRODUCTION  

India is a treasure of biodiversity which hosts a large variety of plants and ranks 10th among plant rich 

countries of the world and 4th among the Asian countries. Medicinal plants are nature’s gift to mankind 

and are rich heritage of India. According to WHO, 2008; the term “traditional medicine” is to be 

understood as the sum total of the knowledge, skills and practices based on theories, beliefs and 

experiences indigenous of different cultures that are used to maintain and improve health, as well as, 

to prevent, diagnose and treat physical and mental illness. The WHO has a keen interest in documenting 

https://www.ijitmr.com/
mailto:editor@ijitmr.com
mailto:sac16091994@gmail.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

14  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

the use of medicinal plants by native peoples from different parts of the world (Buragohain, 2011). Folk 

knowledge of the people in a given community has developed over time and is based on experience, 

often tested over centuries of use, adopted to the local culture & environment and held by individuals 

or communities (Martin GJ, 1995). Leucorrhoea, commonly described as an excessive vaginal 

discharge, is a widespread gynecological concern affecting women of various age groups, particularly 

those in their reproductive years. While mild vaginal discharge can be physiological, excessive or 

abnormal discharge often indicates underlying infections, hormonal imbalances, or reproductive tract 

disorders. Leucorrhoea refers to the excessive or abnormal discharge from the female genital tract, 

typically white or slight yellowish. It may be benign or indicative of infection, inflammation, or systemic 

disorders. In India, where rural and tribal communities heavily rely on traditional healthcare knowledge, 

medicinal plants have played a significant role in managing female reproductive health issues, 

including Leucorrhoea. This paper explores the traditional wisdom associated with medicinal plants 

used for treating leucorrhoea, analyzing their phytochemical properties, therapeutic mechanisms, and 

relevance in contemporary healthcare systems. Traditional knowledge refers to the wisdom, practices, 

and skills developed by indigenous and local communities over generations. In healthcare, it includes 

herbal remedies, diagnostic methods, spiritual healing, and holistic approaches. Traditional medicine 

has historically addressed women’s reproductive health, offering remedies for menstrual disorders, 

infertility, pregnancy-related care, and vaginal infections. Many herbal formulations for leucorrhoea still 

form a part of rural healthcare practices in India. 

Types of Leucorrhoea 

1. Physiological Leucorrhoea – is normal, healthy vaginal discharge that occurs due to hormonal 

fluctuations / activity, emotional stress or anxiety, puberty (estrogen production), active cervical 

and vaginal glands, ovulation, or pregnancy. It caused by Kapha predominance condition, It is 

not a disease and not indicate infection. It is the body’s way of cleaning and lubricating vagina. 

It is white or clear and smell is mild or without smell. During physiological Leucorrhoea there is 

Painless. 

2. Pathological Leucorrhoea – It’s an Abnormal, excessive, foul smelling white / yellow / green 

vaginal discharge caused by microbial infections [bacterial (thin, grey – white), fungal (thick 

white, curdy discharge), or parasitic (frothy, yellow – green discharge)], poor genital hygiene, 

sexually transmitted infections, or cervical erosions. It causes genital itching or irritation, 
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backache, lower abdominal pain, dysuria, dyspareunia (painful intercourse), fever in severe 

infection (PID). 

3. Inflammatory Leucorrhea: Caused by inflammation or congestion of the vaginal mucosa. In 

cases where it is yellowish or gives off an odor, a doctor should be consulted since it could be a 

sign of several disease processes, including an organic bacterial infection (aerobic vaginitis) 

or STD. After delivery, Leucorrhea accompanied by backache and foul-smelling lochia (post-

partum vaginal discharge, containing blood, mucus & placental tissue may suggest the failure 

of involution (the uterus returning to pre-pregnancy size) due to infection. A number of 

investigations such as wet smear, Gram stain, culture, pap smear and biopsy are suggested to 

diagnose the condition. 

Study Area: 

Rahuri tehsil is situated in the Ahilyanagar district, Maharashtra state, India. Rahuri Taluka of 

Ahilyanagar district has a total population of 322,823 as per the Census 2011. Out of which 166,952 

are males while 155,871 are females. In 2011, there were a total 64,707 families residing in Rahuri 

Taluka. The Average Sex Ratio of Rahuri Taluka is 934. As per Population Census 2011 data, Schedule 

Caste (SC) constitutes 13.5% while Schedule Tribe (ST) where 10.5% of total population in Rahuri 

Taluka of Maharashtra (Table 1). 

(Table 1): Social Category wise sex ratio According to Census 2011. 

Social Category Total Male Female 

Schedule Caste 43619 22320 21299 

Schedule Tribe 34036 17177 16859 

 

MATERIALS AND METHODS 

Medicinal Plant Survey and Data Collection: Ethno – botanical exploration trips were carried out in 

primitive tribal people dominated villages during 2023 – 2025.The area under study was thoroughly 

covered and people were interrogated for information. After selecting the people, knowledge about 

their interests and skills in identification and utilization were obtained through informal interviews and 

discussion was made with the informants in their local language. A total of 30 informants (Mahadeo 

Koli 5, Ramoshi 3 and Dhangar 7) between the age group 25 to 80 years were interviewed with 

questionaries. Out of 30 informants, 25 are male and 05 are female. At the end of the each interview, 
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specimens of plants mentioned for medicinal uses were collected and identified. Identification of 

species was made with the help of Floras (   Flora of Maharashtra, Flora of Bombay Presidency, Flora of 

Ahmednagar district). The species and family names are mentioned according to APG III, systems of 

classification. The list of medicinal plants were depicted in a tabular form along with their botanical 

names followed by family, their local names in Marathi if any and the parts used for medicinal purpose. 

Table 2: Ethno – botanical Medicinal Plants Used for Leucorrhoea 

Sr. 
No. 

Botanical Name, 
Family, Common 
Name 

Habit& 
Plant Parts 
used 

Disease & mode of 
usage 

Pharmacogonosy 

1 Saraca asoca (Roxb.) D. 
Willd. Fabaceae, 
Ashoka 

Bark Bark powder consumed 
with honey, two times a 
day. 

Anti-diabetic, anti-
inflammatory, and 
antimicrobial Uterine 
tonic.  

2 Azadirechta indica A. 
Juss., Meliaceae, Neem 

Leaves & 
Bark 

Decoction of leaves or 
bark used for washing 
genital area. 

Antifungal, 
antibacterial and 
detoxifying effects 

3 Asparagus recemosus 
Willd., Asparagaceae, 
Shatavari 

Roots Prepare decoction of 
fresh root powder, 
administered twice a day. 

Astringent, anti-
septic, Tonic, Balance 
female hormones 

4 Curcuma longa L., 
Zingiberaceae, Halad 

Rhizome Rhizome powder mixed 
with water and 
administered internally.  

Antimicrobial, anti-
inflammatory and 
healing effect 

5 Trigonella foenum-
graecum L., Fabaceae, 
Methi (Fenugreek) 

Seeds Boil 1 teaspoon seeds in 
a 1 glass of water for 5 -7 
minutes, strain and drink 
warm once day. 

Anti-oxidant, anti-
inflammatory, 
Digestive and 
Reproductive 

6 Punica granatum L., 
Lytharaceae, Dalimb 
(pomegranate).  

Peel Dry the outer peel of 
pomegranate fruit and 
make a fine powder. Mix 
1tablesppon powder in 1 
glass warm water and 
drink once daily. 

Antioxidant, anti-
inflammatory, anti-
microbial anti-
diabetic, 
cardioprotective and 
anti-cancer 

7 Abelmoschus 
esculentus (L.) 
Moench., Malvaceae, 
Bhendi (Lady’s finger) 

Fruit Cut 4-5 pieces of lady 
finger, boil in 2 cups of 
water until it becomes 
half, drink once daily. 

Antidiabetic, 
antioxidant, 
anticancer, 
cardioprotective, anti-
inflammatory 

8 Musa paradisiaca L., 
Musaceaea, keli 
(Banana) 

Fruit Eat 1 ripe banana with 1 
teaspoon amla powder 
daily. 

Anti-diabetic, anti-
oxidant, anti-ulcer, 
anti-microbial and 
anti-diarrhoeal 
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9 Ocimum tenuiflorum L., 
Lamiaceae, Tulsi 

Leaves Take 1 teaspoon tulsi 
juice or paste, mix with 1 
teaspoon honey. Take 
twice a day. 

Analgesic, anti-
asthamatic, anti-
bacterial, anti-cancer, 
anti-helminthic 

10 Oryza saiva L., 
Poaceae, Tandul (Rice) 

Seeds Cook rice in excess water, 
stain and drink the 
leftover rice water once 
daily. 

Gastrointestinal, 
dermatological, 
cardiovascular, anti-
inflammatory, anti-
oxidant 

11 Piper betel L., 
Piperaceae, Nagin pan 
(Betel) 

Leaves Chew 1 fresh betel leaf 
daily or make a mild wash 
by boiling betel leaves in 
water abd using 
externally when warm. 

Gastroprotective, 
anti-microbial, anti-
fungal, aphrodisiac, 
anti-platelet 

12 Ficus carica L., 
Moraceae, Anjeer 

Fruit Soak 2-3 anjeer in water 
overnight, eat them in the 
morning. 

Anti-carcinogenic, 
anti-oxidant, anti-
fungal, Hypo-
cholesterolemic, anti-
anxiety, digestive 

RESULTS AND DISCUSSION 

The present paper gives detailed information on 12 plant species, from different 11 families were made 

which are used traditionally against Leucorrhea disorders. The present survey shows that the practice 

of ethno-botany is still a matter of cultural heritage of the area. People are making maximum use of the 

plant species for meeting their day to day household remedies. Traditional healers use their five senses 

to diagnose the diseases, which are remarkable because they live in remote areas and lack of the 

modern scientific equipment for diagnosis and treatment; however, they treat diseases using medicinal 

plants. Traditional knowledge of medicinal plants offers valuable insights into managing Leucorrhoea 

naturally. Many plants used for generations show scientific backing through phytochemical studies. 

However, standardization, dosage determination, and clinical trials are essential to ensure safety and 

efficacy. Preserving indigenous knowledge systems is crucial, particularly in rural communities where 

plant-based medicine remains the first line of treatment. The medicinal plants covered in the present 

study warrant extensive research work to exploit their full potential in the future.  

Causes and Risk Factors for Leucorrhea:There are some causes and risk factors enlisted below which 

are important in this study. Out of them poor personal health & hygiene, Prolonged use of strong 

antibiotics, stress and nutritional deficiencies, poor knowledge of cleanliness, clothing & wearing 

patterns etc. These will finally leads to Hormonal imbalance, Vaginal or cervical infections, Pelvic 

inflammatory disease & Sexually transmitted diseases (STD) 
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                   Ficus carica Linn. 

 

                       Punica granatum               

 

Piper betle 

 

Ocimum tenuiflorum L. Tulsi 

 

Saraca asoca (Roxb.) Ashoka Azadirechta indica Meliaceae, Neem 
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Phytochemical Properties and Mechanisms of Action: Medicinal plants with their therapeutic 

potential to diverse phytochemicals are flavonoids, tannins, alkaloids, Saponins and glycosides etc. 

Flavonoids Provide antioxidant and anti-inflammatory benefits. Tannins offer astringent action and 

reduces excessive discharge. Alkaloids Exhibit antimicrobial activity which prevents smelling and 

microbial infections. Saponins – Helps to regulate hormones and improve uterine health. While, 

Glycosides Support immune function and tissue healing. These compounds work through multiple 

mechanisms such as inhibiting pathogen growth, reducing inflammation, restoring vaginal pH balance, 

and strengthening reproductive tissues. Leucorrhoea, though common, can significantly affect 

women’s quality of life. Traditional medicinal plants provide effective and culturally accepted solutions 

for managing this condition. Integrating traditional knowledge with modern scientific research can 

enhance women’s healthcare while preserving valuable ethno-medical heritage. This study reveals the 

traditional uses of some medicinal plants for prohibition of abnormal Leucorrhea among the women. 

Traditional medicine emphasizes holistic care using readily available herbs, focusing on root causes, 

nutritional balance, and long-term wellbeing while Modern medicine uses antifungals, antibiotics, 

hormonal treatments, and probiotics for rapid relief. While modern treatments are effective for acute 

infections, traditional remedies offer long-term prevention with minimal side effects. Integrating both 

systems can provide comprehensive healthcare. 

Hygienic Tips & Suggestions:  

1. Wear cotton underwear only. 

2. Keep area clean and dry. 
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3. Avoid tight jeans. 

4. Change underwear twice a day if discharge is heavy. 

5. Do not use harsh soaps, Dettol or perfumed washes. 
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ABSTRACT  

Alternaria leaf spot caused by Alternaria brassicicola (Schwein) Wiltshire is one of the most destructive 

disease of the cauliflower (Brassica oleracea var. botrytis), causing high losses. The present 

investigations were taken for management of Alternaria leaf spot of cauliflower with CuNP. Result 

revealed that all the treatments significantly reduced the leaf spot disease incidence over control. 

Experiment was taken for the evaluation of efficacy of CuNP against A. brassicicola in in vitro. CuNP 

@0.5% and 1% were evaluated in In vitro conditions against A. brassicicola using poisoned food 

technique. CuNP exhibited maximum inhibition in mycelial growth. Nanoparticles can play a major role 

in coming days for the management of plant diseases at large scale and protect the farmers from 

indebtedness by decreasing the cost of production. 

KEYWORDS  

Alternaria, CuNP, Cauliflower, disease  

INTRODUCTION  

Cauliflower or Brassica oleracea, is a member of the Brassicaceae family. It is a winter vegetable that 

is grown all over the world. [1]. Its floral shape is reflected in the name, which is derived from the Latin 

words caulis (cabbage) and floris (flower). Through natural mutation and selection, it developed from 

wild cabbage. [2].  Cauliflower is cultivated in many countries like China, India, Italy, Mexico, France, 

Poland, U.S.A, Pakistan, Germany, Egypt etc.  India is the world’s second-largest producer of 

cauliflower after China. During 2021-22, national production reached 89.41 lakh metric tonnes [3]. In 

Chhattisgarh, the crop cultivated over 24,250 hectares, with a production of 483,565 metric tonnes and 

an average productivity of 19.94 t/ha [4]. Protein, vitamins B1, B2, B5, B6, and C, omega-3 fatty acids, 

folate, phosphorus, manganese, and dietary fiber are all abundant in cauliflower. Cauliflower has been 
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found to contain a number of phytochemicals, including isothiocyanates, glucosinolates, and indoles, 

which detoxify carcinogens and inhibit the enzymes that cause tumors and malignancies. [5].  

Cauliflower [Brassica oleracea (L.) var. botrytis], Alternaria brassicicola (Schwein) Wiltshire is the 

dominant pathogen. All growth phases are impacted by the leaf spot disease, which goes by several 

names throughout the world, including curd blight, brown rot, and black spot. There have been reports 

of this disease in several nations, including India. [6]. It has reported 20-80 per cent loss in yield and 59 

per cent loss in seed production. zlobally, the loss due to this disease is 30-47percent. In India, about 

30 percent losses in terms of seed and yield was reported [7]. 

Nanoparticle research has attracted more attention because of their special qualities—such as 

electrical conductivity, toughness, and ductility; enhanced hardness and strength of metals and alloys; 

and luminous efficiency of semiconductor. [8]. Metal oxides such as Copper Oxides (CuO) have 

attracted attention mostly because of antimicrobial [9, 10] and biocide properties which can be used 

in many biomedical applications. Apart from the earlier mentioned applications Copper-based 

nanoparticles also showed advantageous usage in cancer detection [11], as nanofluids in heat transfer 

systems [12], and as catalyst [13], photocatalysts [14].  In general, copper-based nanoparticles are less 

costly than other extensively researched nanoparticles like gold and silver. Plant extract-based 

nanoparticle synthesis has many benefits, including readily available resources, a safer alternative, an 

eco-friendly approach, a straightforward technology, and low cost. [15].  

 Due to the limitation in use of fungicides as it causes the environmental pollution and health hazards, 

use of nanoparticles may be safer and least expensive. The present investigations were carried out to 

generate information on potentiality of some promising nanoparticles under in vitro as well as in vivo 

conditions against Alternaria leaf spot of cauliflower and its causal agent. 

MATERIALS AND METHODS 

Collection of the diseased samples. 

Leaves of cauliflower with dark brown spots having characteristic concentric circumferences, often 

with a yellowish chlorotic halo were collected from farmer’s field of nearby Loni and brought to the 

laboratory for isolation and further studies. 

Isolation 

For isolation of pathogen, small pieces of the leaves were cut from the diseased portion and surface 

sterilized with 1% sodium hypochlorite solution for one minute followed by three consecutive washings 
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with sterilized distilled water. The surface sterilized pieces were transferred to Petri plates containing 

Potato Dextrose Agar (PDA) and incubated at 25+1°C in BOD incubator.  

Preparation of Plant Extracts 

The extract was used to produce Copper oxide nanoparticles. 20g fine grounded powders of 

Coriandrum Sativum was weighed, separately added to 200 ml of double distilled water, and heated at 

around 80°C for 30 minutes in a water bath. The mixture was filtered separately. The filtrate was stored 

for further use in a refrigerator (in a cold condition). 

Synthesis of Copper Oxide Nanoparticles using Coriandrum Sativum Extract 

In 200 ml of Coriandrum Sativum extract were taken separately. 50 ml of 1M Copper Sulphate 

(CuSO₄.5H₂O) solution was added drop wise to extract while stirring on the magnetic stirrer. During the 

addition of the Copper Sulphate solution, the gradual change in the color of the solution was observed 

from brown to dark green visually indicating the formation of nanoparticles. The solutions were stirred 

for about 1 hour for completion of the reduction reaction and were kept aside for 24 hours. These 

solutions were then centrifuged at 4000 rpm with washings of double distilled water. The solid 

precipitate obtained was collected and oven dried for 2 hours at 50°C to 60°C. The dried powder was 

obtained from extracts and used for further analysis.  

In Vitro Antifungal Activity Assay 

The antifungal activity of Cu-NPs against Alternaria brassicicola was evaluated using the poisoned food 

method [16]. Briefly, PDA was mixed with different amounts of Cu-NPs to obtain the following final 

concentrations 0.5% and 1% and non-amended media were used as control. Spore suspensions (1 × 

106 CFU/mL) were inoculated at the center of each PDA plate and incubated in darkness at 28 °C for six 

days. All treatments were carried out in triplicate. Colony diameters were measured three and six days 

after inoculation (dai). The percentage of growth inhibition was calculated by measuring the average 

area of the fungal colonies in the treatments and compared to the negative control. 

RESULTS AND DISCUSSION 

Isolation and identification-  

On potato dextrose agar medium, the pathogen was successfully isolated from diseased tissue. The 

inoculation plates were incubated in the BOD incubator for 5 to 7 days at a temperature of 25 to 20°C. 

After seven days of incubation, the fungus generated greenish-gray to black-colored, fluffy, lanose to 

loose cottony growth on potato dextrose agar medium. The pure culture of Alternaria brassicicola 
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obtained by single spore isolation method was used for pathogenicity test. The test was carried out by 

spore suspension spray inoculation on the foliage of 35 days old. The symptoms appeared on 

inoculated leaves as brown, circular or oval necrotic spots with concentric rings and surrounded by 

yellow after twenty days after inoculation. The fungus was re-isolated and purified and compared for 

similarity to that of original culture. 

 Nanoparticle synthesis by UV- Visible Spectroscopy Analysis [17] 

Nanoparticles in the reaction mixture were excited by light absorption at different wavelengths due to 

surface plasmon resonance (SPR) to give respective peaks in the wavelength range from 200 nm to 600 

nm to determine the absorption. The synthesized nanoparticles from Coriandrum Sativum plant 

extracts showed broads peaks at 327 nm, which corresponds to Copper Oxide. Thus, it was confirmed 

that the Copper Oxide nanoparticles were formed using Coriandrum Sativum plant extracts. 

 Antifungal Acivity- 

The radial growth of the fungal mycelium was recorded at 7 days after inoculation. Zone of growth of 

fungus of control plate is 4.2 cm whereas zone of growth of CuNp at 0.5% and 1% is 1.9 and 1.2 cm 

respectively. 

CONCLUSION 

The presented work proves that using Cu-NPs could be considered as a highly efficient alternative with 

better antifungal properties. The study revealed that the disease can easily be identified by its 

characteristic’s symptoms, and observing the asexual reproductive structures of the causal pathogen 

in aqueous medium that will help the farmers for selecting effective treatment against the disease 

easily. This method has merits over other reported methods are easily available starting materials, 

inexpensive process, easy to carry out in any college level laboratory, reaction condition are simple, 

avoid use of expensive, hazardous and toxic reagent and pollution free. 
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ABSTRACT  

Natural polymers have gained significant attention in pharmaceutical research due to their 

biocompatibility, biodegradability, low cost, and ability to control drug release. These materials, derived 

from plant, microbial, and animal sources, serve as retardant and controlled-release agents in oral 

dosage forms. Polymers such as carrageenan, pectin, and glucomannan exhibit excellent swelling, gel-

forming, and diffusion-controlling properties that enable sustained drug delivery. Carrageenan, a 

sulfated polysaccharide from Chondrus crispus, exists in κ, ι, and λ forms, each differing in sulfate 

content and gelling capacity. It has been used in various matrix systems to modulate drug release up to 

24 hours. Similarly, pectin, composed of α-(1,4)-linked D-galacturonate units, forms gels depending on 

its degree of methylation and pH, influencing solubility and drug release kinetics. Sustained release 

tablets aim to maintain steady plasma drug levels, reduce dosing frequency, minimize side effects, and 

improve patient compliance through mechanisms such as diffusion, erosion, and swelling. Natural 

polymers like cellulose, agar, and xanthan gum are widely used as binders, gelling agents, and 

stabilizers in these formulations. Their renewable nature and ease of modification make them ideal for 

designing advanced drug delivery systems. Future developments in polymeric drug delivery focus on 

responsive and biomimetic systems that allow targeted, controlled, and efficient release, particularly 

in cancer therapy. The integration of natural and synthetic polymers offers promising prospects for 

developing innovative, site-specific, and patient-friendly pharmaceutical formulations that enhance 

therapeutic efficacy while minimizing adverse effects. 

KEYWORDS  

Polymers, delivery, Release, Specific, Effect, Tablet  

INTRODUCTION  

Polymers have been used in pharmaceutical applications, particularly as retardant release for oral 

controlled release formulations, because of their many benefits, including being inert, biocompatible, 

inexpensive, readily available in nature, convenient, and easy to manufacture. Depending on the 
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polymers, they can also provide a desired drug release profile. Natural polymers and other hydrophilic 

polymers show promise as retardants and controlled release agents because they prolong drug release 

and trap the drug in a matrix to control its release by controlling swelling and diffusion through the 

polymer. This makes them especially well-suited for controlled release platforms. Controlled release 

formulations based on natural and hydrophilic polymer matrix have been thoroughly researched lately. 

The properties of natural polymers are crucial in determining the process in a number of situations. and 

the drug to polymer ratio, solubility, viscosity, and swelling capacity all affect the kinetics of drug 

release. Chondrus crispus (Rhodophiceace) is the source of carrageenan, a high molecular weight 

sulphated polysaccharide. Based on differences in the degree of sulfation, the carrageenan is 

separated into three groups: kappa (κ), iota (�), and lambda (λ) with di, mono, and three sulfate, 

respectively. Ester sulfate is the basis for carrageenan's properties; a high ester sulfate content results 

in reduced solubility and gelation strength.  

The ionic strength of carrageenans determines their gelling capabilities; κ-carrageenan produces 

stronger gel presences of K+, γ-carrageenan produces stronger gel presences of Ca2+, and λ-

carrageenan has no gelling feature. High ratios of either ¾ or κ carrageenan blended with λ-carrageenan 

have been investigated, given that zero order release and burst release happened in blend γ/κ-

Tolterodine is used as a drug model for carrageenan, a medication that is somewhat soluble in water. A 

blend of carrageenan and hydroxyl-propyl methylcellulose has been used in gastro-retentive drug 

delivery systems to improve their floating capability and delay the drug for up to five hours. A 

combination of carrageenan and polyvinyl alcohol has been studied to reduce the burst release in 

carrageenan hydrogel 15. Other modifications using polyacrylamide and carboxymethyl of carrageenan 

have been prepared to improve the ability for drug delivery. Using doxazosin melysate as a drug model, 

carrageenan (§, κ, and λ) extended the drug release up to 24 hours; κ-carrageenan demonstrated a burst 

release effect.  

Pectin is a polysaccharide and oligosaccharide made up of α-(1,4)-linked D-galacturonate units with a 

methyl ester group on the C-6.Pectin's degree of methylation affects its solubility and capacity to form 

networks. and the features and mechanism of gelation. Low methoxy pectin is more hydrophilic and 

soluble than high methoxy pectin in pH 7.4 buffer, while high methoxy pectin is poorly soluble and forms 

gel at pH around 3. The degree of esterification and molecular size of the pectin determine its gelling 

property. According to reports, pectin forms gel at pH 1-3, and its gelation properties decrease as pH 
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rises. When natural polymers come into contact with a medium, they instantly hydrate, expand, and 

form a viscous gelatinous surface barrier that controls drug release and permits medium penetration 

into the matrix system's core. Drug and polymer solubility, polymer hydration/erosion rate, and other 

factors determine the drug release kinetics and mechanism from these matrices.particle size and 

shape, drug-to-polymer ratio, and the capacity for swelling and gelling. Different drug release patterns, 

kinetics, and mechanisms result from variations in drug release kinetics. Therefore, it is necessary to 

clarify and study the drug release properties, kinetics, and mechanism from natural polymers like 

carrageenan, pectin, and glucomannan as a single system using difference dispersion drug to polymer 

ratio. To the best of our knowledge, no assessment of drug release kinetics, models, and properties 

utilizing natural polymers like carrageenan, pectin, and glucomannan has been carried out thus far. 

Therefore, the purpose of this study was to examine and assess the drug release properties, models, 

and kinetics of sustained release tablet formulations based on natural polymers, such as carrageenan, 

pectin, and glucomannan [1,2] 

SUSTAINED RELEASE TABLET 

Extended release By preserving a steady-state concentration of the medication in the systemic 

circulation, dosage forms are especially made to extend the duration of therapeutic activity, decrease 

the frequency of administration, lessen adverse effects, and ultimately increase patient compliance. In 

order to ensure therapeutic efficacy with less variations in plasma drug concentration, these dosage 

forms seek to administer the medication at a regulated pace over a longer period of time.Diffusion, 

erosion, osmotic pressure, and swelling-controlled release are the mechanisms involved in sustained 

release; each one contributes in a unique way to regulate the drug's release from the dosage form. 

Because of its ease of use, versatility in dosage form formulation, and improved patient acceptability, 

the oral route of medication administration is the most popular. However, it is crucial.should take into 

account elements that can affect the behavior of the medication and the effectiveness of the dosage 

form throughout its transit, such as the enzyme system, gastrointestinal motility, and the fluctuating pH 

levels throughout the gastrointestinal tract. To provide a steady and gradual release of the medication 

into the gastrointestinal environment, the majority of oral sustained release devices rely on dissolution, 

diffusion, or a combination of these processes.  A zero-order release mechanism, in which the drug is 

supplied at a constant rate and produces a stable blood concentration–time profile akin to that of 

continuous intravenous infusion, is the ideal sustained release delivery method, both theoretically and 
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desirably.  By reducing the possibility of dose-related adverse effects and increasing overall treat 

efficacy, such a system offers the best possible therapeutic benefits[3]. 

CONTROLLED RELEASE         

A variety of prolonged action formulations that offer continuous release of their active components at 

a predetermined rate and for a predetermined amount of time are included in controlled release dosage 

forms. Although these devices have lately been created for parenteral administration, ocular insertion, 

and transdermal application, the bulk of these formulations are intended for oral delivery. The primary 

goal of this system's creation is to provide a longer duration of effect, which will increase patient 

compliance [4]. 

ADVANTAGES OF SUSTAINED RELEASE TABLETS 

1) Increased Effectiveness of Treatment Prolonged Drug Release: Sustained-release tablets improve 

the pharmacological response by keeping therapeutic drug levels in the bloodstream for a longer 

amount of time.  

2) Enhanced Patient Compliance Decreased Dosing Frequency: Patients take these tablets once a day 

or less, which improves adherence to the treatment plan, particularly for long-term diseases. 

3) Mitigate the toxicity by decelerating the absorption of the drug. 

4) It keeps a therapeutic concentration for an extended duration.  

5) Less frequent intakes. 

4) Mitigate adverse effects. 

6) Consistent drug release throughout the duration [5,6]. 

DISADVANTAGES OF SUSTAINED RELEASE TABLETS     

1) Very costly             

2) Bioavailability is often inadequate 

3) Requirement for additional patient counseling and education. 

4) Überdosierung bei der Applikation        

5) Häufig mangelhafte Korrelation zwischen in vivo und in vitro.  Mitigate the toxicity by decelerating the 

absorption of the drug. 

6) It keeps a therapeutic concentration for an extended duration.  

7) Less frequent intakes. 

8) Mitigate adverse effects. 
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9) Consistent drug release throughout the duration [7,8]. 

POLYMERS 

 Es gibt deep historical ties between the domain of polymer science and nature. It is worth mentioning 

that polymers are, in fact, essential for all living organisms. As an illustration, cellulose, recognized as 

the most prevalent organic substance on Earth, serves as a primary structural component for plants. 

Foods such as potatoes and cereal grains contain a high amount of starch. Various bacteria, including 

Cupriavidus necator and Alcaligenes latus, naturally produce polyhydroxyalkanoates (PHAs). Natural 

rubber is obtained from Hevea brasiliensis trees. Chitin makes up the exoskeletons of insects and 

shellfish. The mulberry silkworms produce silk. Proteins, crucial for all life forms including humans, are 

involved in essentiallyall processes in every living cell, as well as nucleic acids that hold the genetic 

information for all Earth’s life forms, are located in the cell nuclei. Studying the structures, properties, 

and biological functions of natural polymers is of significant scientific interest, as it can help reveal 

nature's secrets and discover new applications, including in the biomedical and pharmaceutical 

fields.From the outset of polymer research, attention has been directed toward designing, synthesizing, 

and utilizing new polymers, as well as natural polymers, for nature [9]. 

 NATURAL POLYMERS 

 Proteins, which are composed of various amino acids and exhibit monodispersity, can have different 

physical and biochemical properties due to the attachment of various moieties to their amino acid side 

chains. Proteins can have limitations, including immunogenicity and variations from one batch to 

another due to the purification process. Moreover, protein materials are typically obtained from 

animals, which adds complexity to their translation into a clinical context. Research has been 

conducted on proteins like collagen, elastin, silk fibroin, and gelatin to evaluate their potential as 

scaffolds for tissue applications. Protein-based materials like these are beneficial for sutures, drug 

delivery vehicles, and more. Materials based on proteins, as well as biomaterials overall, must offer 

adjustable degradability to regulate the sequestration and delivery of particular bioactives. elements 

that enhance and direct healing and regeneration for an extended duration. Below, we will discuss 

collagen, gelatin, and silk fibroin along with the incorporation of bioactive glasses [10]. 

SOURCE OF NATURAL POLYMERS 

Due to its physicochemical properties, natural polymer has undoubtedly garnered interest in the drug 

delivery system. The polymers sourced from plants (such as pectin, guar gum, and mannan), microbes 
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(like dextran and xanthan gum), and animals (including chitosan or chondroitin) are found abundantly 

in the atmosphere and can be easily reproduced using recombinant DNA technology. The polymers of 

monosaccharides possess numerous advantageous characteristics, including high stability, non-

toxicity, hydrophilicity, biodegradability, gel-forming capability, and ease of chemical modification. The 

structural compositions of plant polysaccharides vary widely, linked not only to different plant species 

but also to the specific parts of plants from which they are derived, including leaves, seeds, roots, and 

tubers. Two specific structural characteristics can elucidate the complexity and diversity of 

polysaccharides: First, monosaccharides can be linked in α or β configuration; second, because of the 

branched side chains. Amino acid-based natural polymers are relatively uniform in size, with no 

variation present. Polymers of this kind are described as homogeneous or monodisperse. Generally, 

the natural polymers are produced through condensation polymerization techniques. Natural polymers 

are usually easily biodegradable and do not have adverse effects on the environment or humans. 

According to the sources, natural polymers are classified into three main categories, as shown in table 

[11]. 

TABLE 

Natural 
Polymer 

Source Key Properties Mechanism of 
Release Control 

Guar Gum Cyamopsis tetragonolobus Hydrophilic, forms viscous 
gels 

Swelling and diffusion 
control 

Xanthan 
Gum 

Xanthomonas campestris 
(bacterial origin) 

High viscosity, stable at 
various pH 

Matrix formation and 
diffusion 

Okra Gum Abelmoschus esculentus Good binding and swelling 
properties 

Swelling and gel barrier 
formation 

Pectin Citrus peels, apple pomace Gel-forming in acidic pH Ion-exchange and 
diffusion 

Sodium 
Alginate 

Brown algae Forms hydrogels with Ca²⁺ 
ions 

Diffusion and erosion 
control 

Chitosan Chitin (crustacean shells) Mucoadhesive, 
biocompatible 

pH-dependent release 
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CLASSIFICATION OF POLYMERS 

 

Fig 2: classification of polysaccride 

CLASS 1: POLYSACCHARIDE  

POLYSACCHARIDES FROM PLANT ORIGIN        

a) CELLULOSE 

Composition:  It is an organic polysaccharide made up of a linear sequence of several hundred to more 

than ten thousand D-glucose units linked by β (1→4) bonds, with the formula (C6H10O5)n. The primary 

components of the plant cell wall are cellulose, hemicelluloses, and pectin. 

Appications:  In the pharmaceutical sector, microcrystalline cellulose serves primarily as a diluent and 

binder in tablets, applicable to both granulation and direct compression methods.  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

36  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

 

Fig 3: Cellulose 

b) AGAR  

Composition: Agar setzt sich aus einer Kombination von Agarose und Agaropektin zusammen. Agarose, 

a linear polymer, consists of repeating units of the monomer agarobiose. Agarobiose, on the other hand, 

is a disaccharide composed of D-galactose and 3,6-anhydro-L-galactopyranose. Agaropectin consists 

of a variety of smaller acidic molecules 

Application: Agar serves various roles, including as a suspending agent, emulsifying agent, and gelling 

agent in products such as suppositories, surgical lubricants, tablet disintegrants, bacterial culture 

media, and laxatives. Additionally, it serves in the making of jellies and sweets, as well as in tissue 

culture research and microbiological studies. 

 

Fig 4: Agar 

C) STARCH  

Composition:Starch, also known as amylum, is a carbohydrate made up of numerous glucose units 

linked together through glycosidic bonds. It is composed of two polymers: amylose, which is a non-

branching helical polymer made up of α-1,4 linked D-glucose monomers, and amylopectin, a highly 

branched polymer containing both α-1,4 and α-1,6 linked D-glucose monomers. 
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Applications: Thermoplastic starch serves various purposes, including in packaging, containers, mulch 

films, textile sizing agents, and adhesives. 

 

Fig 5: starch 

D) GUAR GUM 

Composition: Guar gum is a natural polysaccharide made up of the sugars galactose and mannose 

from a chemical perspective. It is a galactomannan, a linear polysaccharide made up of β-D-mannose 

monomers linked by (1→4)-diequatorial connections, with some connected to single α-D-galactose 

sidechains. The backbone of guar gum consists of β-1,4-linked D-mannopyranoses, with an α-D-

galactose linked 1→6 to every alternate mannose on average. 

Application: Various modified forms of guar gum are utilized in drug delivery systems.The formulation 

of the transdermal therapeutic system utilizes carboxymethyl guar film. Guar gum is especially effective 

for colon delivery as it can be broken down by certain enzymes found in this area of the gastrointestinal 

tract [12]. 

 

Fig 6: gaur gum 
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II. POLYSACCHARIDES FRON ANIMAL ORIGIN 

a) Xanthan gum                        

Composition: Xanthan consists of long-chain polysaccharides that have numerous trisaccharide side 

chains. The side chains consist of two mannose units and one glucuronic acid unit.   

Application: Xanthan gum serves as a suspending and stabilizing agent in a variety of products, 

including oral and topical pharmaceuticals, cosmetics, and food items. Additionally, it serves as a 

thickening and emulsifying agent. Xanthan gum has been utilized in the formulation of sustained-

release matrix tablets. An ophthalmic liquid dosage form has been developed that includes xanthan 

gum. This ingredient interacts with mucin, aiding in the dosage form's extended retention in the 

precorneal area. Recent studies have shown that xanthan gum can serve as an excipient in spray-drying 

and freeze-drying processes, leading to improved results. 

 

Fig 7: xanthan gum 

b) ALGINATE       

Composition: These polymers consist of two different monomers in varying proportions, namely D-

mannuronic acid and L-glucuronic acid, linked by 1,4-glucosidic bonds. They can exist as blocks of only 

D-mannuronic acid and L-glucuronic acids in homopolymers or as alternating sequences of the two in 

heteropolymeric blocks.  

Application:  A variety of oral and topical pharmaceutical formulations utilize sodium alginate. Sodium 

alginate serves as a binder and disintegrant in tablet formulations, while in capsule formulations, it has 

been utilized as a diluent. Sodium alginate has also been employed in creating sustained-release oral 
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formulations. In topical preparations, sodium alginate serves as a common thickening and suspending 

agent in various types of pastes [13]. 

 

Fig 7: alginate 

CLASS 2: PROTIEN 

a) Wheat gluten 

Composition: Wheat gluten is composed of two primary types of proteins: gliadin and glutenin. Gliadins 

are protein molecules characterized by low molecular weight, a low proportion of amino acids with 

charged side groups, and the presence of disulfide bonds. Glutenins are more complex proteins, 

possessing a three-dimensional structure. Their molecular weight is at least tenfold greater than that 

of gliadins. 

Application: Wheat gluten has shown to be a superb film forming agent. 

 

Fig 9: wheat gluten 
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B) soy protein           

Composition: The most purified type of soy protein is soy protein isolate, which consists of around 90% 

protein. Essentially, soy protein concentrate is soybean that lacks the water-soluble carbohydrates. It 

consists of roughly 70 percent protein. 

Application:  Since 1959, it has been utilized in various food products due to its functional properties, 

such as emulsification and texturizing. The popularity of soy protein has been rising recently, primarily 

due to its health benefits. It has been demonstrated that soy protein can aid in the prevention of heart 

issues. 

 

Fig 10: soy protein 

ii. PROTEIN FROM ANIMAL ORIGIN.              

a) collagen 

Composing: There are 27 types of collagen, each made up of different polypeptides that primarily 

consist of glycine, proline, hydroxyproline, and lysine. Only the glycine content determines how flexible 

the collagen chain                     

 Applications:  In ophthalmology, collagen films serve as drug delivery systems that facilitate the slow 

release of their embedded medications. It was also utilized in tissue engineering for skin replacement, 

bone substitutes, and artificial blood vessels and valves. 
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Fig 11: collagen 

C) Gelatine  

Composition: Collagen can be denatured and/or undergo physical–chemical degradation to produce a 

high molecular weight polypeptide known as gelatin40. Gelatin, which is also a protein, is made up of 

19 amino acids41. It can dissolve in water. Weitere tierische Proteine sind Elastin, Albumin und Fibrin.  

Applications: Emulsifiers, foaming agents, colloid stabilizers, biodegradable film-forming materials, 

and microencapsulating agents are among these widely used[14]. 

 

Fig 12: gelatine  
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FORMULATION OF SUSTAINED RELEASE TABLETS      

Direct Compression: This method, which is both uncomplicated and inexpensive, can be used to 

create sustained-release matrix tablets. The active pharmaceutical ingredient (API) is combined with 

excipients, mainly polymers that create the matrix, during this process. A tablet press is then used to 

compress the mixture directly into tablets. This approach is appropriate for drugs that have good flow 

and compressibility characteristics. Agents that are typically utilized for forming matrices include 

polymers like hydroxypropyl methylcellulose (HPMC), ethyl cellulose, and polyvinyl alcohol. 

Wet Granulation: This process entails mixing the drug and excipients with a liquid binder to create 

granules, which are subsequently dried and compressed into tablets. This approach improves the 

flowability and compressibility of the drug-polymer mixture, which helps to achieve a consistent drug 

content in the matrix tablets. A binder, like povidone, starch paste, or hydroxypropyl cellulose, is 

essential for binding the particles together. Depending on the desired release profile, the polymers 

utilized in wet granulation may consist of hydrophilic or hydrophobic materials. Although tablets 

produced via wet granulation exhibit enhanced mechanical strength, this method necessitates extra 

steps and equipment, rendering it more time-consuming and costly than direct compression 

Melt Granulation: This is a solvent-free method where a polymeric binder is heated until it melts and 

then combined with the drug and excipients to create granules. As a granulating agent, the molten 

binder removes the necessity for water or organic solvents. Commonly used are hydrophobic polymers 

like glyceryl monostearate, carnauba wax, or polyethylene glycol (PEG). Afterward, the granules are 

cooled down, sieved, and formed into tablets through compression. Melt granulation is especially 

advantageous for creating sustained release formulations that utilize hydrophobic matrix systems. 

Moreover, it circumvents problems concerning the extraction of solvent, which renders it a method that 

is comparatively gentle on the environment. Nevertheless, the application of heat can restrict its use 

for drugs that are sensitive to heat. 

 Coating Technique: Coating techniques are used to manage the release of medication by putting a 

polymer layer on top of an immediate-release core tablet. Depending on the desired release profile, the 

coating material can be hydrophilic, hydrophobic, or pH-sensitive. Methods like fluidized bed coating, 

dip coating, or pan coating are frequently employed. It is common to use polymers such as ethyl 

cellulose, Eudragit, or HPMC. Coated matrix tablets are particularly effective for attaining delayed or 

pulsatile drug release. Nonetheless, specialized equipment and precise control of parameters are 
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necessary for the coating process to ensure uniformity and reproducibility, which can lead to higher 

manufacturing costs. 

Ion Exchange Resins: This method involves creating a drug-resin complex by binding the drug to ion-

exchange resins. While the drug passes through the gastrointestinal tract, it is released in response to 

alterations in the ionic environment, including changes to pH or electrolyte concentration. The resins 

function as a matrix system, guaranteeing a sustained release of the drug. This method is especially 

beneficial for medications that are prone to enzymatic degradation or have narrow absorption windows. 

Although ion-exchange systems provide exact release control, they necessitate comprehensive 

formulation optimization to guarantee stability and reproducibility [15,16]. 

EVALUATION OF SUSTAIN RELEASE TABLET   

1.  FT-IR Spectroscopy   

2. Tablet Thickness   

3. Tablet Hardness  

 4. Friability 

1. FTIR spectroscopy 

The Fourier transform infra-red spectroscopy of the drug, polymers, and their physical mixtures was 

conducted using a Shimadzu FTIR spectrophotometer with the KBr pellet technique. The instrument 

was used with a dry air purge, and the scan was taken at a scanning speed of 2 mm/sec and a resolution 

of 4 cm⁻¹ over the range of 4500–400 cm⁻¹. The identified peaks were matched with the main peaks of 

the reported FT-IR spectrum to authenticate the sample [17]. 

 2. Tablet Thickness  

The thickness of the tablet is assessed using a micrometer screw gauge. Twenty tablets are tested 

randomly, and average values are computed [18]. 

3. Hardness 

For tablets from every batch, a hardness test was performed using a Monsanto hardness tester, after 

which average values were determined [19]. 

4. Friability.                      

Using a Roche friabilator [Campbell Electronics, Mumbai, India] [n = 20], the friability of the prepared 

formulations was assessed. The samples of tablets corresponding to 6.5 g were precisely weighed, 

located in the drum. After the drum made 100 revolutions, the tablets were taken out. Any loose dust 
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from the tablets was eliminated, an accurate weight was recorded, and the % friability was computed 

based on the weights of the tablets before and after the test [20]. 

5. In vitro drug release from tablet  

Drug release studies were performed using a USP-22 dissolution apparatus-2 with a paddle type 

(Electrolab, Mumbai, India), rotating at 50 rpm and maintaining a temperature of 37±0.5º. The 

dissolution media consisted of 900 ml of 0.1 mol/l HCl for the initial 2 hours, after which a pH 6.8 

phosphate buffer solution was used for 12 hours. The sink condition was upheld throughout the entire 

experiment. At regular intervals, samples (10 ml) were taken out and the same volume of pre-warmed 

(37±0.5º) fresh dissolution medium was added to keep the volume constant. Samples that were 

withdrawn were passed through a 0.45 μm membrane filter (Nunc, New Delhi, India). The drug content 

of each sample was analyzed using a UV spectrophotometer (Shimadzu UV-1700) at 233 nm after 

suitable dilution [21]. 

 CHARACTERISTICS AND EVALUATION OF GRANULES 

1 Angle of repose  

2 Bulk density 

 3 Compressibility index 

1 Angle of repose: The funnel method was used to determine the granules' angle of repose. Granules 

with the correct weight were placed in the funnel. The funnel was adjusted to a height where its tip just 

made contact with the apex of the powder blend. The granules were permitted to move through the 

funnel freely onto the surface13. The granules' cone diameter was measured, and the angle of repose 

was determined using the equation below. 

 Tan θ = h/r,  

where h represents the height of the powder cone. 

 r = radius of the conical powder [22]. 

2 Bulk density: The bulk density of a powder is determined by dividing its mass by the bulk volume, with 

the result expressed in gm/cm³. The formula used for the calculation of bulk density was:  

Bulk Density = M / Vo 

 Where M represents the weight of the sample  

Vo = apparent powder volume [23]. 
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3 Compressibility index: Carr created an indirect method for assessing powder flow based on bulk 

densities. A low Carr's index indicates that the primary packing arrangement is effective and there are 

fewer voids in the volume. The flow of powder diminishes as the values of these indices increase [24]. 

ADVANTAGES OF NATURAL POLYMER  

 The following are only a few of the many benefits of natural plant-based materials.   

(1) Biodegradable: Because they are created by all living organisms and are naturally occurring, they are 

biodegradable. 

 (2) Non-toxic and biocompatible: These plant components are essentially repeating sugar 

polysaccharides. 

 (3) Low cost: Using them as natural sources is less expensive. The cost of manufacture is lower than 

that of synthetic materials.  Agriculture is the main source of income for India and many other 

developing nations, and it receives significant financial investment. 

 (4) Eco-friendly processing: Because of the straightforward production methods, a wide variety of 

natural chemicals derived from various plant sources are used extensively in the pharmaceutical sector 

and gathered in incredibly enormous numbers. 

(5) Local availability (particularly in developing countries): The government of India and other 

homogeneous developing nations promotes the production of plants as pharmaceutical excipients and 

also provides the facilities for bulk production, such as gum and mucilages, due to their numerous 

industrial uses.  

(6) Public acceptance and patient tolerance: Natural materials are less likely to have negative side 

effects than synthetic ones. 

DISADVANTAGES OF NATURAL POLYMER 

While there are certain better benefits to natural polymers, there are also some drawbacks that should 

be taken into account.  The most typical drawbacks are:   

1. There may have been microbial contamination.    

2. There is fluctuation from batch to batch.                       

3. There is no control over the rate of hydration.               

4. The formulation's viscosity decreased as it was being stored.                   

5. Seasonality characterizes most natural polymers [25]. 

NATURAL POLYMER APPROACH IN SUSTAINED RELEASE DRUG DELIVERY SYSTEM 
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Research on the delivery of drugs using natural polymers and their semi-synthetic derivatives is still 

ongoing.  In matrix systems, drug-release retarding polymers are crucial.  Numerous polymers, each 

with a unique approach to the matrix system, have been studied as drug-retarding agents.  Matrix 

systems are often divided into three primary categories based on the characteristics of the retarding 

polymer: hydrophilic, hydrophobic, and plastic.  The best polymers for delaying drug release are 

hydrophilic ones, and their use in sustained drug administration is becoming more and more popular. 

Numerous natural polymers, including hibiscus mucilage, have been studied as sustained release 

agents.  The fresh leaves of Hibiscus rosa-sinensis are used to remove the mucilage.  Known by many 

as the "China rose," Hibiscus rosa-sinensis, a member of the Malvaceae family, is a popular 

landscaping shrub that may reach heights of 7 to 12 feet. Its medium-textured, glossy, dark green leaves 

give a striking look, as do its spectacular flowers, which are 4 to 6 inches broad and up to 8 inches long.  

Diclofenac sodium matrix tablets were designed and their release retardant activity in manufactured 

sustained release formulations was investigated utilizing mucilage from Hibiscus rosa-sinensis leaves.  

The physicochemical characteristics of Hibiscus rosa-sinensis leaves were assessed.Diclofenac 

sodium tablets made from the mucilage of Hibiscus rosa-sinensis leaves were prepared.  The weight, 

hardness, friability, and drug content of the matrix tablets were found to be more uniform with low 

deviating values.  The mucilage from dried Hibiscus rosa-sinensis leaves can be utilized as a matrix-

forming material to create sustained release matrix tablets, as demonstrated by the swelling behavior, 

release rate characteristics, and in vitro dissolution studies.  The chosen formulation's kinetics were 

zero order.  The mucilage from Hibiscus rosa-sinensis leaves was found to be a useful matrix-forming 

polymer for maintaining the release of Diclofenac sodium from the formulation. 

1 Aloe mucilage 

2 Fenugreek Mucilage  

3 Mimosa pudica mucilage  

4 Hibiscus mucilage  

5 orka gum 

1. Aloe mucilage: 

Numerous chemicals with a variety of structures have been isolated from the central parenchyma 

tissue of Aloe vera leaves as well as the exudates produced by the cells next to the vascular bundles in 

the inner portion of Aloe vera (L.) Burm.f. (Aloe barbadensis Miller) leaves.  1,8dihydroxyanthraquinone 
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derivatives and their glycosides7 are present in the bitter yellow exudates.  In addition to the various 

carbohydrates, it has been demonstrated that the aloe parenchyma tissue or pulp contains proteins, 

lipids, amino acids, vitamins, enzymes, inorganic chemicals, and tiny organic molecules.  Several 

researchers have determined that the main polysaccharide of the gel is partially acetylated mannan 

(also known as acemannan), while others have discovered that pectic material is the main 

polysaccharide. 

2. Fenugreek Mucilage: 

Fenugreek, or Trigonella Foenum-graceum, is a herbaceous plant of to the leguminous family.  

Mucilage, a naturally occurring sticky material found in many seed coverings, makes up a large portion 

of fenugreek seeds.  Mucilage does not dissolve in water, but when it comes into contact with liquids, it 

turns into a sticky, viscous substance.  Fenugreek seeds swell and turn slippery when they come into 

contact with liquids, just like other materials that contain mucilage.  In order to separate the husk from 

the seeds, the size-reduced seeds are first suspended in chloroform for a while before being decanted.  

The oily part is extracted using chloroform and subsequently air dried.There are also reports of an 

alternative extraction method for separating the mucilage from the husk.  Hexane is used to extract the 

powdered seeds, which are then cooked in ethanol.  After being soaked in water, the treated powder is 

mechanically agitated and filtered.  After centrifugation, the filtrate is concentrated under vacuum and 

combined with 96% ethanol.  After that, it is refrigerated for four hours in order to precipitate the 

mucilage13.  The use of fenugreek seed mucilage in matrix compositions containing propranolol 

hydrochloride was examined in one study.  For comparison, Methocel® K4M was utilized as a typical 

controlled release polymer. 

3. Mimosa pudica mucilage: 

The sensitive plant, Mimosa pudica (family Mimosaceae), is a spreading undershrub that is widely 

distributed throughout India's tropical and subtropical regions.  Mucilage from M. pudica seeds is made 

up of d-xylose and d-glucuronic acid.  When mimosa seed mucilage comes into contact with water, it 

quickly hydrates and expands.  The dissolving and binding characteristics of Mimosa seed mucilage 

were assessed in a previous work conducted in our lab.  Using diclofenac sodium (DS) as a model 

medication, we have isolated, characterized, and assessed the sustained-release characteristics of 

Mimosa seed mucilage.  The wet granulation method was used to formulate the DS matrix tablet, which 
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was then assessed for appearance, weight variation, hardness, friability, in vitro drug release, swelling, 

and erosion behaviour. 

4. Hibiscus Mucilage: 

Mucilage, which provides long-lasting activity, is extracted from fresh Hibiscus rosa-sinensis leaves.  

(Malvaceae family).  L-rhamnose, D-galactose, D-galacturonic acid, and D-glucuronic acid are among 

the chemical components found in Hibiscus rosa-sinensis mucilage.  There have been reports of using 

its mucilage to create sustained-release pills. 

5. Okra gum:  

Abelmoschusculentus (Fam. Malvaceae) is the botanical name for this tall, upright annual plant.  In the 

majority of Nigeria's tropical regions, it is extensively grown.  throughout addition to being used as food 

and soup throughout Asia and Africa, okra has been the focus of agricultural and culinary research.  

When okra is crushed and extracted in water, a viscous mucilaginous solution is produced.  Okra gum's 

potential as a pharmaceutical excipient has been discussed in literature as a binder, control release, 

film coating, bio-adhesive, and suspending agent.  Using paracetamol as a model medication, okra 

gum has been assessed as a controlled-release agent in modified release matrices in contrast to 

sodium carboxymethylcellulose (NaCMC) and hydroxyl-propyl-methylcellulose (HPMC). Direct 

compression was used to create tablets, and the in-vitro drug release was evaluated for six hours under 

settings that resembled the gastrointestinal tract.  For over six hours, okra gum matrices offered a 

regulated release of paracetamol, with release rates that followed time-independent kinetics.  The 

drug's concentration within the matrix determined the release rates.  The release kinetics and 

dissolution process were changed by the inclusion of tablet excipients, lactose and Avicel [26,27,28]. 

FUTURE PERSPECTIVE 

The development of drug-delivery vehicles utilizing synthetic and natural polymers is a field of study 

that is progressing quickly.  The most notable advancements in polymeric drug delivery are being made 

in the field of responsive delivery systems, which enable the tailored administration of medications 

based on certain sites or blood level monitoring.  The researchers anticipate a number of uses for these 

copolymers, including lining prosthetic organs, performing immunological tests, acting as drug-

targeting agents, operating in chemical reactors, and offering substrates for cell development. 

Implanted devices that accurately or locally distribute medications to target areas can be created using 

a particular polymeric system to achieve the right blood levels.Because biomimetic and bioinspired 
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systems can overcome a number of obstacles associated with polymeric drug delivery, they hold 

considerable potential for the future.  It will have effectively enabled the incorporation of biocompatible 

and bio-related copolymers and dendrimers in cancer treatments, particularly in their role as carriers 

of powerful anti-cancer drugs like cisplatin and doxorubicin.  Dendrimers' unique characteristics, such 

as their well-defined molecular weight, globular topology, high degree of branching, and multivalence, 

make them a promising novel scaffold for polymeric drug delivery systems.  The creation and synthesis 

of new polymers may enable us to use a greater variety of polymer combinations in future drug delivery 

systems [29]. 

CONCLUSION 

Natural polymers play a vital role in the development of modern drug delivery systems due to their 

biocompatibility, biodegradability, and ability to control the rate and duration of drug release. Materials 

such as carrageenan, pectin, glucomannan, cellulose, agar, and xanthan gum have demonstrated 

excellent potential in sustained and controlled release formulations. Their capacity to swell, form gels, 

and interact with drugs allows for precise modulation of release kinetics, thereby maintaining 

therapeutic drug levels for extended periods. Sustained release tablets formulated with these polymers 

not only enhance treatment effectiveness but also improve patient compliance by reducing dosing 

frequency and minimizing side effects. The physicochemical properties of each polymer—such as 

solubility, viscosity, and molecular structure—significantly influence the release behavior and stability 

of the dosage form. Ongoing research continues to focus on optimizing natural polymer-based systems 

and combining them with synthetic polymers to achieve more efficient, site-specific, and responsive 

drug delivery. In the future, biomimetic and bioinspired polymer systems are expected to revolutionize 

targeted therapy, particularly in chronic and cancer treatments, by offering safe, reliable, and controlled 

drug release mechanisms. Thus, natural polymers represent a sustainable and promising foundation 

for the advancement of next-generation pharmaceutical technology. 
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ABSTRACT  

The infected Samples of Tomato anthracnose collected from different fields of Marathwada region like 

Beed, Gangapur, Paithan, and Jalna during academic year 2024-2025 crop seasons. Isolation of 

pathogen was done by inoculating the samples on Rose Bengal agar medium and the cultures were 

further Purified and maintained on potato dextrose agar medium at 26+10C.The isolate of C.coccoides 

was selected for the purpose of integrated management under antagonism by different fungal 

antagonistic isolates. Trichoderma atroviride,T.harzianum, T.viride.Among them Trichoderma atroviridi 

and T.harzianum were found to be effective. 

KEYWORDS  

Anthracnose, C. coccoides, Trichoderma  

INTRODUCTION  

Tomato (Solanum lycopersicum L.) is an important vegetable as well as nutritive crop, cultivated 

worldwide It is not only used in many cuisines but also found to have many medicinal properties Tomato 

(Solanum lycopersicum L.) is valued for its diverse commercial uses throughout world. India is major 

producer, consumer and exporter of Tomato Colletotrichum coccoides, India had been the largest 

producer and exporter of tomato, but since a few years the production has declined significantly and 

presently, India stands at the third number in terms of tomato production (FAOSTAT, 2012) as the most 

predominant species in the major Tomato growing states namely Karnataka State and Andra Pradesh 

(Rama chandranet al. 2008). Anthracnose is a major problem on mature leaves and fruits, causing 

severe losses due to both pre-harvest and post-harvest fruit decay (Hadden JF, Black LL., 1989) 

Trichoderma spp. have been known as biocontrol agents (BCA) for the control of plant diseases for 

decades (Weindling, 1932; Harman et al., 2004). 

METHODOLOGY 

1) The infected samples of Tomato anthracnose collected from different fields of Marathwada region 

like Beed, Gangapur, Paithan, and Jalna during 2024-25 crop season. 
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2) Isolation of pathogen was done by inoculating the samples on Rose Bengal agar medium and the 

cultures were further purified and maintained on potato dextrose agar medium at 26+1°C 

3) The isolate of infected fruits of tomato was selected for the purpose of integrated management under 

antagonism by different fungal antagonistic isolates. Trichoderma atroviride. T.harzianum-1, 

T.harzianum-2, T viride 

4) To study the antagonistic effect, an experiment was laid out in Petri plates poured with sterilized 

Czapek Dox Agar Solidified medium in the plates was inoculated by placing the discs (4 mm diameter) 

of bio-agents culture and exacting opposite to this disc of test fungus (7 days old culture) were placed 

in such a manner that both organisms would get equal opportunity for their growth. 

5) The experiment was conducted with three replications and one control plate containing only test 

fungus. 

6) The antagonistic effect of Trichoderma was assessed on the basis of pathogen mycelial on seventh 

day (Vincent 1947, Dennis and Webster 1971. Arora, D K and inhibition Upadhyay, R. K. 1978). 

Per cent inhibition over control was calculated as per the formulae Eq. (1) by Vincent, (1947). 

                                                I   = C-T    X   100 

                                                          C      

Where,               

  I = Per cent inhibition over control 

 C=Growth of test pathogen with absence of antagonist (mm) 

  T= Growth of test pathogen with antagonist (mm) 

RESULTS AND DISCUSSION 

Sr.  
No. 

 
Trichodermaspp. 

 
C.coccoides 

    Cc-5 
Resistant(mm) 

 
PCE* 

1 Trichoderma 
harizianum-1 

21.8 68.22 71.68 

2 T. viride 20.0 70.00 74.02 
3 T.harizianum-2 20.0 70.00 74.02 
4 T. atroviride 30.4 59.66 60.50 
5 Control  

C.D. (P= 0.05) 
77.0 
     16.89         

-- 
         6.20 

--     
3.34 
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The effect of seed and soil treatment with Trichoderma harzianum and Trichoderma viride were 

significantly effective against seed borne fungal pathogens including Colletotrichum spp. (RaoVCh. 

Narayana YD., 2010) The highly isolate of C. coccoides was selected for the purpose of integrated 

management under antagonism by different fungal antagonistic isolates. Trichoderma atroviride,T 

harzianum-1, T harzianum-2, T viride Among them Trichoderma harzianum-2, T viride were found to be 

effective T viride gave PCE 60. 10 to 74.02 
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ABSTRACT  

The tomato leaf miner, Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae), is one of the most 

destructive insect pests of tomato worldwide. Native to South America, this invasive pest has rapidly 

spread across Europe, Africa, the Middle East, and Asia, including India, causing severe yield losses 

ranging from 80–100% under uncontrolled conditions. Its endophytic feeding habit, high reproductive 

potential, multivoltine nature, and ability to develop resistance to insecticides make its management 

extremely challenging. This review synthesizes published research from reputed journals on the 

biology, distribution, damage symptoms, and management strategies of T. absoluta. Emphasis is 

placed on integrated pest management (IPM) approaches, including cultural, mechanical, biological, 

botanical, biotechnical, host plant resistance, and chemical control methods. The review highlights 

recent advances, challenges, and future research needs for sustainable management of T. absoluta, 

particularly under diverse agro-climatic conditions of developing countries. 

KEYWORDS  

Tuta absoluta, tomato leaf miner, Solanaceous crops, biology, integrated pest management, biological 

control, botanicals, pheromones  

INTRODUCTION  

Tomato (Solanum lycopersicum L.) is one of the most important vegetable crops grown worldwide for 

fresh consumption and processing. It ranks among the top vegetable crops in terms of area and 

production, contributing significantly to food security, nutrition, and farm income. Tomatoes are rich 

sources of vitamins A, C, and E, minerals, and antioxidants such as lycopene, which is associated with 

reduced risks of cardiovascular diseases and certain cancers. 

Despite its economic and nutritional importance, tomato production is severely constrained by insect 

pests and diseases. Among the insect pests, the tomato leaf miner, Tuta absoluta (Meyrick, 1917), has 

https://www.ijitmr.com/
mailto:editor@ijitmr.com
mailto:jayashreeshinde64554@gmail.com
mailto:abhishekshinde1050@gmail.com
mailto:vrmore2015@gmail.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

57  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

emerged as a major threat to tomato cultivation globally. Since its first detection outside South America 

in Spain in 2006, T. absoluta has spread rapidly across Europe, Africa, the Mediterranean basin, and 

Asia, including India, Bangladesh, and Nepal. In India, the pest was first reported in 2014 and has since 

established itself in almost all major tomato-growing states. 

Biological invasions such as T. absoluta are increasingly facilitated by globalization, international trade, 

and climate change. Invasive arthropod pests pose serious challenges to sustainable agriculture due 

to their rapid spread, lack of effective natural enemies in new areas, and heavy reliance on chemical 

insecticides. Therefore, an integrated pest management (IPM) approach is essential for effective and 

environmentally sound management of T. absoluta. 

2. Global Distribution and Invasion History 

Tuta absoluta is native to South America and was first described from Peru in 1917. It later spread to 

several South American countries, including Brazil, Argentina, Chile, Colombia, and Venezuela. The 

pest was first detected in Europe in Spain in 2006 and subsequently spread throughout Southern 

Europe, North Africa, and the Mediterranean region. 

In Africa, T. absoluta has been reported from countries such as Egypt, Ethiopia, Kenya, Sudan, and 

Nigeria, where it poses a serious threat to smallholder and commercial tomato production. In Asia, the 

pest has been recorded in Iran, Iraq, Israel, Turkey, India, Bangladesh, and Nepal. In India, its rapid 

spread across diverse agro-climatic regions has resulted in severe yield and quality losses, making it 

one of the most destructive tomato pests in recent decades. 

3. Biology and Life Cycle 

Table 1. Summary of biology and life cycle of Tuta absoluta 

Life 
stage 

Description Duration 
(days)* 

Key characteristics 

Egg Elliptical, creamy white to yellowish; 
laid singly or in clusters on underside of 
leaves, stems, buds and fruits 

4–7 Female lays up to 250–260 
eggs; incubation influenced by 
temperature 

Larva Four instars; whitish initially, later 
greenish or pinkish 

10–15 Most destructive stage; mines 
leaves, stems and fruits 

Pupa Formed in soil, leaf mines or plant 
debris; green turning dark brown 

5–10 Protected stage; survives 
adverse conditions 

Adult Small moth (~10 mm); silvery-grey 
scales; nocturnal 

10–15 (adult 
longevity) 

Active at night; responsible for 
mating and oviposition 

*Duration varies with temperature and environmental conditions. 
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The life cycle of T. absoluta consists of four stages: egg, larva, pupa, and adult. The duration of the life 

cycle varies with temperature and host plant, typically completing in 24–38 days. 

3.1 Egg 

Eggs are small, elliptical, creamy white to yellowish, and laid singly or in small groups on the underside 

of leaves, stems, buds, or calyx of fruits. A single female can lay up to 250–260 eggs during her lifetime. 

Egg incubation period ranges from 4–7 days, depending on temperature. 

3.2 Larva 

Larvae pass through four instars and are the most destructive stage. Newly hatched larvae are whitish, 

later turning greenish or pinkish. Larvae mine leaves, stems, and fruits, forming galleries that reduce 

photosynthetic area and marketability of fruits. Larval development lasts 10–15 days. 

3.3 Pupa 

Pupation occurs either in the soil, within leaf mines, or on plant debris. Pupae are initially green and 

later turn dark brown. The pupal stage lasts about 5–10 days. 

3.4 Adult 

Adults are small moths, about 10 mm long, with silvery-grey scales and filiform antennae. They are 

nocturnal and remain hidden during the day. Adults live for 10–15 days, during which mating and 

oviposition occur. 

4. Nature of Damage and Economic Importance 

Tuta absoluta attacks tomato plants at all growth stages, from seedlings to fruiting plants. Larvae mine 

leaves, bore into stems, and penetrate fruits, making them unmarketable. Severe infestations can lead 

to 80–100% yield loss under favorable conditions. Apart from tomato, the pest can also infest other 

Solanaceous crops such as potato, brinjal, and capsicum, as well as several wild host plants. 

5. Management Strategies 

Table 2. Comparison of management strategies used against Tuta absoluta 

Management 
approach 

Tools/agents used Mode of 
action 

Advantages Limitations 

Cultural control Crop rotation, 
removal of infested 
plant parts, deep 
ploughing, sanitation 

Reduces pest 
carryover and 
breeding 
sites 

Low cost, eco-
friendly 

Requires strict 
field hygiene 

Mechanical/Physical 
control 

Handpicking, light 
traps, insect-proof 
nets 

Physical 
removal or 
exclusion 

Safe, non-toxic Labour 
intensive, 
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limited efficacy 
alone 

Biological control Trichogramma spp., 
Nesidiocoris tenuis, 
Dolichogenidea 
gelechiidivoris 

Parasitism 
and 
predation 

Sustainable, 
long-term 
control 

Slow 
establishment, 
climate 
dependent 

Entomopathogenic 
fungi 

Beauveria bassiana, 
Metarhizium 
anisopliae 

Infection 
leading to 
larval 
mortality 

Eco-friendly, 
compatible 
with IPM 

Slower action, 
affected by 
humidity 

Botanical pesticides Neem, garlic, 
lemongrass extracts 

Antifeedant, 
repellent, 
growth 
inhibition 

Safe to non-
targets, 
biodegradable 

Variable efficacy 

Biotechnical control Sex pheromone traps Monitoring, 
mass 
trapping, 
mating 
disruption 

Species-
specific, safe 

Needs proper 
installation and 
maintenance 

Chemical control Chlorantraniliprole, 
indoxacarb, 
spinosad, emamectin 
benzoate 

Nervous 
system 
disruption 

Quick 
knockdown 

Resistance 
development, 
harmful to 
natural enemies 

5.1 Cultural Control 

Cultural practices play an important role in reducing pest populations. These include removal and 

destruction of infested plant parts, crop rotation with non-host crops, deep ploughing to destroy pupae, 

use of pest-free seedlings, and avoidance of continuous tomato cultivation. 

5.2 Mechanical and Physical Control 

Mechanical methods such as handpicking of infested leaves and fruits, use of light traps, and 

installation of insect-proof nets in nurseries and greenhouses can help reduce infestation levels. 

5.3 Biological Control 

Biological control is a key component of IPM for T. absoluta. Several natural enemies, including 

parasitoids (Trichogramma spp., Dolichogenidea gelechiidivoris), predators (Nesidiocoris tenuis), and 

entomopathogenic fungi (Beauveria bassiana, Metarhizium anisopliae), have shown promising results. 

Conservation and augmentation of these natural enemies can significantly suppress pest populations. 

5.4 Botanical and Biopesticides 

Botanical pesticides such as neem (Azadirachta indica), garlic (Allium sativum), and lemongrass 

(Cymbopogon citratus) extracts have shown insecticidal, antifeedant, and repellent effects against T. 
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absoluta. Entomopathogenic fungi have also demonstrated substantial larval mortality under field 

conditions, offering eco-friendly alternatives to chemical insecticides. 

5.5 Biotechnical Control 

Pheromone-based tools, including sex pheromone traps, are widely used for monitoring, mass 

trapping, and mating disruption. These methods are effective, species-specific, and environmentally 

safe. 

5.6 Chemical Control 

Chemical insecticides such as chlorantraniliprole, indoxacarb, spinosad, emamectin benzoate, and Bt 

formulations have been used against T. absoluta. However, indiscriminate use has led to the 

development of resistance and negative impacts on natural enemies. Therefore, chemical control 

should be used judiciously and in rotation with other management strategies. 

6. Integrated Pest Management (IPM) 

An effective IPM strategy for T. absoluta involves the integration of cultural, mechanical, biological, 

botanical, biotechnical, and chemical methods. Regular monitoring, use of economic threshold levels, 

conservation of natural enemies, and farmer awareness are essential components of successful IPM 

programs. 

CHALLENGES AND FUTURE PROSPECTS  

Major challenges in managing T. absoluta include rapid resistance development, lack of awareness 

among farmers, limited availability of biological control agents, and variability in climatic conditions. 

Future research should focus on developing resistant tomato varieties, improving biological control 

efficiency, and strengthening IPM adoption at the farmer level. 

CONCLUSION 

Tuta absoluta continues to pose a serious threat to global tomato production. Sustainable 

management of this pest requires a holistic IPM approach that minimizes reliance on chemical 

insecticides and promotes eco-friendly alternatives. Continued research, extension efforts, and policy 

support are crucial for mitigating the impact of this invasive pest and ensuring sustainable tomato 

production. 
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ABSTRACT  

Nanotechnology presents groundbreaking approaches to tackle antimicrobial resistance, improve 

stress management, and boost productivity in agriculture. This review consolidates findings on 

environmentally-friendly synthesized silver (Ag), copper (Cu), and iron (Fe) nanoparticles, exploring 

synthesis techniques, characterization, antimicrobial characteristics, and their applications in poultry. 

The use of mint (Mentha spp.), basil (Ocimum basilicum), and pomegranate peel in green synthesis 

offers eco-friendly alternatives to traditional chemical methods. Silver nanoparticles exhibit significant 

antimicrobial properties, with a minimum inhibitory concentration of 2.49 µg/mL against Escherichia 

coli, along with protective effects against aflatoxin. Copper nanoparticles improve stress adaptation, 

intestinal structure, and antioxidant levels in response to cold stress. Iron oxide nanoparticles enhance 

growth performance by 15.8% in body weight and effectively decrease ammonia emissions during heat 

stress, utilizing doses that are 60-80% lower than traditional sources. Nonetheless, it is essential to 

conduct a thorough assessment of tissue accumulation and oxidative stress. This review highlights the 

potential of green-synthesized nanoparticles as sustainable alternatives to antibiotic growth 

promoters, while also pinpointing existing knowledge gaps in mechanistic understanding, 

standardization, and regulatory frameworks. 

KEYWORDS  

green synthesis; nanoparticles; mint extract; poultry production; antimicrobial activity; stress 

management  

INTRODUCTION  

The global agriculture and poultry sectors encounter significant challenges such as antimicrobial 

resistance, environmental stressors, mycotoxin contamination, and the necessity to meet food 

demands in a sustainable manner. Traditional methods such as antibiotic growth promoters have 
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sparked worries regarding the emergence of resistance and environmental contamination (Gunal et al., 

2006; Havenstein et al., 2003). The 2006 ban by the European Union on antibiotic growth promoters, as 

outlined in Regulation (EC) No. 1831/2003, required the development of alternative strategies. 

Nanotechnology presents a transformative approach characterized by improved bioavailability, precise 

delivery, regulated release, and minimized environmental effects (Ahmadi & Rahimi, 2011; Remya et 

al., 2017). Metal nanoparticles (1-100 nm) display unique physicochemical characteristics such as 

elevated surface area-to-volume ratios, heightened reactivity, enhanced cellular uptake, and 

innovative optical properties (Tsekhmistrenko, 2024), allowing for supplementation at reduced doses 

while achieving superior biological effects. 

Silver, copper, and iron nanoparticles exhibit significant antimicrobial effects and play crucial 

nutritional roles. The use of plant extracts, microorganisms, or agricultural by-products in "green 

synthesis" as reducing and stabilizing agents presents advantages such as environmental 

sustainability, cost-effectiveness, biocompatibility, and improved biological properties (Khan et al., 

2013; Remya et al., 2017). Plant extracts abundant in polyphenols, flavonoids, and terpenoids play a 

dual role in the reduction of metal ions and the stabilization of nanoparticles. 

2. Green Synthesis Methods and Characterization 

2.1 Fundamental Concepts and Botanical Resources 

Green synthesis utilizes biological materials as reducing and stabilizing agents, thereby removing toxic 

chemicals and reducing the high energy consumption associated with traditional methods 

(Tsekhmistrenko, 2024). Plant-derived compounds such as polyphenols, flavonoids, and terpenoids 

play a crucial role in the reduction of metal ions and contribute to the stabilization of colloids through 

surface capping (Remya et al., 2017). 

Mint extracts (Mentha piperita, M. arvensis) that are abundant in polyphenols (9.81 mg/mL) facilitate 

the production of silver and copper nanoparticles. FTIR analysis indicates the presence of hydroxyl 

(3349-3404 cm⁻¹), carbonyl (1597-1646 cm⁻¹), and C-O stretching (1048-1108 cm⁻¹) groups involved in 

reduction and stabilization. The process of synthesizing silver nanoparticles entails the combination of 

mint extract with 1 mM AgNO₃ at a temperature of 30°C for a duration of 24 hours, as verified by UV-Vis 

spectroscopy, which shows peaks in the range of 400-470 nm. Basil (Ocimum basilicum) extract yields 

iron oxide nanoparticles with an average size of 40 nm, whereas pomegranate peel, containing 9.33% 
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tannin, synthesizes silver nanoparticles also measuring 40 nm, exhibiting a zeta potential of -29 mV and 

demonstrating excellent stability (Al-Othman et al., 2017). 

2.2 Characterization 

The synthesis is confirmed by UV-Visible spectroscopy, which shows surface plasmon resonance at 

400-470 nm for AgNPs and 275-285 nm for CuO. XRD analysis indicates the presence of crystalline 

structures: silver exhibits a face-centered cubic (FCC, JCPDS 04-0783, 4.1-25 nm crystallites), while 

copper oxide displays a monoclinic structure (JCPDS 00-000-0661, 2.8-19.08 nm). TEM and SEM 

demonstrate a variety of morphologies, including spherical, triangular, and hexagonal shapes, ranging 

from 10 to 50 nm. The dynamic light scattering technique provides measurements of hydrodynamic 

diameter ranging from 49 to 53 nm, alongside zeta potential values between -20 and -23 mV, indicating 

stability. EDX verifies the elemental composition, indicating silver content ranging from 41.40% to 

67.98%. The green synthesis method yields larger particles, measuring 12.2 nm compared to 3.5 nm 

from thermochemical processes, and does so at significantly lower temperatures of 60°C versus over 

300°C, while also demonstrating enhanced environmental compatibility (Tsekhmistrenko, 2024). 

3. Silver Nanoparticles: Antimicrobial Properties and Applications 

3.1 Antimicrobial Efficacy 

Silver nanoparticles exhibit significant antimicrobial properties via multiple synergistic mechanisms, 

offering broad-spectrum effectiveness against a variety of pathogens. The minimum inhibitory 

concentration (MIC) values against Gram-negative bacteria, including Escherichia coli, can be as low 

as 2.49 µg/mL, indicating a competitive edge over traditional antibiotics such as kanamycin. The MIC 

for Gram-positive Staphylococcus aureus varies between 11.1 and 51.5 µg/mL, which highlights the 

significant protective benefit provided by their considerably thicker peptidoglycan layers (20-80 nm, in 

contrast to the 7-8 nm thickness found in Gram-negative bacteria) (Al-Saeedi et al., 2021; Faizan et al., 

2024). The antimicrobial action of silver nanoparticles functions through various interconnected 

mechanisms. These include membrane disruption due to the electrostatic attraction between 

positively charged nanoparticles and negatively charged bacterial cell walls, DNA damage that 

interferes with replication processes, enzyme inhibition impacting essential ATP production pathways, 

the generation of reactive oxygen species (ROS) that cause lethal oxidative damage to cellular 

components, and the continuous release of silver ions that enhance these antimicrobial effects. In 

addition to their effects on bacterial targets, AgNPs exhibit notable antifungal properties by suppressing 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

67  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

the growth of Aspergillus flavus and significantly reducing aflatoxin production (Zhao et al., 2017). 

Copper oxide nanoparticles demonstrate significant antifungal activity, showing inhibition zones of 1.5 

cm against Candida albicans, which is the highest efficacy recorded among all microorganisms tested. 

3.2 Poultry Production Effects 

The administration of AgNPs enhances growth performance in a dose-dependent manner. In broilers 

receiving 20-50 ppm via drinking water, there was a significant increase in beneficial Lactobacilli 

populations in the jejunum and ileum at 40-50 ppm (14 and 42 days), while E. coli populations 

decreased dramatically, with 50 ppm resulting in the lowest counts (Al-Saeedi et al., 2021). In rabbits 

subjected to heat stress at 33°C, the administration of subcutaneous AgNPs at a dosage of 0.5 mg/kg 

resulted in a notable enhancement of final body weight. 

The effects on the immune system are intricate and vary with dosage. Administration of AgNPs (5 mg/kg 

orally) resulted in an increase in phagocytic activity, leukocyte metabolic activity, and lysozyme activity 

after 24 days (Ognik et al., 2016). Intermediate concentrations could potentially hinder bursa 

development by disrupting the microbial balance, whereas elevated concentrations (50 ppm) might 

lead to toxicity. 

3.3 Safeguarding Against Aflatoxin and Ensuring Safety 

In broilers exposed to aflatoxin (70 ppm), the addition of AgNPs (150 ppm) resulted in a reduction of 

aflatoxin levels from 1.91 to 1.86 ppm and led to a significant decrease in liver damage, including 

congestion, thrombus formation, sinusoid dilatation, bile duct hyperplasia, necrosis, edema, and 

hemorrhage (Jasim & Al-Taee, 2023). Protection mechanisms encompass direct adsorption, 

interference with absorption, antioxidant properties, and improved hepatic detoxification. 

Concerns regarding safety encompass oxidative stress and the accumulation of tissue. AgNPs (22 nm) 

resulted in a reduction of SOD and CAT activities, an increase in lipid peroxidation markers (LOOH, 

MDA), and a rise in cholesterol/LDL levels (Ognik et al., 2016). Silver residues accumulated in rabbit 

plasma and meat in a dose-dependent manner, showing variations among different breeds 

(Abdelsalam et al., 2019). Given that silver is not a necessary nutrient, the presence of tissue residues 

poses significant food safety issues. 

4. Copper Nanoparticles: Analyzing Stress Management and Metabolic Support 

4.1 Effects of Cold Stress 
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Copper plays a crucial role in metabolism, immunity, and antioxidant defense via Cu-Zn SOD. 

Conventional sources exhibit restricted bioavailability as a result of phytate binding. Nanoparticles 

improve absorption by increasing surface area and facilitating interactions with transporters such as 

DMT1 and CTR1 (Abdullah et al., 2022). 

In Hubbard broilers subjected to cyclic cold stress (13°C±2°C, 8 hours daily, days 22-35), the addition 

of CuNP (5, 10, 15 mg/kg, 25 nm size) enhanced body weight and feed conversion relative to cold-

stressed controls, with the most significant effects observed at 15 mg/kg (Abdullah et al., 2022). CuNPs 

influenced thyroid metabolism by linearly decreasing T3 levels while increasing T4, indicating 

enhanced metabolic efficiency that reduces the necessity for excessive T3 elevation. 

4.2 Gastrointestinal Well-being and Oxidative Defense 

Cold stress led to a decrease in villus height, villus surface area, and the VH:CD ratio throughout the 

intestinal segments. CuNP supplementation led to a notable enhancement in intestinal morphometry 

in a dose-dependent manner, exhibiting linear increases (p<0.05) in villus height, width, crypt depth, 

and surface area across all segments. The group receiving 15 mg/kg exhibited the highest values. There 

was an observed increase in goblet cell populations within the jejunum and ileum, especially those 

producing acidic mucins that contribute to microbial defense (Abdullah et al., 2022). 

CuNPs enhanced antioxidant status, showing a linear increase in SOD activity while MDA levels 

decreased linearly with dosage. Improved copper bioavailability facilitated the synthesis of Cu-Zn SOD, 

thereby bolstering antioxidant defenses. Serum corticosterone exhibited a linear decrease with 

supplementation, suggesting a diminished stress response (Abdullah et al., 2022). 

5. Iron Oxide Nanoparticles: Growth Enhancement and Environmental Benefits 

5.1 Growth Performance Under Heat Stress 

Iron plays a crucial role in oxygen transport, as hemoglobin comprises 60-70% of the body's iron. It is 

also vital for enzyme activation, energy metabolism, and antioxidant defense mechanisms. Heat stress 

negatively affects feed intake, growth, immunity, and meat quality, while also leading to decreased iron 

concentrations (Almeldin et al., 2024). Traditional iron supplementation encounters difficulties due to 

phytate binding. Nanoparticles address these challenges by improving absorption capabilities. 

In Ross 308 broilers subjected to heat stress (34.5°C/45% RH from days 1-21; 28.5°C/40% RH from days 

22-42), the administration of green iron oxide nanoparticles (20, 40 mg/kg) resulted in a linear 

enhancement of body weight (R²=0.574) and weight gain (R²=0.367) by day 42. The 40 mg/kg dose 
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resulted in 2,245.3 g compared to 1,939.5 g in the controls, indicating a 15.8% improvement. Body 

weight gain increased by 16.15% with a dosage of 40 mg/kg. The feed conversion ratio showed 

consistent improvement across all periods (R²=0.424), with the 20 mg/kg treatment yielding the most 

efficient FCR at 1.455, representing a 14.56% enhancement compared to the control group at 1.703. 

The feed intake remained consistent, suggesting improved nutrient utilization (Almeldin et al., 2024). 

5.2 Environmental Benefits and Meat Quality 

The application of Nano-Fe led to a notable decrease in excreta ammonia content (R²=0.454) at both 

21 and 42 days, with the lowest levels observed at a dosage of 40 mg/kg. This reduction enhances 

animal welfare and promotes environmental sustainability by mitigating respiratory diseases, 

atmospheric pollution, acid rain, and eutrophication. The mechanism encompasses the effects of 

Nano-Fe on the nitrogen metabolism of intestinal microbes (Almeldin et al., 2024). 

The incorporation of Nano-Fe has led to enhancements in meat quality, evidenced by a higher dressing 

percentage, reduced abdominal fat, improved water-holding capacity in both breast and leg muscles, 

and a decrease in cooking loss. The iron content exhibited a dose-dependent increase across various 

tissues (breast, leg, liver, serum) while remaining within safe limits (EU maximum residue limit: 150 

mg/kg poultry meat), which could enhance nutritional value for consumers (Almeldin et al., 2024). 

6. Comparative Analysis and Safety Considerations 

6.1 Bioavailability Enhancement 

The enhanced efficacy of nanoparticles arises from their small size (1-100 nm) and a large surface area-

to-volume ratio, which contribute to improved bioavailability. They efficiently infiltrate the intestinal 

epithelium through mechanisms such as endocytosis, pinocytosis, and transporter-mediated uptake, 

where an increased surface area facilitates enhanced interaction with transporters (DMT1, CTR1) 

(Abdullah et al., 2022; Singh, 2016). This allows for efficient supplementation at significantly reduced 

doses: iron oxide at 20-40 mg/kg compared to the NRC-recommended 85 mg/kg; copper at 5-15 mg/kg 

versus the typical 8-16 mg/kg. 

Nanoparticles exhibit significantly reduced susceptibility to interactions with phytate compared to 

traditional sources, thereby preserving bioavailability. The use of green synthesis capping agents, such 

as polyphenols and proteins, enhances colloidal stability and enables controlled release. This 

approach effectively prevents aggregation and oxidation, while also modulating the release of mineral 

ions. As a result, it contributes to sustained bioavailability and minimizes toxicity (Remya et al., 2017). 
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6.2 Safety Profiles 

Concerns have been raised about the accumulation of silver nanoparticles in tissues and their potential 

toxicity. Data indicates the presence of oxidative stress, a reduction in antioxidant enzymes, changes in 

immune function, and a dose-dependent buildup (Abdelsalam et al., 2019; Ognik et al., 2016). Given 

that silver is not a necessary nutrient, the presence of residues prompts concerns regarding food safety. 

Copper and iron nanoparticles exhibit more advantageous safety profiles as vital nutrients when 

administered in suitable dosages. Iron nanoparticles combined with algae demonstrated no negative 

impacts on organs and enhanced production parameters (Almeldin et al., 2024). Copper nanoparticles 

(5-15 mg/kg) enhanced growth, intestinal health, and antioxidant status while showing no signs of 

toxicity. Nonetheless, an overabundance of supplementation may lead to toxicity mediated by reactive 

oxygen species. Enhancing tissue may provide advantages to consumers by increasing nutritional 

value, provided that the levels stay within safe limits. 

6.3 Size-Dependent Toxicity and Environmental Impact 

Nanoparticle toxicity shows strong size dependence, with smaller particles exhibiting greater toxicity 

due to increased surface area (Faizan et al., 2024). In broilers, 5 nm lipid-coated AgNPs produced more 

severe oxidative stress than 22 nm AgNPs (Ognik et al., 2016). Green synthesis producing larger 

particles (12.2 nm vs. 3.5 nm) may offer favorable safety margins while maintaining efficacy. 

Green synthesis offers substantial environmental advantages: lower temperatures (60-100°C vs. 

>300°C), elimination of toxic chemicals, aqueous media operation, and good stability/biocompatibility 

(Tsekhmistrenko, 2024). Enhanced bioavailability enables 60-80% lower doses, substantially reducing 

mineral excretion and environmental accumulation. Significant ammonia reduction (R²=0.454) and 

improved feed efficiency (14.56%) contribute to resource conservation, reducing land use, water 

consumption, and greenhouse gas emissions per production unit. 

FUTURE PERSPECTIVES AND RESEARCH PRIORITIES  

Future studies should focus on the systematic optimization of nanoparticle characteristics, 

emphasizing precise size control across specified ranges (5-10 nm, 10-25 nm, 25-50 nm, 50-100 nm), 

surface modifications with biocompatible materials (lipids, polysaccharides, proteins), the influence 

of shape (spherical, rod-shaped, triangular, hexagonal) on cellular uptake, and the optimization of 

extract concentration. A comprehensive mechanistic understanding is still lacking, necessitating 

exploration of cellular uptake pathways (such as receptor-mediated, clathrin-mediated, and caveolae-
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mediated endocytosis), intracellular trafficking, interactions with microbiota, modulation of signaling 

pathways, and ADME kinetics via transcriptomic, proteomic, metabolomic, and advanced microscopy 

techniques. 

The establishment of uniform synthesis protocols, rigorous quality control measures, and defined 

characterization requirements would enhance reproducibility and support the path to 

commercialization. Essential parameters encompass particle size distribution (polydispersity index 

<0.3), surface charge (zeta potential), crystallinity (XRD patterns), purity, morphology, and stability. 

Well-defined regulatory frameworks are crucial, focusing on maximum tissue residue levels, good 

manufacturing practices, labeling requirements, environmental impact assessments, post-market 

surveillance, and risk assessment frameworks tailored to nanomaterials. Global harmonization would 

enhance trade across borders and guarantee uniform safety standards. 

Extended applications encompass in ovo administration for early-life advantages, environmental 

disinfection of litter and housing, intelligent delivery systems with controlled release that respond to 

specific triggers such as pH changes, temperature increases, and enzyme presence, as well as 

combination strategies with other feed additives like probiotics, prebiotics, enzymes, and organic acids 

to achieve synergistic effects. Investigations ought to encompass laying hens, breeders, turkeys, ducks, 

and additional poultry species, as diverse species may exhibit differing responses attributable to 

variations in digestive physiology, growth rates, metabolic requirements, and susceptibility to stress. 

CONCLUSION 

Metal nanoparticles synthesized through green methods present potential advancements for 

agriculture and poultry production. The production of silver, copper, and iron nanoparticles through 

plant extracts demonstrates enhanced antimicrobial properties, improved stress management, and 

greater growth promotion when compared to conventional techniques. 

Silver nanoparticles exhibit significant antimicrobial properties (MIC 2.49 µg/mL against E. coli), 

enhance the balance of intestinal bacteria, and offer protection against aflatoxin toxicity. However, they 

may also induce oxidative stress and tissue accumulation, necessitating a thorough safety 

assessment. Copper nanoparticles (5-15 mg/kg) assist birds in managing cold stress, enhance growth 

and feed efficiency, and bolster intestinal health at doses 60-80% lower than traditional sources. Iron 

oxide nanoparticles enhance growth by 15.8% and feed efficiency by 14.56% during heat stress at 
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considerably lower doses (20-40 mg/kg) compared to standard recommendations (85 mg/kg), while 

also significantly decreasing ammonia emissions and enhancing meat quality within safe limits. 

The process of green synthesis utilizing extracts from mint, basil, and pomegranate is advantageous for 

the environment, as it avoids the use of toxic chemicals and functions at significantly lower 

temperatures (60-100°C compared to over 300°C). Improved bioavailability achieved by increasing 

surface area, enhancing absorption, minimizing phytate binding, and regulating release allows for 

effective application at doses 60-80% lower, leading to cost savings and a reduced environmental 

footprint. 

Significant obstacles persist: the need for long-term safety evaluations, the establishment of 

production standards, a deeper understanding of cellular mechanisms, assessments of environmental 

impact, and thorough economic evaluations. It is essential to establish precise regulations regarding 

residue levels, manufacturing practices, and safety monitoring. Through ongoing investigation and 

appropriate supervision, green-synthesized nanoparticles hold significant promise for enhancing 

agricultural productivity and sustainability, providing alternatives to antibiotics and traditional minerals 

for a safer and more efficient approach to animal agriculture. 
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ABSTRACT  

Entrepreneur is a word borrowed from the French words entreprendre, “one who undertakes”—that is, 

a “manager.” In fact, the word entrepreneur was shaped probably from celui qui entrapment, which is 

loosely translated as “those who get things done.” In the early eighteenth century, a group of thinkers 

called the Physiocrats surfaced in France around a school of new economic theory. They were the first 

proponents of laissez-faire and opposed all government intervention in industry, especially taxation. 

Their doctrine was that the economic affairs of society are best guided by the decisions of individuals. 

 One of the most famous among them was Richard Cantillon. In a paper he worked on between 

1730 and 1734 and that was later published in 1775 as Essai sur la Nature du Commerce en General, 

he introduced the concept of entrepreneur. He developed these early theories of the entrepreneur after 

observing the merchants, farmers, and craftsmen of his time. Jean-Baptiste Say, a French businessman 

turned economist, followed Cantillon with his Trait d’economie politique in 1803. His work commented 

on the theory of markets and how the entrepreneur is involved in this transaction of goods for money. 

KEYWORDS  

Technology, Business Entrepreneur, Entrepreneurship 

OBJECTIVE OF THE RESEARCH STUDY  

1. To study and understood the concept of entrepreneurship. 

2. To study types of entrepreneurships. 

RESEARCH METHODOLOGY 

The primary source of data collection in this research paper is the secondary data. The available 

information on Entrepreneurship has been extensively used to complete the research paper. All the 

available Journals, Related books, Web, Articles, Publish and unpublished information and Papers 

provided necessary information to the finalize the research paper. 

TYPES OF ENTREPRENEURSHIPS 
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People have different visions, goals, dreams and aspirations for the type of business they want to 

create. For some, hard work is the success factor and for some having enough capital results in a 

successful venture. Some entrepreneurs give social good priority over other aspects. 

Learning about the type of entrepreneurship a company follows can help you decide whether you can 

survive their work culture. The type of entrepreneurship affects the working environment and the 

qualities of the entrepreneur. For example, if you are looking to work in a company that fosters creativity 

and innovation, applying for a job in imitative or social entrepreneurship will not serve the purpose. For 

you, the ideal workplace would be companies following technology or innovative entrepreneurship. 

1. Small business entrepreneurship 

Small businesses represent an overwhelming majority of Indian entrepreneurial ventures. People who 

establish small business entrepreneurship make profits to support their families and live a modest 

lifestyle. As small businesses are small and lack the innovative factor, they fail to attract venture capital 

for smooth running. These people usually fund their ventures themselves or take up loans from friends 

and family members. The employees are usually local people or family members. 

Local hairdressers, grocery shops, milk booths, plumbers, carpenters and small boutiques are part of 

the small business entrepreneurship. 

2. Large company entrepreneurship 

Companies with a finite life cycle display large company entrepreneurship. These companies sustain 

because of innovation and it is the best choice for advanced professionals who know how to sustain 

innovation. When you work in a large company, you are likely to be a part of a large C-level executive 

team. The products these companies offer are different variants around their core product. Small 

business entrepreneurship witnessing accelerated growth can become large company 

entrepreneurship in no time. This is also possible when a large company acquires them. 

3. Scalable startup entrepreneurship 

This type of entrepreneurship starts with a unique idea that can bring a change. From creating a 

business plan to launching it, scalable startup entrepreneurship recognizes what is missing in the 

market and creates a solution. Such business usually receives funding from venture capitalists that 

provide funding based on the uniqueness of the idea. They hire specialized employees because they 

seek rapid expansion and high returns. 

4. International entrepreneurship 
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In international entrepreneurship, entrepreneurs conduct business activities across the Indian national 

boundaries. This could either be opening a sales office in another country or exporting goods from India 

to a foreign country. International entrepreneurship is beneficial when the demand for goods and 

services is declining in the domestic market and the demand arises from the international market. 

Usually, international entrepreneurs sell products in the Indian market until they reach the maturity 

stage and then sell them in the foreign market to earn profits. 

5. Social entrepreneurship 

Social entrepreneurship is a type of entrepreneurship in which entrepreneurs recognise a social 

problem and tailor their activities to create social value. Such entrepreneurs develop services, 

solutions or products to solve critical social issues and bring about social change. This social change 

could be related to environment conservation, animal rights protection or philanthropic activities for 

the underserved community. The motivating factor of social entrepreneurship is achieving social 

benefits. Working in a social enterprise means prioritising transformative social change while ensuring 

financial sustainability. 

These organizations use ethical practices such as conscious consumerism and corporate social 

responsibility to facilitate success. Instead of making profits and earning wealth for the owners, social 

entrepreneurship aims to make the world a better place to live. 

Non-profit organizations are the best social enterprise examples. 

6. Environmental entrepreneurship 

It is also known as ecopreneurship and green entrepreneurship. Profit generation and a concern for the 

environment drive the primary goal of such businesses. An ecopreneur adopts highly environmentally 

responsible business values and practices. They also try to replace the existing product or services with 

products that are environmentally safe to use. In short, environmental entrepreneurship prioritizes the 

business impact on people and the environment besides profits. 

Impact blogging, publishing an audiobook and creating SaaS software are a few examples of 

environmental entrepreneurship as they protect the environment by not cutting trees. 

7. Technopreneurship 

Technopreneurship is what you get on uniting technology with entrepreneurship. It is also known as 

technology entrepreneurship. A technopreneur merges entrepreneurial talent and skills with the 

technical prowess to develop a business that thrives on the intensive use of technology. 
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Technopreneurs undertake calculated risks that have chances of earning profits. In short, these are 

entrepreneurs who have the ability to revolutionize the prevailing economic conditions and introduce 

breakthrough products for the customers. The foundation of the products and services of such a 

business is technology. Such a business prefers to employ creative and technology-savvy people who 

are passionate about bringing technological change. 

8. Hustler entrepreneurship 

A hustler entrepreneur is a self-starter motivated by their goals and aspirations to succeed in 

entrepreneurship. Such people start small and work hard to grow their business. Instead of using 

money or capital to achieve their business goals, they put in their best efforts. They never wait for 

opportunities to come because they create opportunities. Hustlers do not have a give-up attitude, have 

a big risk-taking appetite and are always ready to face challenges. 

9. Innovative entrepreneurship 

The foundation of innovative entrepreneurship is inventions and new ideas. These entrepreneurs can 

think about novel ways of doing business and have the potential to turn a new idea into a successful 

venture. They are business leaders and contribute significantly to the economy. Moreover, such 

companies strive to make life better by providing products, solutions and services which other 

companies have not. Innovative entrepreneurship is ambitious and requires significant investment to 

turn a new idea into a breakthrough service or product. 

10. Imitative entrepreneurship 

This entrepreneurship mimics or imitates existing business ideas and works hard to improve them. 

Such companies imitate already functioning products and services in the market, usually under a 

franchise agreement. Such entrepreneurs have no interest in innovation, though they are ready to work 

on and improve the existing processes. Imitative entrepreneurship works by adopting current 

technologies worldwide and modifying their existing technologies to suit the local conditions. Fast food 

companies and multinational conglomerate companies are the best examples of enterprises running 

on imitative entrepreneurship. 

11. Researcher entrepreneurship 

Researchers are those who conduct in-depth research on the market and opportunities before 

launching their business. Such entrepreneurs believe that with the right set of information and 

preparation, they have a higher chance of achieving success in their entrepreneurial business. Rather 
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than their instinct, they rely on facts, data and logic. Before launching their business, they require a 

detailed plan and in-depth report of the research findings to minimise the probability of failure. 

12. Cyberpreneurship 

Cyberpreneurs or cyber entrepreneurs are people who leverage the benefits of information technology 

to do business. They come up with new ideas to provide products and services to customers via the 

internet. These people understand the digital age and remove the hassle of going to a physical store. 

Such entrepreneurship exists only online and is known as a virtual business. 

Ecommerce stores and over-the-top (OTT) entertainment platforms fall in the category of 

cyberpreneurship. 

CONCLUSION 

Entrepreneurs are people who establish a venture around innovation to change the world. 

Entrepreneurs are innovators capable of taking risks and possess specific skill sets like 

communication, leadership, business management and technical skills. Entrepreneurship is 

establishing, developing, organizing and managing a business venture while bearing any of its risks to 

generate profits. As there are different businesses, there are also many types of entrepreneurships. 
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ABSTRACT  

The present study investigates the ecological role of Labeo rohita (rohu) in nutrient cycling and 

sediment bioturbation within the Kasarwadi Reservoir. L. rohita, a benthopelagic omnivore, plays a 

crucial role in enhancing nutrient dynamics through its feeding, excretion, and sediment-disturbing 

activities. Field observations and sediment analyses were conducted to evaluate the effects of L. rohita 

on nutrient fluxes, particularly nitrogen (N) and phosphorus (P), between the sediment and overlying 

water column. The results indicated that bioturbation caused by L. rohita significantly increased 

sediment resuspension and enhanced the release of nutrients, thereby promoting primary productivity. 

This activity also improved oxygen penetration in benthic layers and facilitated organic matter 

decomposition. Overall, the study highlights L. rohita as an important ecosystem engineer contributing 

to the maintenance of nutrient balance and ecological productivity in Kasarwadi Reservoir. 

KEYWORDS  

nutrient cycling, bioturbation, benthic disturbance, phosphorus/nitrogen flux, ecosystem engineering 

INTRODUCTION 

Reservoir ecosystems represent dynamic environments where nutrient cycling and sediment 

interactions are key determinants of aquatic productivity and water quality. Among the various biotic 

factors influencing these processes, fish-mediated bioturbation plays a vital role in controlling nutrient 

regeneration and sediment structure. Labeo rohita, one of the most important Indian major carps, 

exhibits bottom-feeding and detritus-grazing habits that directly influence sediment composition and 

nutrient exchange. 

The activities of L. rohita such as sediment stirring, burrowing, and feeding resuspend fine particles and 

release nutrients trapped in the benthic layer into the water column. This enhances the availability of 

essential elements like nitrogen and phosphorus, which in turn support phytoplankton growth and 
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overall reservoir productivity. Furthermore, through excretion and biodeposition, L. rohita contributes 

to the recycling of organic matter and maintains ecological balance. 

Understanding the role of L. rohita in nutrient cycling and sediment bioturbation is essential for 

reservoir management and sustainable aquaculture practices. In Kasarwadi Reservoir, where L. rohita 

forms a dominant fish population, its ecological function extends beyond economic value to 

influencing nutrient dynamics and ecosystem health. This study aims to analyze the contribution of L. 

rohita to nutrient fluxes, benthic disturbances, and overall ecosystem engineering processes within the 

reservoir environment. 

MATERIALS AND METHODS 

Study Area 

The present study was conducted in Kasarwadi Reservoir, located in Beed District, Maharashtra, India. 

The reservoir serves as a multipurpose water body supporting fisheries, irrigation, and domestic use. It 

Is characterized by moderate depth, muddy-sandy bottom sediment, and a rich diversity of plankton 

and benthic fauna. The reservoir supports a stable fish population dominated by Labeo rohita, Catla 

catla, and Cirrhinus mrigala. Sampling sites were selected from different zones of the reservoir—

littoral, sub-littoral, and profundal regions—to ensure representative data collection. 

Study Period 

The study was carried out for a period of twelve months (January–December) to cover seasonal 

variations (pre-monsoon, monsoon, and post-monsoon) in water quality parameters, nutrient 

concentration, and bioturbation activity of Labeo rohita. 

Fish Sampling and Observation 

Specimens of Labeo rohita were collected monthly using cast nets and gill nets of different mesh sizes. 

Live fish were immediately transferred to aerated tanks for behavioral observation. 

Length and weight were measured to the nearest 0.1 cm and 0.1 g, respectively. 

The density and biomass of L. rohita were estimated using catch-per-unit-effort (CPUE) data. 

Feeding and sediment-disturbance behaviors were observed both in situ (field) and under controlled 

laboratory aquarium conditions. 

Sediment and Water Sampling 

Sediment samples were collected from the upper 10 cm layer using an Ekman dredge sampler. Water 

samples were simultaneously collected at 0.5 m above the sediment–water interface. 
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Sediment samples were analyzed for organic matter, total nitrogen (TN), and total phosphorus (TP) 

using standard APHA (2017) methods. 

Water samples were analyzed for dissolved oxygen (DO), pH, temperature, ammonia-N, nitrate-N, and 

phosphate-P concentrations. 

Bioturbation Experiment 

To assess the impact of L. rohita on sediment resuspension and nutrient flux: 

Laboratory microcosms (50 L aquaria) were set up with 10 cm sediment layer and reservoir water. 

L. rohita individuals (average weight 200–300 g) were introduced at different densities (1, 2, and 3 fish 

per aquarium). 

A control tank without fish was maintained. 

Water samples were collected at 0, 6, 12, and 24 hours to measure nutrient release (TN and TP) from 

sediments. 

Sediment disturbance intensity was visually recorded and quantified using turbidity (NTU) readings 

with a portable turbidimeter. 

Physico-Chemical Analysis 

All analyses followed the procedures recommended by APHA (2017) and Wetzel & Likens (2000). 

Parameters measured included: 

Water temperature (°C) – Mercury thermometer 

pH – Digital pH meter 

Dissolved oxygen (mg/L) – Winkler’s method 

Nitrate (mg/L) – Phenoldisulphonic acid method 

Phosphate (mg/L) – Stannous chloride method 

Organic matter (%) – Loss-on-ignition method 

Statistical Analysis 

Data were analyzed using Microsoft Excel and SPSS (Version 25). Mean, standard deviation (SD), and 

correlation coefficients were calculated to determine relationships between L. rohita activity and 

nutrient fluxes. One-way ANOVA was used to test seasonal and density-based differences in nutrient 

release and turbidity levels. Graphs and tables were prepared to visualize trends in nutrient cycling and 

sediment bioturbation. 

Tables 
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Table 1: Seasonal Variation in Physico-Chemical Parameters of Water in Kasarwadi Reservoir 

Season Temperature (°C) pH Dissolved Oxygen 
(mg/L) 

Nitrate (mg/L) Phosphate (mg/L) Organic Matter (%) Pre-Monsoon 
29.4 ± 1.5 7.8 ± 0.2 6.5 ± 0.3 0.45 ± 0.05 
0.08 ± 0.01 3.2 ± 0.4 Monsoon 27.2 ± 1.2 
7.4 ± 0.3 5.8 ± 0.4 0.60 ± 0.08 0.12 ± 0.02 
4.5 ± 0.6 Post-Monsoon 25.1 ± 1.0 7.6 ± 0.1 
7.1 ± 0.2 0.40 ± 0.06 0.07 ± 0.01 2.9 ± 0.3 

Observation: 

Nutrient concentrations were highest during the monsoon season, associated with runoff and 

sediment disturbance. DO was lowest during the monsoon due to turbidity and decomposition activity. 

Table 2: Sediment Composition and Nutrient Content at Different Sampling Sites 

Sampling Zone Organic Matter (%) Total Nitrogen 
(mg/g) 

Total Phosphorus 
(mg/g) 

Sediment Texture Littoral Zone 4.2 ± 0.5 1.85 ± 0.10 
0.32 ± 0.02 Sandy-silt Sub-littoral Zone 5.1 ± 0.6 
2.20 ± 0.12 0.38 ± 0.03 Silty-clay Profundal Zone 
6.3 ± 0.7 2.65 ± 0.15 0.44 ± 0.04 Clayey 

Observation: 

Higher nutrient accumulation occurred in deeper (profundal) sediments due to organic deposition and 

limited oxygenation. 

Table 3: Effect of Labeo rohita Density on Nutrient Release (Laboratory Microcosm Experiment) 

Turbidity (NTU) 
after 12 hrs 

Total Nitrogen 
Released 
(mg/L) 

Total 
Phosphorus 
Released 
(mg/L) 

Fish Density 
(No./Tank) 

DO (mg/L) 

Control (0) 8.4 ± 0.5 0.20 ± 0.02 0.05 ± 0.01 7.2 ± 0.3 
Low Density (1) 18.6 ± 1.0 0.35 ± 0.03 0.09 ± 0.01 6.5 ± 0.2 
Medium 
Density (2) 

27.8 ± 1.2 0.49 ± 0.05 0.13 ± 0.02 6.1 ± 0.3 

High Density 
(3) 

36.5 ± 1.5 0.62 ± 0.06 0.17 ± 0.02 5.6 ± 0.4 

Observation: 

Nutrient release and turbidity increased proportionally with L. rohita density, showing a strong 

bioturbation effect on sediment resuspension. 

Table 4: Correlation Between Labeo rohita Activity and Nutrient Parameters 
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Correlation 
Coefficient ® 

Parameters 
Compared 

Relationship 
Type 

Fish Density 
vs. Turbidity 

+0.94 

Strong Positive Fish Density vs. 
Nitrogen 
Release 

+0.91 Strong Positive Fish Density vs. 
Phosphorus 
Release 

+0.88 Strong Positive Turbidity vs. 
Dissolved 
Oxygen 

-0.86 Strong Negative 

Observation: 

A strong positive correlation exists between fish density and nutrient release, whereas turbidity 

negatively correlates with dissolved oxygen due to sediment resuspension and microbial oxygen 

demand. 

Calculations 

Given (from Table 3) 

Tank volume = 50 L 

Control (0 fish): NTU = 8.4, TN = 0.20 mg/L, TP = 0.05 mg/L, DO = 7.2 mg/L 

Low density (1 fish): NTU = 18.6, TN = 0.35 mg/L, TP = 0.09 mg/L, DO = 6.5 mg/L 

Medium density (2 fish): NTU = 27.8, TN = 0.49 mg/L, TP = 0.13 mg/L, DO = 6.1 mg/L 

High density (3 fish): NTU = 36.5, TN = 0.62 mg/L, TP = 0.17 mg/L, DO = 5.6 mg/L 

Measurements taken after 12 hours. 

1) Absolute and percent changes (vs control) 

Low density (1 fish) 

NTU increase (absolute) = 18.6 – 8.4 = 10.2 NTU 

NTU % increase = (10.2 / 8.4) × 100 = 121.428571…% → 121.43% 

TN increase (mg/L) = 0.35 – 0.20 = 0.15 mg/L 

TN % increase = (0.15 / 0.20) × 100 = 75.0% 

TP increase (mg/L) = 0.09 – 0.05 = 0.04 mg/L 

TP % increase = (0.04 / 0.05) × 100 = 80.0% 

DO decrease (absolute) = 7.2 – 6.5 = 0.7 mg/L 

DO % decrease = (0.7 / 7.2) × 100 = 9.72% 

Medium density (2 fish) 

NTU increase = 27.8 – 8.4 = 19.4 NTU 

NTU % increase = (19.4 / 8.4) × 100 = 230.95% 
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TN increase = 0.49 – 0.20 = 0.29 mg/L 

TN % increase = (0.29 / 0.20) × 100 = 145.0% 

TP increase = 0.13 – 0.05 = 0.08 mg/L 

TP % increase = (0.08 / 0.05) × 100 = 160.0% 

DO decrease = 7.2 – 6.1 = 1.1 mg/L 

DO % decrease = (1.1 / 7.2) × 100 = 15.28% 

High density (3 fish) 

NTU increase = 36.5 – 8.4 = 28.1 NTU 

NTU % increase = (28.1 / 8.4) × 100 = 334.52% 

TN increase = 0.62 – 0.20 = 0.42 mg/L 

TN % increase = (0.42 / 0.20) × 100 = 210.0% 

TP increase = 0.17 – 0.05 = 0.12 mg/L 

TP % increase = (0.12 / 0.05) × 100 = 240.0% 

DO decrease = 7.2 – 5.6 = 1.6 mg/L 

DO % decrease = (1.6 / 7.2) × 100 = 22.22% 

2) Total excess nutrient mass released from the tank (mg) 

Formula: excess (mg/L) × volume (L) = total excess (mg) 

Low density (1 fish) 

TN excess total = 0.15 mg/L × 50 L = 7.5 mg 

TP excess total = 0.04 mg/L × 50 L = 2.0 mg 

Medium density (2 fish) 

TN excess total = 0.29 mg/L × 50 L = 14.5 mg 

TP excess total = 0.08 mg/L × 50 L = 4.0 mg 

High density (3 fish) 

TN excess total = 0.42 mg/L × 50 L = 21.0 mg 

TP excess total = 0.12 mg/L × 50 L = 6.0 mg 

3) Nutrient release per fish per hour (mg · fish⁻¹ · h⁻¹) 

We measured after 12 hours. Formula: (total excess mg) ÷ (number of fish × 12 h) 

Low density (1 fish) 

TN per fish per hr = 7.5 mg ÷ (1 × 12 h) = 0.625 mg · fish⁻¹ · h⁻¹ 
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TP per fish per hr = 2.0 mg ÷ (1 × 12 h) = 0.166666… mg · fish⁻¹ · h⁻¹ → 0.1667 mg · fish⁻¹ · h⁻¹ 

Medium density (2 fish) 

TN per fish per hr = 14.5 mg ÷ (2 × 12) = 14.5 ÷ 24 = 0.6041666… mg · fish⁻¹ · h⁻¹ → 0.6042 mg · fish⁻¹ · h⁻¹ 

TP per fish per hr = 4.0 mg ÷ 24 = 0.166666… mg · fish⁻¹ · h⁻¹ → 0.1667 mg · fish⁻¹ · h⁻¹ 

High density (3 fish) 

TN per fish per hr = 21.0 mg ÷ (3 × 12) = 21.0 ÷ 36 = 0.583333… mg · fish⁻¹ · h⁻¹ → 0.5833 mg · fish⁻¹ · h⁻¹ 

TP per fish per hr = 6.0 mg ÷ 36 = 0.166666… mg · fish⁻¹ · h⁻¹ → 0.1667 mg · fish⁻¹ · h⁻¹ 

Note: TP per fish per hour is ~0.1667 mg·fish⁻¹·h⁻¹ at all densities (within rounding), indicating a roughly 

constant per-fish TP release in this experiment; TN per fish per hour shows a small decline as density 

rises (0.625 → 0.6042 → 0.5833 mg·fish⁻¹·h⁻¹), possibly due to nonlinear processes (e.g., reuptake, 

microbial processing, or measurement variability). 

4) Short interpretation (what these numbers mean) 

Bioturbation effect is strong: NTU and both TN and TP concentrations rise substantially with fish density 

(NTU increases >120% at 1 fish and >330% at 3 fish vs control). 

Nutrient pulses are measurable: In a 50 L tank over 12 h, each fish released ~0.58–0.63 mg TN per hour 

and ~0.167 mg TP per hour (excess over control). Scaled to field conditions, many fish could create 

substantial short-term nutrient fluxes. 

DO decline is notable: Dissolved oxygen dropped by ~9.7% (1 fish) up to ~22.2% (3 fish) after 12 h, 

consistent with turbidity-driven oxygen demand and microbial respiration. 

Per-fish TP release was very consistent across densities in this microcosm; TN per-fish rate showed a 

small decrease with increasing density, suggesting possible density-dependent processes. 

DISCUSSION 

The present investigation demonstrates the significant ecological role of Labeo rohita in regulating 

nutrient dynamics and sediment bioturbation within the Kasarwadi Reservoir. The findings revealed that 

L. rohita, through its bottom-feeding and sediment-disturbing activities, acts as a biological catalyst 

that accelerates the release of nutrients such as nitrogen and phosphorus from sediments into the 

overlying water column. 

In the laboratory microcosm experiments, nutrient release (total nitrogen and phosphorus) and 

turbidity levels increased consistently with rising fish density. The observed increase in turbidity from 

8.4 NTU in the control to 36.5 NTU in the high-density treatment (3 fish/tank) indicates a substantial 
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sediment resuspension caused by L. rohita. This behavior corresponds to benthic disturbance through 

foraging, where the fish dig into the substrate in search of detritus and benthic organisms. Such activity 

results in the physical loosening of sediment particles and resuspension of nutrient-rich detritus, 

enhancing the availability of nutrients in the water column. 

The study further showed a strong positive correlation between fish density and nutrient release (r = 

+0.91 for nitrogen and r = +0.88 for phosphorus). This positive relationship supports the concept that L. 

rohita serves as an ecosystem engineer, influencing nutrient cycling through direct mechanical and 

indirect biochemical pathways. The process of nutrient regeneration due to bioturbation enhances the 

primary productivity of the reservoir, especially in nutrient-limited conditions, by promoting 

phytoplankton growth. 

The per-fish nutrient release rate (0.58–0.63 mg TN·fish⁻¹·h⁻¹ and 0.16 mg TP·fish⁻¹·h⁻¹) calculated from 

experimental data indicates that even moderate populations of L. rohita can contribute considerably to 

internal nutrient loading. This aligns with studies on carp-dominated ecosystems, where bioturbation 

by bottom-feeding fish accelerates sediment-water nutrient exchange and organic matter 

mineralization (Vanni, 2002; Hölker et al., 2007). However, excessive bioturbation may increase 

turbidity and reduce dissolved oxygen, as indicated by the observed DO decline (up to 22% at high 

density). This suggests that there is a threshold density beyond which bioturbation may negatively 

impact benthic oxygen balance and water transparency. 

The seasonal variation observed in the reservoir (Table 1) also supports the influence of hydrological 

conditions on nutrient cycling. Higher concentrations of nitrates and phosphates during the monsoon 

correspond with increased runoff and sediment disturbance, while post-monsoon periods showed 

stabilization and higher dissolved oxygen levels. The combined effect of natural hydrodynamics and 

biological activity of L. rohita maintains the nutrient turnover and productivity balance of the reservoir. 

In conclusion, Labeo rohita plays a dual role in Kasarwadi Reservoir: 

Enhancing nutrient recycling by mobilizing benthic nutrients to the pelagic zone, and 

Modifying sediment structure through bioturbation, influencing oxygen dynamics and water turbidity. 

These findings highlight the necessity of considering fish-mediated nutrient cycling in reservoir 

management and aquaculture planning. Maintaining an optimal L. rohita population density could 

support sustainable productivity without compromising water quality. Future research should include 

in-situ measurements of nutrient flux, stable isotope analysis, and ecosystem modeling to quantify the 
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long-term contribution of L. rohita to nutrient budgets and overall ecosystem functioning in freshwater 

reservoirs. 

RESULTS 

The results of the present study on the role of Labeo rohita in nutrient cycling and sediment bioturbation 

in the Kasarwadi Reservoir are presented below through field observations and laboratory experiments. 

The findings highlight clear seasonal and density-dependent variations in water quality, sediment 

composition, and nutrient release dynamics. 

1. Seasonal Variation in Physico-Chemical Parameters 

The analysis of water quality revealed that temperature, pH, and dissolved oxygen (DO) varied 

seasonally (Table 1). 

The temperature ranged from 25.1°C (post-monsoon) to 29.4°C (pre-monsoon), reflecting normal 

climatic fluctuations. 

The pH remained near neutral to slightly alkaline (7.4–7.8), suitable for carp productivity. 

Dissolved oxygen was highest during the post-monsoon period (7.1 mg/L) and lowest during monsoon 

(5.8 mg/L), indicating the influence of organic load and runoff. 

Nutrient concentrations, particularly nitrate (0.60 mg/L) and phosphate (0.12 mg/L), peaked during 

monsoon due to enhanced sediment input and biological activity. 

The organic matter content of water increased during monsoon (4.5%), indicating a high rate of organic 

deposition. 

These results show that the monsoon season promotes maximum nutrient enrichment and biological 

productivity in the reservoir. 

2. Sediment Composition and Nutrient Distribution 

Sediment analysis showed significant differences among zones (Table 2). 

The profundal zone had the highest organic matter (6.3%), total nitrogen (2.65 mg/g), and total 

phosphorus (0.44 mg/g) compared to the littoral and sub-littoral zones. 

The sediment texture changed from sandy-silt in shallow regions to clayey in deeper zones, favoring 

nutrient accumulation. 

This pattern indicates that deeper sediments serve as major nutrient sinks, which can be re-mobilized 

through fish bioturbation. 

3. Laboratory Experiment: Effect of Fish Density on Nutrient Release 
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Controlled microcosm experiments clearly demonstrated that nutrient release and turbidity increased 

with fish density (Table 3). 

Turbidity increased from 8.4 NTU (control) to 36.5 NTU (high density), showing more than a 330% rise 

due to sediment disturbance by L. rohita. 

Total nitrogen (TN) release increased from 0.20 mg/L (control) to 0.62 mg/L (high density), while total 

phosphorus (TP) increased from 0.05 mg/L to 0.17 mg/L. 

Correspondingly, dissolved oxygen decreased from 7.2 mg/L to 5.6 mg/L, indicating an oxygen demand 

generated by increased turbidity and microbial activity. 

Calculated data showed that each fish released approximately 0.58–0.63 mg TN·fish⁻¹·h⁻¹ and 0.16 mg 

TP·fish⁻¹·h⁻¹, suggesting that L. rohita significantly enhances internal nutrient recycling even at 

moderate population densities. 

4. Correlation Analysis 

The correlation coefficients between fish density and biogeochemical parameters (Table 4) showed: 

Strong positive correlation between fish density and turbidity (r = +0.94), nitrogen release (r = +0.91), 

and phosphorus release (r = +0.88). 

Negative correlation between turbidity and dissolved oxygen (r = −0.86), confirming that sediment 

resuspension reduces oxygen availability in the water column. 

This statistical relationship confirms that L. rohita activity directly influences nutrient mobilization and 

sediment–water interactions in Kasarwadi Reservoir. 

5. Overall Findings 

The nutrient concentration and turbidity were directly proportional to L. rohita density, confirming its 

role as a bioturbator and nutrient recycler. 

Oxygen depletion occurred at higher fish densities, suggesting a balance must be maintained between 

productivity enhancement and water quality. 

The per-fish nutrient release rate and correlation values support the hypothesis that L. rohita acts as an 

ecosystem engineer, influencing the biogeochemical stability of the reservoir. 

CONCLUSION 

The present study clearly establishes that Labeo rohita plays a vital ecological role in nutrient cycling 

and sediment bioturbation within the Kasarwadi Reservoir. Through its bottom-feeding and 
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detritivorous behavior, L. rohita actively disturbs sediments, thereby facilitating the upward flux of 

essential nutrients such as nitrogen and phosphorus from the benthic zone into the water column. 

Laboratory microcosm experiments and field data together demonstrate that increasing fish density 

significantly enhances turbidity and nutrient release, confirming the strong influence of bioturbation on 

nutrient regeneration. A positive correlation between fish density and nutrient concentration, and a 

negative correlation with dissolved oxygen, further support the interdependence between fish activity 

and water quality dynamics. 

These results indicate that L. rohita functions as an ecosystem engineer, improving nutrient availability 

for primary producers and contributing to the overall productivity of the reservoir. However, excessive 

density of L. rohita may lead to oxygen depletion and reduced water clarity, implying the need for 

maintaining an optimal fish population to balance productivity and ecological health. 

In conclusion, the study emphasizes that controlled management of L. rohita populations can enhance 

nutrient recycling efficiency and maintain ecological stability in freshwater reservoirs. Future work 

should focus on long-term monitoring of nutrient budgets, fish biomass estimation, and modeling of 

nutrient fluxes to support sustainable aquaculture and reservoir management strategies. 
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ABSTRACT  

Self-efficacy is a person's belief in his / her own potential or abilities to perform a specific task 

successfully.  It plays a crucial role in the accomplishment of goals, it influences an individual's 

confidence and academic achievement. The present study explores the self efficacy of students at the 

senior secondary level on the basis of their gender. A descriptive research design was used, also a 

survey was conducted to collect the data of 60 students studying in government and private schools 

using random sampling technique. The analysis revealed there is no difference in the self efficacy of 

male and female students. These results indicate this will increase the self confidence of female 

students and opportunities to learn and safe school environment can enhance a student's self belief. 

KEYWORDS  

Self efficacy, Senior secondary students, male and female students 

INTRODUCTION  

Education is the most important medium for the acquisition of skills and knowledge. It brings positive 

changes in human life as it helps to enhance skills, knowledge and intelligence of a person. Thus, it 

becomes a powerful tool which assists him to lead a successful life. It aims at the human capital 

formation. It is a process of enlighten and empowerment for the attainment of better and higher quality 

of life. Sound and effective system of education results in actualization of learners' potentialities, 

strengthening of their competencies and enrichment of their talents, interests, values and abilities.  

A person can increase knowledge and expand his vision through education. It equips the students with 

relevant expertise, information, awareness and values to enable them to participate in national and 

global development. Education at all levels constitutes the basic foundation which develops intrinsic 

and extrinsic qualities among students. The significant contribution of education is that it plays a 

dynamic role to channelize the future scholastic route and enable an individual to choose career 

options of his life. The primary goal of education is to provide young people with a variety of tools with 
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which they can realistically plan their future. The future of the students is determined at the secondary 

school stage which is considered to be the most important phase of education when the students are 

at the verge of making career choices. They face utmost difficulty in career choice as they may be 

tempted to choose either the most prestigious job or they will prefer a job with highest financial benefit 

ignoring their interests, motives, abilities, aptitude and aspirations. This may lead to perpetual misery 

as with the wrong choice of career they may not get optimum growth in their life.  

Self-Efficacy is an important factor in the accomplishment of goals. A person who has confidence in 

his skills with no self-doubt, he will possess a sense of being and will be sufficiently prepared for 

challenges. A group of researchers have found that we are motivated throughout our lives by perceived 

Self-Efficacy rather than by objective ability and our perceptions deeply affect both our affective states 

and our behaviors. The relationship between Self-Efficacy and career choice can be presented as the 

beliefs or confidence in one’s capabilities to successfully engage in the activities of selection and 

planning of occupational goal, gathering information regarding professional courses and occupations, 

planning for future and self-evaluation of abilities and values.  

At the senior secondary school level, students are generally in adolescence. Due to biological changes 

and social pressures during this stage, they often experience uncertainties about their future. A 

significant change can also be observed in one important aspect of their behaviour namely, their self-

efficacy. Owing to the characteristics of adolescence, many questions arise in their minds regarding 

their sense of self. The present research study examines the self-efficacy of students at the senior 

secondary level on the basis of gender and attempts to determine the extent to which gender influences 

their self-efficacy. 

LITERATURE REVIEW 

Balani & Bhatt (2024) This dissertation explores the developmental pathways of young adults aged 18–

25, with focusing on the inter relationship between self-efficacy, persistence, and professional 

aspirations. Findings are intended to contribute to career development psychology and provide 

practical guidance for educators 

Gayatri A (2024) This study investigates self-efficacy among intermediate students with respect to 

gender, locality, and management. The results showed that gender has some significant effect on self-

efficacy, locality does not have a significant effect on self-efficacy, and management does not 

significantly influence self-efficacy among intermediate students. 
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Saichampuii Sailor, et. al, (2019) This study examines the relationship between social provision, self-

efficacy, and stress in adolescents. In conclusion, social support is vital for mental health, and 

promoting it can improve self-efficacy. one's ability to succeed can help counteract stress, as 

individuals with high self-confidence are better equipped to handle life's challenges. 

STATEMENT OF PROBLEM 

“A study of Self-Efficacy of senior Secondary school students on the basis of their gender” 

Objectives of the study- 

1. To find out the significance difference between Self -efficacy of male and female students. 

Delimitations of the study- 

1. The study was delimited to government and private school students of 12th class in Champawat 

district of Uttarakhand. 

2. The schools undertaken for the present study were affiliated to Uttarakhand school education 

board or Central board of secondary education.  

3. The career aspiration was analysed in the context of gender (Male/Female) 

4. The study was limited in its area, methods and techniques. 

Research Hypothesis- 

1. There is no significance difference between self-efficacy of male and female students. 

METHOD AND PROCEDURE 

The present study, “A study of Self-Efficacy of senior Secondary school students on the basis of 

their gender” is descriptive research and is also exploratory in nature. In the present study, the survey 

approach has been used which is one of the commonly used approach. The study aims to explore the 

difference between career aspiration of students in government and private schools. 

Structure of the Sample- 

The present investigation random sampling technique was used to select the sample. The school was 

selected from govt. and private sector of Champawat district. The structure of sample has been 

represented in following research design.  

  

 

 

 

Total Sample 
(N=60)

Male

=30

Female

=30
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Tools Used- 

Self-Efficacy scale by Mathur and Bhatnagar. 

Statistical Techniques Used-   

The following statistical techniques will be used to analyze the data:  

• Mean - following formula used for calculating the mean- 

  Mean= Sum of all data points/ Number of data points 

• Standard Deviation- following formula used for calculating the standard deviation- 

  S.D.(σ) = √∑(X- X¯)^2/N 

 Here,   X = each value in the data set. 

  X bar= mean of all values in the data set 

  N= number of value in the data set  

• t- test – following formula used for calculating the t-value- 

  T= M1-M2 / √{(∑d1^2+++∑d2^2)/(N1+N2-2)} √{(N1+N2/N1N2)} 

Here,   M1= mean of first variable 

M2= mean of second variable 

N1= number of items in first variable 

N2= number of items in second variable 

d1= x1-m1 

d2=x2-m2 

Data collection-  

The data collection is the important process in any work to arrive at the correct and proper decision 

about the hypothesis. In this chapter the data collection of career aspiration and self-efficacy of 

intermediate have been described. 

Schedule for data collection- (TABLE) 

S.N. Name of school Date  Total 

01 G.I.C. Tamli 06-10-2025 30 

 

02 Mallikarjun school champawat 09-11-2025 30 
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On the first in each school orientation talk was given to acquaint the research with psychological testing 

and the research project. The test administration started and students were given questionnaire to 

complete it as per the given instruction in the manual. 

ANALYSIS AND INTERPRETATION OF DATA 

Hypothesis 1 There is no significance difference between self efficacy of male and female 

students. 

Table: Mean, SD and ‘t’ value self efficacy of male and female students- 

 

 N Mean SD ‘t’value Remarks 

Male students 30 71.20 
 

6.18 
 

 
2.45 

Non Significant even at 
0.05 Level and significant 
at 0.01 level Female 

Students 
30 72.67 

 
5.14 
 

 

For, 

Degree of freedom=58 Required at 0.05 level= 2.00  

And at 0.01 level=2.66 

Significant or non-significant = Non-significant at 0.05 Level and significant at 0.01 level 

It is evident from table ‘4.4’ that the mean score of self-efficacy of government and private school 

students were obtained 71.20 and 72.67 respectively the corresponding SD values were found to be 

6.18 and 5.14 respectively the obtained ‘t’ value is 2.45 which is greater than the required value of ‘t’ at 

0.05 level of significant. Hence null hypothesis was rejected and it was conclude that there was 

significance difference between self efficacy of male and female students. But on the other hand 

theobtained value of ‘t’ is less than the required value of ‘t’ at 0.01 level of significant. Hence null 

hypothesis was accepted and it was conclude that there was no significance difference between self 

efficacy of male and female students. 

FINDINGS OF THE STUDY 

The investigator, after analysis, interpretation and discussion on the results, arrivedat the following 

conclusion:- 
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i) There was significant difference between self-efficacy of male and female students at 0.05 

level of significance and Therewas no significant difference in self efficacy of male and female 

studentsat 0.01levelofsignificance. 

Implications- 

On the basis of findings there may be some implication as follows. 

i) There is no difference in the self-efficacy of male and female students, so this can increase the 

self-confidence and strengthen work efficiency of female students to get their dream job. 
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ABSTRACT  

The works of Sudha Murthy are widely recognized for their portrayal of human values and inspirational 

themes. Her stories often focus on family relationships, cultural traditions, and ethical dilemmas that 

reflect everyday life in Indian society. The present article examines the representation of human values 

in five selected works: The Mother I Never Knew, Grandma’s Bag of Stories, Gently Falls the Bakula, The 

Old Man and His God, and The Magic of the Lost Temple. 

The article explores how Murthy presents moral values such as empathy, humility, and perseverance 

through engaging narratives. By using qualitative textual analysis, the study demonstrates that Murthy’s 

storytelling serves as a medium for moral education and inspirational reflection. 

KEYWORDS  

Human Values, Motivation, Cultural Traditions, Indian English Literature, Ethical Education 

INTRODUCTION  

Literature plays an important role in shaping social attitudes and moral values. In contemporary Indian 

English literature, several writers have explored themes related to social change and human 

relationships. Among them, Sudha Murthy has gained recognition for her ability to communicate ethical 

insights through simple narratives. 

Murthy’s works often portray the experiences of ordinary individuals whose lives reveal important 

lessons about compassion, humility, and perseverance. Her stories encourage readers to reflect upon 

their own values and responsibilities. 

FAMILY RELATIONSHIPS IN MURTHY’S NARRATIVES 

Family relationships are a central theme in Murthy’s writings. In The Mother I Never Knew, the 

protagonist’s search for his biological mother represents a profound emotional journey. The story 

highlights themes of identity, forgiveness, and reconciliation. 
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Similarly, Gently Falls the Bakula portrays the emotional distance that develops between a husband 

and wife as career ambitions take precedence over personal relationships. Through this narrative, 

Murthy emphasizes the importance of maintaining emotional balance in life. 

CULTURAL TRADITIONS AND MORAL EDUCATION 

Murthy’s literature also reflects the cultural traditions and moral values of Indian society. In Grandma’s 

Bag of Stories, storytelling becomes a powerful medium for transmitting ethical lessons to younger 

generations. 

Similarly, The Magic of the Lost Temple highlights the importance of curiosity, exploration, and 

appreciation for cultural heritage. 

These narratives demonstrate Murthy’s belief that literature can play a significant role in preserving 

cultural values and promoting moral education. 

INSPIRATIONAL NARRATIVES 

In The Old Man and His God, Murthy shares several real-life experiences that reveal the complexities of 

human behavior. Some stories illustrate acts of generosity and compassion, while others highlight 

moral dilemmas faced by individuals. 

Through these narratives, Murthy encourages readers to develop empathy and ethical awareness. 

CONCLUSION 

The selected works illustrate that the literature of Sudha Murthy serves as an important source of 

inspiration and moral reflection. Her stories emphasize the significance of compassion, humility, and 

cultural awareness. 

Murthy’s writings demonstrate that simple narratives can convey profound ethical insights and 

motivate readers to lead responsible and meaningful lives. 
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CROSSES OF SILKWORM (BOMBYX MORI L.) UNDER DIFFERENT SEASONAL CONDITIONS OF 

TROPICS 
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ABSTRACT  

The present investigation was carried out to evaluate the seasonal performance of newly developed 

multivoltine foundation crosses of silkworm (Bombyx mori L.) under tropical conditions. Six foundation 

crosses, viz., PM × MO6, PM × ND10, HB4 × MO6, HB4 × PM, ND10 × PM and NDV6 × PM, along with PM 

(control), were reared during pre-monsoon, monsoon and post-monsoon seasons following 

recommended practices of the Central Silk Board. The experiment was conducted in a complete 

randomized design with three replications and evaluated for important economic traits. The results 

indicated a significant influence of seasonal variation on most traits, with overall superior performance 

recorded during the monsoon season due to favorable environmental conditions. Among the crosses, 

HB4 × PM recorded the highest cocoon weight (1.537 g), shell weight (0.292 g) and larval weight (4.26 

g), indicating superior productivity. PM × ND10 exhibited higher shell ratio (19.03%) and consistent 

performance across seasons, while PM × MO6 showed maximum filament length (546 m). NDV6 × PM 

recorded higher effective rate of rearing (93.87%) and pupation rate (94.22%), reflecting better 

adaptability and survival. The other hybrids studied were also showed higher values for one or other 

traits in different seasons along with HB4 × PM, PM × ND10 and NDV6 × PM indicating their suitability 

for future breeding strategies and commercial utilization in tropical conditions. 

KEYWORDS  

Bombyx mori L., multivoltine foundation crosses, seasonal performance, tropical conditions, 

economic traits  

INTRODUCTION  

Sericulture is an important agro-based rural industry contributing significantly to employment 

generation and economic development, particularly in tropical countries like India. The mulberry 
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silkworm, Bombyx mori L., is the principal species used for silk production, and its productivity 

depends largely on the genetic potential of the breed and prevailing environmental conditions 

(Krishnaswami, 1978; Datta, 1984). 

In India, multivoltine silkworm races are widely reared due to their adaptability to tropical climatic 

conditions, resistance to diseases, and tolerance to environmental stress. However, these races 

generally produce inferior silk quality compared to bivoltine races. To overcome this limitation, breeding 

strategies have focused on the development of improved multivoltine foundation crosses, which serve 

as potential parental lines for hybrid development combining adaptability with enhanced productivity 

(Basavaraja et al., 1995; Datta, 2000). 

The Central Silk Board (CSB), Government of India, has played a crucial role in the evolution and 

evaluation of silkworm breeds suited for different agro-climatic conditions. Research efforts at 

institutes such as CSR&TI, Mysore, have led to the development and field evaluation of several 

multivoltine and crossbreed lines for tropical sericulture. These studies emphasize the importance of 

systematic evaluation of foundation crosses to identify stable and high-performing genotypes (Rao et 

al., 2006; CSB, 2015). 

Seasonal variation is one of the most important factors influencing silkworm rearing in tropical regions. 

Fluctuations in temperature, humidity, and rainfall across pre-monsoon, monsoon, and post-monsoon 

seasons significantly affect larval growth, cocoon yield, and silk quality. Several studies have reported 

that silkworm performance varies widely across seasons due to genotype × environment interactions 

(Rahmathulla et al., 2003; Kumaresan et al., 2007). Therefore, seasonal evaluation is essential to 

identify stable breeds suitable for commercial exploitation. 

Evaluation of newly developed multivoltine foundation crosses under different seasonal conditions 

provides valuable insights into their adaptability, stability, and economic performance. Important 

economic traits such as larval duration, cocoon weight, shell weight, shell ratio, pupation rate, and 

filament length are key indicators for assessing silkworm performance (Krishnaswami et al., 1973; 

Narayanaswamy et al., 1991).In this context, the present study aims to conduct a seasonal evaluation 

of newly developed multivoltine foundation crosses of silkworm (Bombyx mori L.) under tropical 

sericultural conditions to identify stable and high-yielding lines suitable for tropical environments. 

MATERIALS AND METHODS 
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The present investigation was carried out to evaluate the seasonal performance of newly developed 

multivoltine foundation crosses of silkworm (Bombyx mori L.) under tropical conditions. 

The experiment was conducted in a Complete Randomized Design (CRD) with three replications during 

three distinct seasons; Pre-monsoon (March–May): High temperature (28–32°C) and low humidity; 

Monsoon (June–September): Moderate temperature (24–28°C) and high humidity and Post-monsoon 

(October–February): Moderate temperature (22–26°C) with stable conditions.This seasonal 

classification follows standard protocols recommended by the Central Silk Board (CSB, 2020). 

Characteristic features of newly developed multivoltine foundation crosses 

Six multivoltine foundation crosses (PM × MO6, PM × ND10, HB4 × MO6, HB4 × PM, ND10 × PM, NDV6 

× PM) along with PM (control) revealed the distinctive characteristics features characterized by having 

plain larvae and light-yellow coloured oval shaped cocoons. (Table 1). 

Silkworm rearing was conducted as per standard practices recommended by CSB and Food and 

Agriculture Organization (FAO, 2003). Larvae were fed with fresh mulberry leaves (V1, G2 and G4) and 

maintained under season-specific environmental conditions. 

Observations of economic traits 

The following economic traits were recorded: fecundity, hatching percentage, larval weight, larval 

duration, effective rate of rearing (ERR), cocoon weight, shell weight, shell ratio, pupation percentage, 

filament length and denier (table 2). 

Statistical analysis 

The data were subjected to analysis of variance (ANOVA) to test the significance of variation among the 

crosses. Standard statistical parameters such as F-value, Standard Error (SE), Critical Difference (CD) 

and Coefficient of Variation (CV) were calculated following Panse and Sukhatme (1985). 

RESULTS AND DISCUSSION 

The performance of six multivoltine foundation crosses of Bombyx mori was systematically evaluated 

for important economic traits under tropical rearing conditions, and three different seasons are 

presented in (Table 2). 

Table 1. Characteristics features of isolated multivotltine foundation crosses 

Sl 
no 

Foundation 
cross 

Voltinism Larval 
characters 

Cocoon colour and shape 

1 (PM X MO6) Multivoltine Plain larvae light yellow/ oval cocoon 
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2 (PM X ND10) Multivoltine Plain larvae light yellow/ oval cocoon 

3 (HB4 XPM) Multivoltine Plain larvae light yellow/ oval cocoon 
4 (HB4 X MO6) Multivoltine Plain larvae light yellow/ oval cocoon 
5 (ND10 X PM) Multivoltine Plain larvae light yellow/ oval cocoon 
6 (NDV6 X PM) Multivoltine Plain larvae light yellow/ oval cocoon 

Table 2. Rearing and reeling performances of the short listed multivoltine foundation crosses in 

different seasons 

Breeds 
Fecundity Hatching% Larval wt.(g) Larval duration               (D) 

Pre-
monsoon 

monsoon 
Post-

monsoon 
Pre-

monsoon 
monsoon 

Post-
monsoon 

Pre-
monsoon 

monsoon 
Post-

monsoon 
Pre-

monsoon 
monsoon 

Post-
monsoon 

PM X 
MO6 

453±7.31 
470±11.0

2 
467±11.0

5 
92.75±1.19  

91.81±1.05 
 

91.13±0.87 
 

3.47±0.0
9 

4.07±0.0
3 

3.58±0.02 22±1.21 23±1.21 24±1.21 

PM X 
ND10 

442±13.0
2 

480±9.56 460±12.9
8 

92.77±1.13  
93.20±1.01 
 

92.49±1.06 
 

3.66±0.0
1 

4.17±0.0
7 

3.90±0.07 23±1.21 23±1.21 22±1.21 

HB4 X 
MO6 

456±14.3
8 

492±12.1
4 

481±12.9
1 92.49±1.33  

89.22±1.91 
 

91.82±1.10 
 

3.80±0.0
7 

3.67±0.0
3 3.84±0.02 21±1.53 23±1.53 22±1.53 

HB4 X 
PM 

447±9.62 446±12.8
6 

456±10.1
4 

91.91±0.93  
93.28±0.65 

 
89.71±1.17 

 
3.57±0.0

4 
4.26±0.0

2 
3.62±0.02 22±0.34 23±0.34 22±0.34 

ND10 X 
PM 

450±10.7
4 

483±3.61 490±9.29 92.55±1.74  
93.32±0.56 

 
92.83±1.08 

 
3.57±0.0

5 
3.24±0.0

7 
3.70±0.11 21±3.61 23±3.61 23±3.61 

NDV6 X 
PM 

431±10.7
3 

467±2.31 458±9.91 93.30±0.62  
92.35±0.63 

 
92.66±1.11 

 
3.69±0.0

2 
3.11±0.1

5 
3.93±0.04 22±1.56 24±1.56 23±1.56 

PM                         
(contro
) 

441±12.2
5 

439±3.38 426±7.81 92.14±0.94  
94.28±0.21 

 
90.91±1.18 

 
3.12±0.1

2 
3.26±0.0

2 
3.17±0.01 26±0.27 27±0.27 28±0.27 

F-Test NS NS NS NS 0.004 NS ** NS ** * * * 

C.D. N/A N/A N/A N/A 0.019 N/A 0.21 0.217 0.159 N/A N/A N/A 

SE(m) 11.356 8.907 10.728 1.172 0.006 1.083 0.069 0.071 0.052 5.61  5.61  5.61  

SE(d) 16.06 12.596 15.171 1.658 0.009 1.532 0.097 0.1 0.073 1.80 1.80 1.80 

C.V. 4.421 3.538 4.269 2.224 4.335 2.053 3.238 3.324 2.394 2.55 2.55 2.55 

 

Breeds 

 
ERR (%) 

 

 
Pupation Rate (%) 

 
Cocoon weight (g) 

 
Shell weight (g) 

Pre-
monsoon 

monsoon Post-
monsoon 

Pre-
monsoon 

monsoon Post-
monsoon 

Pre-
monsoon 

monsoon Post-
monsoon 

Pre-
monsoon 

monsoon Post-
monsoon 

PM X 
MO6 

91.80±0.23 
 

92.00±1.
06 

 

91.27±0.71 
 

92.51±0.
71 

 

93.99±0.
17 

 

92.51±0.
46 

 

1.250±0.
04 

1.465±0.
01 

1.290±0.
01 

0.224±0.
01 

0.274±0.
01 

0.236±0.
01 

PM X 
ND10 

91.27±0.71 
 

92.00±0.
69 

 

91.60±0.69 
 

90.21±0.
55 

 

92.89±0.
18 

 

93.28±0.
22 

 

1.320±0.
00 

1.502±0.
03 

1.430±0.
00 

0.246±0.
01 

0.284±0.
01 

0.272±0.
01 
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HB4 X 
MO6 

91.60±0.46 
 

91.93±0.
74 

 

92.13±0.81 
 

93.98±0.
11 

 

92.72±0.
90 

 

93.04±0.
35 

 

1.370±0.
03 

1.322±0.
01 

1.390±0.
00 

0.249±0.
01 

0.240±0.
01 

0.261±0.
01 

HB4 X PM 

92.80±0.83 
 

92.93±0.
96 

 

91.33±0.88 
 

93.01±0.
46 

 

94.00±0.
38 

 

91.28±0.
64 

 

1.270±0.
01 

1.537±0.
01 

1.310±0.
01 

0.231±0.
00 

0.292±0.
01 

0.238±0.
01 

ND10 X 
PM 

91.27±0.48 
 

91.60±0.
23 

 

91.60±0.99 
 

91.26±0.
55 

 

93.41±0.
62 

 

94.18±0.
46 

 

1.290±0.
02 

1.357±0.
03 

1.360±0.
03 

0.236±0.
00 

0.254±0.
01 

0.250±0.
01 

NDV6 X 
PM 

92.13±0.35 
 

92.40±0.
23 

 

93.87±0.35 
 

94.22±0.
19 

 

92.81±0.
36 

 

92.75±0.
62 

 

1.330±0.
01 

1.311±0.
05 

1.420±0.
02 

0.238±0.
01 

0.249±0.
01 

0.269±0.
01 

PM                          
(contro) 

90.47±0.58 
 

91.33±0.
35 

 

89.80±1.01 
 

91.37±0.
62 

 

92.15±0.
30 

 

90.47±0.
52 

 

1.220±0.
03 

1.201±0.
01 

1.180±0.
00 

0.202±0.
01 

0.196±0.
01 

0.200±0.
01 

F-Test ** NS ** NS * NS NS NS NS 0.004 0.000 0.001 

C.D. 1.698 N/A N/A 1.53 1.47 1.49 0.064  0.078  0.041  0.019 0.017 0.01 

SE(m) 0.554 0.687 0.804 0.50 0.48 0.49 0.021 0.026  0.013 0.006 0.006 0.003 

SE(d) 0.784 0.972 1.137 0.71 0.68 0.69 0.029 0.036 0.019  0.009 0.008 0.005 

C.V. 1.05 1.30 1.52 0.94 0.89 0.91 2.721 3.33  1.714 4.335 4.126 2.339 

 

Breeds 

 
Shell Ratio (%) 

 
Filament length (m) 

Denier 

Pre-
monsoon 

monsoon 
Post-

monsoon 
Pre-

monsoon 
monsoon 

Post-
monsoon 

Pre-
monsoon 

monsoon 
Post-

monsoon 

PM X MO6 
17.93±0.2

9 
 

18.68±0.4
6 
 

18.26±0.1
3 
 

505±8.19 546±3.76 524±3.93 2.23±0.0
2 

2.33±0.0
1 

2.20±0.0
1 

PM X ND10 

18.58±0.1
8 
 

18.91±0.1
1 
 

19.03±0.1
0 
 

511±3.61 545±3.28 538±1.45 2.28±0.0
2 

2.35±0.0
2 

2.31±0.0
2 

HB4 X MO6 

18.23±0.1
1 
 

18.12±0.2
2 
 

18.75±0.0
9 

 
508±3.51 513±3.51 516±2.96 

2.12±0.0
1 

2.21±0.0
1 

2.11±0.0
2 

HB4 X PM 

18.13±0.0
8 
 

19.02±0.1
3 
 

18.24±0.1
0 
 

515±2.89 535±4.51 532±8.74 
2.28±0.0

2 
2.22±0.0

1 
2.31±0.0

1 

ND10 X PM 

18.37±0.3
1 
 

18.71±0.4
3 
 

18.45±0.2
9 
 

503±2.85 525±5.77 538±1.53 
2.32±0.0

2 
2.38±0.0

9 
2.33±0.0

1 

NDV6 X PM 

17.88±0.2
6 
 

18.34±0.5
4 
 

18.93±0.1
9 
 

519±4.93 540±4.58 532±4.16 
2.21±0.0

1 
2.25±0.0

5 
2.31±0.0

2 

PM                          
(control) 

16.55±0.3
4 
 

16.30±0.1
0 
 

16.90±0.1
5 
 

418±4.63 433±2.73 451±6.17 1.89±0.0
1 

1.98±0.0
5 

1.93±0.0
1 
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Note: Significance,    NS : No significance,  ±: Standard Error(), Significance @ 0.005% 

Fecundity: Fecundity ranged from 431 to 492 eggs, with relatively higher values during the monsoon 

season, particularly in HB4 × MO6 (492 eggs) and ND10 × PM (483 eggs). However, the differences were 

found to be non-significant, indicating that fecundity is relatively stable across seasons and largely 

governed by genetic factors. Favorable climatic conditions during monsoon may enhance reproductive 

physiology but do not significantly alter fecundity. Similar stability in fecundity across seasons has been 

reported by Suresh Kumar et al., (2011), and also emphasized in breeding evaluations by the Central 

Silk Board (CSB, 2020). 

Hatching Percentage: Hatching percentage remained consistently high (>90%) across all crosses and 

seasons, with significant variation observed during the monsoon season. The highest hatching 

percentage was recorded in HB4 × PM (93.28%). High humidity during monsoon favors embryonic 

development and prevents desiccation of eggs. This observation is in agreement with the findings of the 

Food and Agriculture Organization (FAO, 2003) and Suresh Kumar et al., (2019), who reported that 

optimal environmental conditions enhance egg viability and hatching success. 

Larval Weight: Larval weight showed highly significant variation across seasons, with maximum values 

recorded during the monsoon season, especially in HB4 × PM (4.26 g) and PM × ND10 (4.17 g). The 

increased larval weight during monsoon may be attributed to improved mulberry leaf quality and 

favorable temperature and humidity. Lower values during pre- and post-monsoon seasons may be due 

to environmental stress. Similar findings were reported by Rahmathulla et al., (2003) and Kumaresan et 

al., (2007), who emphasized the role of climatic factors in larval growth and metabolism. 

Larval Duration: Larval duration was shorter in improved crosses (21–24 days) across all the seasons 

in hybrids compared to control (26–28 days), indicating better feed utilization efficiency. Significant 

seasonal variation was observed, with shorter duration during monsoon and slightly prolonged duration 

during post-monsoon. Environmental stress conditions tend to delay larval development. These 

F-Test 0.232 0.000 0.012 NS NS NS ** NS ** 

C.D. N/A 1.012 0.503 14.39 12.65 14.66 N/A 0.13 N/A 

SE(m) 0.244 0.331 0.164 4.70 4.13 4.79 0.01 0.04 0.01 

SE(d) 0.345 0.467 0.232 6.65 5.84 6.77 0.02 0.06 0.02 

C.V. 2.315 3.325 1.533 1.62 1.49 1.63 13.56 2.91 13.56 
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findings are in line with Kumaresan et al., (2007) and Singh et al., (2018), who reported that temperature 

and humidity significantly influence larval duration in Bombyx mori L. 

Effective Rate of Rearing (ERR %): ERR ranged from 90–93%, with significant differences observed 

across seasons. The highest ERR was recorded in NDV6 × PM (93.87%), indicating better adaptability 

and survival. Monsoon season showed comparatively higher ERR due to favorable environmental 

conditions, whereas pre-monsoon recorded slightly lower values due to heat stress. Similar 

observations were reported by the Central Silk Board (CSB, 2020), which highlights ERR as a key 

parameter for evaluating field performance. 

Pupation Rate: Pupation rate remained consistently high (>90%) across all crosses, with NDV6 × PM 

(94.22%) and HB4 × PM (94.00%) showing superior performance. Seasonal differences were minimal, 

indicating strong genetic control over pupation. However, slight improvement during monsoon suggests 

environmental influence. Similar trends were reported by Suresh Kumar et al., (2011). 

Cocoon Weight: Cocoon weight showed significant variation across seasons, with the highest value 

observed in HB4 × PM (1.537 g) during the monsoon season. Improved crosses consistently 

outperformed the control (~1.18–1.22 g), indicating superior genetic potential. Favorable climatic 

conditions during monsoon enhance silk gland development and cocoon formation. These findings are 

supported by the Central Silk Board (CSB, 2020) and Datta et al., (1984). 

Shell Weight: Shell weight exhibited highly significant differences, with the highest value recorded in 

HB4 × PM (0.292 g). Improved crosses showed superior performance compared to control (~0.200 g), 

indicating better silk yield potential. Seasonal variation revealed higher shell weight during monsoon 

due to improved nutrient assimilation. Similar results were reported by Krishnaswami et al., (1973) and 

Datta (1984), who emphasized that environmental conditions and genetic potential significantly 

influence shell weight and silk yield. 

Shell Ratio: Shell ratio ranged from (17.88 to 18.55%) in pre monsoon; 18.12 to 19.02% in monsoon 

and 18.24 to 19.03% in post monsoon in hybrids, whereas control recorded lower values (16–17%). The 

highest shell ratio was observed in PM × ND10 (19.03%). Seasonal variation was significant, with better 

performance during monsoon. Higher shell ratio indicates improved silk recovery efficiency. These 

findings are consistent with Datta (1984) and CSB (2020). 

Filament Length: Filament length ranged from 503–546m across all the seasons and hybrids, with 

highest values observed in PM × MO6 (546 m) during monsoon. Although statistical analysis indicated 
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non-significant differences, improved crosses consistently showed better performance than control 

(418–451 m). Filament length is influenced by both genetic and environmental factors. Similar 

observations were reported by Narayanaswamy et al.,(1991) and Agriculture Organization (FAO, 2003). 

Denier: Denier showed significant variation across seasons, with improved crosses recording higher 

values (2.2–2.3) compared to control (~1.9). Seasonal variation was more pronounced during pre- and 

post-monsoon. Higher denier indicates thicker filament, which is influenced by environmental stress 

and genetic makeup. Similar findings were reported by Narayanaswamy et al., (1991) and Krishna 

swami et al., (1973), along with Central Silk Board (2020), emphasizing that environmental conditions 

and genotype significantly affect filament thickness and denier. 

SUMMARY OF SEASONAL STUDY 

The seasonal evaluation of multivoltine foundation crosses of silkworm (Bombyx mori L.) revealed 

significant variation in performance across pre-monsoon, monsoon, and post-monsoon seasons, 

clearly indicating the influence of environmental conditions on growth, survival, and silk productivity. 

During the pre-monsoon season, performance was comparatively lower due to high temperature and 

low humidity. Fecundity ranged from 431–456 eggs and hatching percentage from 91.91–93.30 per cent, 

showing non-significant variation. Larval weight (3.47–3.80 g), cocoon weight (1.25–1.37 g), and shell 

weight (0.224–0.249 g) were lower than other seasons but remained higher than the control (1.22 g and 

0.202 g, respectively). Shell ratio (17.88–18.58%) and filament length (503–519 m) were also superior to 

control (16.55% and 418 m), indicating better stress tolerance of hybrids such as HB4 × MO6 and PM × 

ND10. These findings are in agreement with studies highlighting the adverse impact of high temperature 

on silkworm performance (Krishnaswami et al., 1973; Narayanaswamy et al., 1991; Reddy et al., 2014). 

In contrast, the monsoon season recorded the highest performance for all economic traits due to 

favourable temperature and high humidity. Fecundity increased to 470–492 eggs, with the maximum in 

HB4 × MO6 (492 eggs). Larval weight (4.26 g), cocoon weight (1.537 g), and shell weight (0.292 g) were 

highest in HB4 × PM, compared to lower values in control (3.26 g, 1.201 g, and 0.196 g, respectively). 

Shell ratio reached 19.03 per cent in PM × ND10, and filament length was highest (546 m) in PM × MO6. 

Higher ERR and pupation rate during this season indicated better survivability and growth. These results 

are consistent with reports of the Central Silk Board and Food and Agriculture Organization, which 

emphasize the importance of optimal environmental conditions for maximizing silkworm productivity 

(Krishnaswami et al., 1973; Narayanaswamy et al., 1991; FAO, 2003; CSB, 2020). 
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During the post-monsoon season, performance was moderate, with values lower than monsoon but 

higher than pre-monsoon. Fecundity ranged from 456–490 eggs and hatching percentage from 89.71–

92.83 per cent. Larval weight (3.58–3.93 g), cocoon weight (1.29–1.43 g), and shell weight (0.236–0.272 

g) remained higher than control (1.18 g and 0.200 g). Shell ratio (18.24–19.03%) and filament length 

(516–538 m) also indicated good silk quality. Notably, NDV6 × PM recorded higher ERR (93.87%), while 

ND10 × PM showed better pupation rate (94.18%), indicating stable performance under moderately 

favorable conditions. Similar seasonal trends have been reported in silkworm evaluation studies 

(Kumaresan et al., 2007; Suresh Kumar et al., 2011). 

Overall, the performance trend was Monsoon > Post-monsoon > Pre-monsoon, and all hybrids 

consistently outperformed the control across seasons, confirming their superior adaptability and 

suitability for tropical sericulture. 

CONCLUSION 

The present study clearly established that seasonal variation significantly affects the performance of 

multivoltine foundation crosses of silkworm (Bombyx mori L.) under tropical conditions, with the 

performance trend following Monsoon > Post-monsoon > Pre-monsoon. Among the seasons, the 

monsoon was most favorable, recording superior values for key economic traits such as larval weight 

(up to 4.26 g), cocoon weight (1.537 g), shell weight (0.292 g), shell ratio (19.03%), and filament length 

(546 m), whereas pre-monsoon conditions resulted in comparatively lower performance due to 

environmental stress but better than control (PM). 

All the evaluated hybrids consistently outperformed the control (PM), which recorded lower values for 

cocoon weight (1.18–1.22 g), shell weight (0.196–0.202 g), shell ratio (16.30–16.90%), and filament 

length (418–451 m). Among the crosses, HB4 × PM was superior for yield traits, PM × ND10 for shell ratio 

and consistency, NDV6 × PM for survivability (ERR: 93.87%; pupation: 94.22%), and PM × MO6 for 

filament length. 

Overall, HB4 × PM, PM × ND10, and NDV6 × PM were identified as the most promising foundation 

crosses, combining high productivity, silk quality, and adaptability, and are recommended for tropical 

sericulture and future breeding programmes. 
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ABSTRACT  

Medicinal plants are important sources of natural bioactive compounds and have been widely used in 

traditional medicine for the treatment of various diseases. In recent years, plantderived secondary 

metabolites have gained increasing attention due to their antimicrobial properties, biodegradability, 

and lower environmental impact compared with synthetic chemicals (Borges et al., 2019). Lantana 

camara L., a shrub belonging to the family Verbenaceae, is widely distributed in tropical and subtropical 

regions and is known for its diverse medicinal properties (Sharma & Kumar, 2020). The present study 

aimed to evaluate the in vitro antifungal activity of L. camara leaf extracts prepared using different 

solvents such as acetone, chloroform, ethanol, and methanol. Preliminary phytochemical screening of 

the extracts revealed the presence of several bioactive compounds including alkaloids, flavonoids, 

glycosides, phenolic compounds, phytosterols, carbohydrates, proteins, amino acids, saponins, and 

tannins. These phytochemicals are known to contribute to the antimicrobial and antifungal activities of 

medicinal plants (Singh et al., 2022). Among the solvent extracts tested, ethanol and methanol extracts 

showed stronger antifungal activity, with methanol extract exhibiting the highest inhibition of fungal 

growth. The results suggest that L. camara leaves contain effective antifungal compounds and may 

serve as a potential natural alternative to synthetic fungicides for agricultural and pharmaceutical 

applications (Ghosh et al., 2018). 

KEYWORDS  

Lantana camara, Antifungal activity, Extract, Pathogenic 

INTRODUCTION  

Fungal pathogens represent a major constraint to global agricultural productivity and food security, as 

they cause significant yield losses in crops and contribute to the deterioration of agricultural 

commodities during storage, processing, and transportation. Consequently, fungal diseases not only 

reduce crop quality and quantity but also lead to substantial economic losses worldwide. To manage 
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fungal infections, synthetic fungicides are commonly used in modern agricultural practices. In recent 

years, plant-derived natural products have gained considerable attention as potential alternatives to 

synthetic fungicides because they are biodegradable, environmentally safe, and often exhibit broad-

spectrum antimicrobial activity (Isman, 2020; Sharma et al., 2021). 

Medicinal plants play a crucial role in the search for novel antimicrobial agents because they synthesize 

a wide range of secondary metabolites such as alkaloids, flavonoids, phenolic compounds, terpenoids, 

glycosides, and tannins. These phytochemicals possess diverse biological properties, including 

antimicrobial, antifungal, antioxidant, and anti-inflammatory activities, which contribute to plant 

defense mechanisms against pathogens (Borges et al., 2019; Singh et al., 2022). Among the medicinal 

plants investigated for antimicrobial potential, Lantana camara L. (family Verbenaceae) has received 

considerable scientific attention due to its wide distribution and diverse pharmacological properties. 

L. camara is a perennial aromatic shrub commonly found in tropical and subtropical regions of the 

world. The plant typically grows up to 2–3 m in height and forms dense thickets in a variety of ecological 

habitats. Although often regarded as an invasive species in many countries, it has long been used in 

traditional medicine for the treatment of several ailments such as fever, skin infections, wounds, 

asthma, ulcers, rheumatism, malaria, and gastrointestinal disorders (Ghisalberti, 2016; Patil et al., 

2023). Ethnobotanical studies have shown that different parts of the plant, particularly leaves and 

flowers, contain numerous bioactive compounds responsible for its medicinal properties. 

Phytochemical investigations have revealed that L. camara contains several classes of bioactive 

compounds including flavonoids, triterpenoids, phenolic compounds, alkaloids, tannins, saponins, 

and essential oils. Specific constituents such as lantadenes, caryophyllene, humulene, quercetin, and 

apigenin are known to contribute to the biological activities of the plant (Sharma et al., 2021; Singh et 

al., 2022). These compounds play an important role in protecting plants against microbial pathogens 

and have been reported to exhibit antimicrobial, antifungal, insecticidal, and antioxidant properties. 

Because of this rich phytochemical composition, L. camara has been recognized as a promising natural 

source of antimicrobial agents for both agricultural and pharmaceutical applications. 

Recent studies have demonstrated that extracts of L. camara exhibit significant antimicrobial activity 

against a wide range of microorganisms, including bacteria, fungi, and parasites. The antimicrobial 

activity is primarily attributed to phenolic compounds and flavonoids that disrupt microbial cell 

membranes, inhibit enzyme activity, and interfere with essential metabolic processes required for 
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microbial growth (Borges et al., 2019; Mwalongo et al., 2024). The antifungal activity of these extracts is 

mainly associated with phenolic compounds, flavonoids, and terpenoids that disrupt fungal cell wall 

synthesis, inhibit spore germination, and interfere with fungal metabolic pathways (Kumar et al., 2020). 

Despite the growing interest in the antimicrobial potential of L. camara, comparative studies evaluating 

the antifungal activity of its leaf extracts prepared using different solvents remain limited. Since solvent 

polarity greatly influences the extraction efficiency of phytochemicals from plant materials, identifying 

the most suitable solvent system is essential for maximizing the biological activity of plant extracts. 

Therefore, the present study aimed to investigate the phytochemical constituents and in vitro antifungal 

activity of Lantana camara leaf extracts prepared using different solvents such as acetone, chloroform, 

ethanol, and methanol against the fungal pathogen Aspergillus niger. The results of this study may 

contribute to the development of plant-based antifungal agents and support the use of medicinal 

plants as environmentally friendly alternatives to synthetic fungicides. 

MATERIALS AND METHODS 

Fresh and healthy leaves of Lantana camara L. were collected from Sonai village in Newasa Tehsil, 

Ahmednagar District, Maharashtra, India. The plant material was authenticated based on standard 

botanical identification procedures using morphological characteristics such as leaf arrangement, leaf 

shape, inflorescence structure, and general growth habit. Only mature and disease-free leaves were 

selected to ensure the quality and reliability of the experimental material. 

Processing of Plant Material: 

The collected leaves were thoroughly washed under running tap water to remove dust, soil particles, 

and other surface contaminants, followed by rinsing with distilled water to reduce microbial 

contamination. The cleaned leaves were shade-dried at room temperature for several days until 

complete moisture removal was achieved, which helps preserve heat-sensitive phytochemicals 

(Harborne, 1998). The dried leaves were then finely powdered using a sterile electric grinder and stored 

in airtight containers until extraction. Approximately 100 g of the powdered leaf material was subjected 

to Soxhlet extraction for about six hours using organic solvents of increasing polarity, namely acetone, 

chloroform, ethanol, and methanol, to obtain a wide range of phytochemical constituents. The extracts 

were filtered through Whatman No. 1 filter paper, and the solvents were evaporated under controlled 

conditions to obtain concentrated crude extracts.(Sasidharan et al., 2011). 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

114  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

Test microorganisms: The fungal pathogens used in the present investigation were Aspergillus flavus 

and Aspergillus niger, which are well-known fungal species associated with post-harvest spoilage of 

fruits and several plant diseases. These fungi are also responsible for contamination of food 

commodities and may produce harmful mycotoxins that pose serious health risks to humans and 

animals (Klich, 2007; Pitt & Hocking, 2009; Samson et al., 2014). The fungal cultures were isolated from 

infected papaya fruits and maintained on Potato Dextrose Agar (PDA) medium under laboratory 

conditions. The isolates were periodically sub-cultured to maintain their purity, viability, and active 

growth before being used for antifungal assays (Dhingra & Sinclair, 2017). 

Positive and negative controls: The standard antifungal drug fluconazole (1 mg mL⁻¹) was used as a 

positive control to evaluate and compare the antifungal activity of the plant extracts. Petri plates 

containing only PDA medium without plant extract served as negative controls to confirm normal fungal 

growth and provide a baseline for comparison (CLSI, 2012). 

Assay for antifungal activity: The antifungal activity of Lantana camara leaf extracts was evaluated 

using the poisoned food technique, a commonly used method for screening antifungal properties of 

plant extracts against fungal pathogens (Grover & Moore, 1962; Nene & Thapliyal, 1993). In this method, 

the required concentration of plant extract was mixed with sterilized molten PDA medium and poured 

into sterile Petri plates. After solidification, the plates were inoculated with fungal cultures under 

aseptic conditions. Plates containing PDA with the standard antifungal drug served as positive controls, 

while plates without plant extract served as negative controls. All plates were incubated at 27 °C for 

seven days. The cultures were examined periodically three times per week during the incubation period. 

Antifungal activity was determined by measuring the radial mycelial growth of the fungi in the Petri 

plates. The percentage inhibition of fungal growth was calculated by comparing the mycelial growth in 

treated plates with that in the control plates (Dhingra & Sinclair, 2017; Sharma et al., 2021).  

Mycelial Inhibition =
Mycelial growth control−Mycelial growth treatment 

𝑀𝑦𝑐𝑒𝑙𝑖𝑎𝑙 𝐺𝑟𝑜𝑤𝑡ℎ 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 
 ×  100 

Preliminary phytochemical analysis of the leaf extracts of Lantana camara was carried out using 

standard qualitative tests with various chemical reagents to identify the presence of important 

secondary metabolites. The results indicated that all the solvent extracts contained several bioactive 

phytoconstituents, including alkaloids, carbohydrates, flavonoids, glycosides, phytosterols, phenolic 

compounds, proteins, amino acids, saponins, and tannins. Although some of these compounds were 

present in trace amounts, their detection confirms the rich phytochemical composition of L. camara 
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leaves. Previous studies have reported that these phytochemicals possess diverse biological activities 

and play a significant role in the antimicrobial and antifungal properties of medicinal plants (Harborne, 

1998; Sasidharan et al., 2011). Secondary metabolites such as phenolics, flavonoids, and tannins are 

particularly known for their ability to inhibit microbial growth by disrupting cell membranes and 

interfering with enzymatic activities (Borges et al., 2019). Comparative evaluation of the solvent extracts 

in the present study revealed that ethanol and methanol extracts exhibited relatively stronger 

phytochemical responses, suggesting that polar solvents are more effective in extracting bioactive 

compounds from plant materials (Singh et al., 2022). The higher concentration of phenolic compounds, 

flavonoids, and tannins in these extracts may be responsible for the antifungal activity observed in the 

study. 

Table 1: Antifungal activity of different extracts of Lantana camara L. Leaf against Aspergillus niger 

Extract  Concentration Diameter of fungal 

growth Mycelial growth 

zone (mm)(Mean±SD 

Mycelial 

growth 

inhibition (%) 

Acetone 

 

5 43.33±3.06 49.62 

10 36.00±9.17 58.14 

15 33.33±8.33 61.24 

20 20.00±2.00 76.74 

Chloroform 

 

5 52.67±3.06 38.76 

10 46.00±4.00 46.51 

15 44.67±5.03 48.06 

20 - - 

Ethanol 5 62.67±6.43 27.91 

10 48.67±2.31  43.41 

15  35.33 ±3.06  58.92 

20  26.67±6.11  68.99 

Methanol 5 29.33±7.57  65.90 

10  22.67±2.31  73.64 

15 18.00±2.00  79.07 

20 -  

Fluconazole 5 40.67±1.15  52.71 

10 32.33± 2.08 62.40 
 

15 27.00 ± 1.73 
 

27.00 ± 1.73 
 

20 21.67 ± 1.53 
 

21.67 ± 1.53 
 

Table 2: Antifungal activity of different extracts of Lantana camara L. Leaf against Aspergillus flavus. 

Extract  Concentration Diameter of fungal growth 
Mycelial growth zone 
(mm)(Mean±SD 

Mycelial 
growth 
inhibition (%) 
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Acetone 5 45.33 ± 3.21 47.29 
10 39.67 ± 4.04 53.88 
15 35.33 ± 3.51 58.92 
20 23.33 ± 2.08 72.87 

Chloroform 5 54.00 ± 3.46 37.21 
10 48.33 ± 3.21 43.80 
15 46.67 ± 2.52 45.74 
20 – – 

Ethanol 5 63.67 ± 5.13 25.97 
10 50.00 ± 3.00 41.86 
15 37.67 ± 3.06 56.20 
20 28.33 ± 2.52 67.05 

Methanol 5 31.33 ± 2.52 63.57 
10 24.67 ± 2.08 71.32 
15 20.33 ± 2.08 76.36 
20 – – 

Fluconazole 5 42.00 ± 1.73 51.16 
10 33.00 ± 1.53 61.63 
15 28.00 ± 1.73 67.44 

 20 22.33 ± 1.15 74.03 
RESULTS AND DISCUSSION 

The antifungal activity of Lantana camara leaf extracts prepared using different solvents was evaluated 

against two important fungal pathogens, Aspergillus niger and Aspergillus flavus. The results presented 

in Tables 1 and 2 demonstrate that all the extracts exhibited varying levels of antifungal activity 

depending on the solvent used and the concentration of the extract. In general, the inhibitory effect 

increased with increasing extract concentration, indicating a dose-dependent response of the fungal 

pathogens to the plant extracts. Among the different solvent extracts tested, the methanol extract of L. 

camara leaves showed the highest antifungal activity against both fungal strains. For Aspergillus niger, 

the methanol extract exhibited a maximum inhibition of 79.07% at 15% concentration, followed by 

acetone extract, which showed 76.74% inhibition at 20% concentration. Similarly, the methanol extract 

demonstrated strong antifungal activity against Aspergillus flavus, with a maximum inhibition of 

76.36% at 15% concentration. The high antifungal activity observed in the methanol extract may be 

attributed to the efficient extraction of polar phytochemicals such as phenolic compounds, flavonoids, 

and tannins, which are known to possess strong antimicrobial properties (Borges et al., 2019). 

The acetone extracts also demonstrated considerable antifungal activity against both fungal 

pathogens, particularly at higher concentrations. Ethanol extracts showed moderate inhibitory effects, 

whereas chloroform extracts exhibited comparatively lower antifungal activity. The reduced activity 
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observed in chloroform extracts may be due to the limited extraction of polar bioactive compounds 

responsible for antifungal effects. These findings highlight the importance of solvent polarity in 

determining the extraction efficiency of phytochemicals and their subsequent biological activity 

(Sasidharan et al., 2011). The antifungal efficacy of L. camara extracts was also compared with the 

standard antifungal drug fluconazole used as a positive control. Although fluconazole effectively 

inhibited fungal growth, the methanol and acetone extract of L. camara showed comparable or even 

higher inhibition percentages at certain concentrations. This observation suggests that L. camara 

contains potent antifungal compounds that could potentially serve as natural alternatives to synthetic 

fungicides. 

The antifungal activity observed in this study may be attributed to the presence of bioactive 

phytochemicals identified during preliminary phytochemical screening, including alkaloids, 

flavonoids, phenolic compounds, tannins, and saponins. These compounds are known to interfere with 

fungal cell wall synthesis, disrupt membrane permeability, inhibit spore germination, and affect 

essential metabolic processes in fungi (Singh et al., 2022). Similar findings have been reported in 

previous studies investigating the antifungal potential of medicinal plant extracts against Aspergillus 

species and other fungal pathogens (Kumar et al., 2020). 

Overall, the results of the present study demonstrate that Lantana camara leaf extracts possess 

significant antifungal activity against Aspergillus niger and Aspergillus flavus. Among the solvents 

tested, methanol extract showed the highest inhibitory effect, indicating the presence of highly active 

phytochemical constituents. These findings highlight the potential of L. camara as a promising natural 

source of antifungal agents and support its possible application as an eco-friendly alternative to 

synthetic fungicides in agricultural and pharmaceutical fields. Further studies involving isolation and 

characterization of active compounds are required to better understand the mechanism of antifungal 

action and to develop effective plant-based antifungal formulations. 

CONCLUSION 

The present study demonstrated that Lantana camara leaf extracts possess significant antifungal 

activity against Aspergillus niger and Aspergillus flavus. Preliminary phytochemical screening 

confirmed the presence of important bioactive compounds such as alkaloids, flavonoids, phenolics, 

tannins, and saponins, which may contribute to the observed antifungal effects. Among the solvents 

tested, methanol and acetone extracts exhibited the highest inhibitory activity, indicating that polar 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

118  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

solvents are more effective in extracting antifungal phytochemicals. The results highlight the potential 

of L. camara as a natural source of antifungal agents and suggest its possible application as an eco-

friendly alternative to synthetic fungicides in agricultural and pharmaceutical sectors. 
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ABSTRACT  

Background: Caralluma fimbriata Wall., a succulent medicinal plant of the Apocynaceae family, has 

been traditionally utilized in various therapeutic applications including metabolic disorders, appetite 

regulation, and diabetes management. Despite its ethnomedicinal importance, comprehensive 

analytical characterization of its bioactive constituents remains limited.  

Objective: This investigation aimed to conduct systematic phytochemical screening and 

chromatographic profiling of C. fimbriata extracts to identify and characterize the major secondary 

metabolites responsible for its therapeutic activities.  

Methods: Fresh plant specimens were collected, authenticated, and processed for extraction using 

methanol and aqueous solvents. Qualitative phytochemical screening was performed using standard 

chemical tests. High-performance liquid chromatography (HPLC) analysis was conducted using a 

C18 column with acetonitrile-water mobile phase system and multi-wavelength detection at 210, 

230, 254, and 280 nm.  

Results: Phytochemical analysis revealed the presence of alkaloids, flavonoids, phenolic 

compounds, tannins, saponins, terpenoids, steroids, and glycosides with differential solvent-

dependent extraction patterns. HPLC chromatographic analysis demonstrated distinct retention 

profiles with major peaks identified at 5.557, 7.923, 12.047, 15.047, 16.736, 20.802, 23.183, 24.731, 

33.760, 38.118, and 43.925 minutes, indicating the presence of diverse bioactive compounds with 

varying polarities.  

Conclusions: The comprehensive analytical profile confirms the chemical diversity of C. fimbriata, 

providing scientific validation for its traditional therapeutic applications. The identified secondary 

metabolites, particularly pregnane glycosides, flavonoids, and phenolic compounds, may contribute 

to the plant's reported anti-obesity, antidiabetic, and cardioprotective effects. These findings 
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establish a foundation for standardization, quality control, and further pharmacological investigations 

of this medicinally important species. 

KEYWORDS  

Caralluma fimbriata, phytochemical screening, HPLC analysis, secondary metabolites, 

ethnomedicine, bioactive compounds  

INTRODUCTION  

The therapeutic utilization of medicinal plants represents one of humanity's oldest approaches to 

healthcare management, with plant-based remedies forming the foundation of traditional medicine 

systems worldwide. Contemporary pharmaceutical research continues to recognize the significant 

contribution of natural products in drug discovery, with approximately 40% of currently marketed drugs 

having natural origins or being derived from natural product scaffolds [1]. Among the diverse array of 

medicinal plants, succulent species have attracted particular attention due to their unique adaptations 

to harsh environmental conditions, which often correlate with the production of specialized secondary 

metabolites possessing biological activity [2]. 

Caralluma fimbriata Wall., belonging to the family Apocynaceae (formerly Asclepiadaceae), represents 

a medicinally significant succulent plant species indigenous to the Indian subcontinent. This 

xerophytic herb has been extensively utilized in traditional Ayurvedic and folk medicine systems, 

particularly among tribal communities, for the management of various ailments including diabetes, 

obesity, cardiovascular disorders, and gastrointestinal conditions [3,4]. The species is characterized by 

its distinctive fringed corolla lobes, succulent stems, and remarkable ability to survive in arid 

environments with minimal water availability. 

Ethnobotanical investigations have documented the traditional consumption of C. fimbriata as both a 

medicinal agent and famine food, with communities utilizing fresh stems, decoctions, and powdered 

preparations for appetite suppression, blood glucose regulation, and general health maintenance [5]. 

Modern pharmacological studies have provided scientific validation for several traditional uses, 

demonstrating significant anti-obesity, hypoglycemic, cardioprotective, and antioxidant activities in 

experimental models [6,7]. 

The therapeutic properties of medicinal plants are primarily attributed to their secondary metabolite 

content, which includes diverse chemical classes such as alkaloids, flavonoids, phenolic compounds, 

saponins, terpenoids, and glycosides [8]. These bioactive constituents often exhibit synergistic 
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interactions, contributing to the multi-target therapeutic effects observed in plant-based medicines. 

Members of the genus Caralluma are particularly noted for their content of pregnane glycosides, 

steroidal compounds that have been associated with appetite regulation and metabolic modulation 

[9,10]. 

Despite the documented ethnomedicinal significance and demonstrated biological activities of C. 

fimbriata, comprehensive analytical characterization of its phytochemical constituents remains 

incomplete. Previous investigations have provided limited insights into the chemical profile of the 

species, with most studies focusing on crude extracts rather than detailed compositional analysis. 

Furthermore, standardized analytical protocols for quality assessment and authentication of C. 

fimbriata preparations are currently lacking, hindering the development of standardized herbal 

products [11]. 

High-performance liquid chromatography (HPLC) has emerged as a powerful analytical technique for 

the separation, identification, and quantification of plant secondary metabolites. The technique offers 

advantages including high resolution, reproducibility, and the ability to analyze complex mixtures of 

bioactive compounds [12]. HPLC fingerprinting has become an essential tool for quality control, 

standardization, and authentication of herbal medicines, providing characteristic chromatographic 

profiles that can serve as chemical signatures for specific plant species [13]. 

The present investigation was designed to address the existing knowledge gaps through a 

comprehensive analytical approach combining qualitative phytochemical screening with HPLC 

profiling of C. fimbriata extracts. The primary objectives include: (1) systematic identification of major 

secondary metabolite classes present in the plant, (2) comparative evaluation of extraction efficiency 

using different solvent systems, (3) development of characteristic HPLC fingerprints for quality 

assessment, and (4) correlation of analytical findings with traditional therapeutic applications. 

MATERIALS AND METHODS 

2.1 Plant Material Collection and Authentication 

Fresh specimens of Caralluma fimbriata Wall. were collected during the pre-flowering stage from 

Shrigonda tehsil, Ahmednagar district, Maharashtra, India (GPS coordinates: 18°73'18.734451" N, 

74°79' E) at an altitude of approximately 561 meters above sea level. Collection was performed during 

optimal morning hours (08:00-10:00 AM) under clear atmospheric conditions to minimize variability 
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associated with diurnal environmental fluctuations. Multiple mature plants were sampled from the 

same geographical location to ensure representativeness. 

 

Figure 1: Caralluma fimbriata Wall. In natural habitat 

Taxonomic authentication was performed by the Botanical Survey of India, Pune, with voucher 

specimen (Authentication No. JVD182) deposited for permanent reference. The collection site 

represents a typical semi-arid environment characterized by black cotton soil derived from basaltic 

formations, with average annual rainfall of 448.6 mm and temperature ranging from 18.5°C to 33°C. 

2.2 Sample Preparation and Extraction 

Collected plant material was thoroughly cleaned under running tap water followed by distilled water to 

remove surface contaminants. Cleaned samples were shade-dried at ambient temperature (25-30°C) 

for 15-20 days in a well-ventilated environment to preserve thermolabile compounds. The dried 

material was mechanically pulverized and passed through a 40-mesh sieve to achieve uniform particle 

size distribution. Powdered samples were stored in airtight containers under cool, dry conditions until 

analysis. 

Two extraction protocols were employed to maximize recovery of compounds with varying polarities. 

Methanolic extraction was performed using 100 g of plant powder with methanol (1:10 w/v) by cold 

maceration for 72 hours with intermittent agitation. The extract was filtered through Whatman No. 1 

filter paper and concentrated under reduced pressure using a rotary evaporator at 40-45°C. For 

aqueous extraction, plant powder (100 g) was subjected to hot water extraction (1:10 w/v) at 60-70°C 

for 3 hours, filtered, and freeze-dried to obtain powdered extract. 
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2.3 Qualitative Phytochemical Screening 

Comprehensive phytochemical screening was conducted following established protocols to detect 

major classes of secondary metabolites. Stock solutions of both extracts were prepared at 100 mg/mL 

concentration in appropriate solvents. Alkaloid detection was performed using Dragendorff's, Mayer's, 

and Wagner's reagents with characteristic precipitate formation indicating positive results. Flavonoids 

were identified through Shinoda test, alkaline reagent test, and lead acetate test based on color 

development patterns. 

Phenolic compounds and tannins were detected using ferric chloride, lead acetate, and gelatin tests 

with color changes or precipitation confirming presence. Saponin content was evaluated through foam 

test involving vigorous shaking with water and observation of persistent froth formation. Terpenoids 

were identified using Salkowski test with reddish-brown interface coloration indicating positive 

response. Steroid detection employed Liebermann-Burchard reaction, while glycosides were identified 

through Keller-Killiani, Legal's, and Borntrager's tests. 

2.4 HPLC Instrumental Analysis 

High-performance liquid chromatographic analysis was conducted to develop characteristic 

fingerprint profiles of C. fimbriata extracts. The HPLC system was equipped with a reversed-phase C18 

analytical column for optimal separation of both polar and moderately polar compounds. Mobile phase 

composition consisted of acetonitrile (50%) and water containing 0.3% acetic acid (50%) to enhance 

peak resolution and maintain appropriate pH conditions. 

Sample preparation involved dissolving 1 mg/mL of extract in the mobile phase followed by membrane 

filtration. Injection volume was set to 20 μL with column temperature maintained at 25°C to ensure 

reproducible chromatographic conditions. Multi-wavelength detection was employed at 210, 230, 254, 

and 280 nm to maximize compound detection across different chromophore systems. Flow rate was 

optimized to provide adequate resolution while maintaining reasonable analysis time. 

RESULTS AND DISCUSSION 

3.1 Qualitative Phytochemical Analysis 

Systematic phytochemical screening revealed the presence of diverse secondary metabolite classes 

in C. fimbriata extracts, with notable differences in extraction efficiency between methanol and 

aqueous solvents. The comprehensive analysis confirmed the chemical complexity of the species, 

supporting its traditional therapeutic applications through multiple bioactive constituents. 
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Phytochemical Analysis Results: 

• Alkaloids: Strongly positive in methanolic extract, negative in aqueous extract 

• Flavonoids: Positive in methanolic extract, weakly positive in aqueous extract 

• Phenols & Tannins: Strongly positive in methanolic extract, positive in aqueous extract 

• Saponins: Strongly positive in both extracts 

• Terpenoids: Strongly positive in methanolic extract, negative in aqueous extract 

• Steroids: Positive in methanolic extract, negative in aqueous extract 

• Glycosides: Positive in both extracts 

• Carbohydrates: Positive in both extracts 

The phytochemical analysis demonstrated significant solvent-dependent variations in metabolite 

extraction. Methanolic extraction proved superior for recovering lipophilic and moderately polar 

compounds including alkaloids, terpenoids, and steroids, which were either absent or present in trace 

amounts in aqueous extracts. This pattern reflects the fundamental principle of solubility, where 

compounds with similar polarity characteristics are preferentially extracted by corresponding solvents. 

The exclusive presence of alkaloids in methanolic extracts is particularly significant, as these nitrogen-

containing compounds are often associated with pharmacological activities including appetite 

suppression and metabolic regulation. The detection of terpenoids and steroids primarily in methanol 

aligns with the known occurrence of pregnane glycosides in Caralluma species, compounds that have 

been linked to anti-obesity effects through mechanisms involving adipogenesis inhibition and lipid 

metabolism modulation. 

Saponins demonstrated equivalent extraction in both solvents, reflecting their amphiphilic nature with 

both hydrophilic sugar residues and lipophilic aglycone portions. These compounds contribute to 

cholesterol-lowering and cardioprotective effects, supporting traditional applications in cardiovascular 

health. The presence of flavonoids and phenolic compounds in both extracts, with higher 

concentrations in methanol, indicates the occurrence of both aglycones and glycosylated forms, 

contributing to the antioxidant and anti-inflammatory properties of the plant. 

3.2 HPLC Chromatographic Analysis 

High-performance liquid chromatographic analysis of C. fimbriata extract revealed a complex chemical 

profile with multiple well-resolved peaks across the chromatographic run. The optimized analytical 
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conditions using acetonitrile-water (50:50) mobile phase with 0.3% acetic acid provided excellent 

separation efficiency and peak resolution suitable for fingerprint development. 

The chromatographic profile demonstrated distinct retention patterns with major peaks eluting at 

5.557, 7.923, 12.047, 15.047, 16.736, 20.802, 21.776, 23.183, 24.731, 33.760, 38.118, and 43.925 

minutes. This retention pattern indicates the presence of compounds with varying polarities, from 

highly polar early-eluting compounds to more lipophilic late-eluting constituents. 

 

 

Figure 2: HPLC of Caralluma fimbriata Wall. Extract 

Multi-wavelength detection at 210, 230, 254, and 280 nm revealed differential UV absorption patterns 

characteristic of various chromophore systems. Early eluting peaks (5-15 minutes) likely represent 

highly polar compounds such as organic acids, amino acids, and polar glycosides. Mid-range retention 

times (15-25 minutes) are consistent with flavonoid glycosides and phenolic acids, while late-eluting 

peaks (>30 minutes) suggest the presence of less polar compounds including flavonoid aglycones, 

terpenoids, and steroidal derivatives. 
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The peak at retention time 5.557 minutes, showing strong absorption at multiple wavelengths, likely 

corresponds to polar organic acids or amino acid derivatives. Peaks in the 12-16 minute range exhibit 

UV absorption patterns characteristic of flavonoid compounds, potentially representing quercetin, 

kaempferol, or their glycosylated derivatives commonly found in medicinal plants. 

The significant peaks observed at 23.183 and 24.731 minutes may represent pregnane glycosides or 

related steroidal compounds, which are characteristic constituents of Caralluma species and have 

been associated with appetite-suppressing and metabolic regulatory activities. The late-eluting peaks 

at 38.118 and 43.925 minutes suggest the presence of highly lipophilic compounds, possibly including 

sterols, triterpenes, or steroidal aglycones. 

Comparison with silver nanoparticles synthesized using C. fimbriata extract revealed distinct 

chromatographic differences, with the plant extract showing significantly more complex peak patterns. 

This complexity underscores the chemical diversity of the natural extract and supports the multi-target 

therapeutic approach characteristic of traditional herbal medicines. 

3.3 Correlation with Therapeutic Applications 

The comprehensive analytical profile obtained in this investigation provides substantial scientific 

support for the traditional therapeutic applications of C. fimbriata. The presence of alkaloids, 

particularly those concentrated in methanolic extracts, correlates well with the plant's traditional use 

as an appetite suppressant. These compounds likely interact with neurotransmitter systems involved 

in satiety regulation, including serotonin and dopamine pathways. 

The identification of flavonoids, phenolic compounds, and saponins supports the antidiabetic 

applications of the plant. These compound classes are known to enhance insulin sensitivity, inhibit 

carbohydrate-digesting enzymes, and protect pancreatic β-cells from oxidative damage. The HPLC 

peaks corresponding to these compounds provide a chemical basis for the reported hypoglycemic 

effects observed in experimental studies. 

The detection of saponins and phenolic compounds through both phytochemical screening and 

chromatographic analysis supports the cardioprotective traditional uses. These compounds contribute 

to lipid profile improvement, endothelial function enhancement, and reduction of cardiovascular risk 

factors. The multi-compound nature of these effects explains the broad-spectrum cardiovascular 

benefits associated with traditional C. fimbriata preparations. 
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The strong antioxidant activity traditionally attributed to the plant is well-supported by the presence of 

multiple antioxidant compound classes including flavonoids, phenolic acids, and tannins. The HPLC 

peaks in the mid-retention range likely represent these antioxidant constituents, which contribute to 

cellular protection against oxidative stress and chronic disease prevention. 

CONCLUSION 

This comprehensive investigation successfully characterized the phytochemical composition and 

chromatographic profile of Caralluma fimbriata Wall., providing valuable scientific insights into the 

chemical basis of its traditional therapeutic applications. The systematic analysis revealed significant 

chemical diversity with multiple classes of bioactive secondary metabolites including alkaloids, 

flavonoids, phenolic compounds, saponins, terpenoids, steroids, and glycosides. 

The solvent-dependent extraction patterns demonstrated the importance of appropriate extraction 

methodology for maximizing recovery of target compounds. Methanolic extraction proved superior for 

alkaloids, terpenoids, and steroids, while aqueous extraction was effective for saponins and polar 

glycosides. This information is crucial for optimizing extraction protocols in pharmaceutical and 

nutraceutical applications. 

HPLC analysis established characteristic fingerprint profiles that can serve as quality control markers 

for authentication and standardization of C. fimbriata preparations. The identification of specific 

retention patterns and UV absorption characteristics provides a foundation for developing analytical 

standards and ensuring product consistency in commercial formulations. 

The strong correlation between analytical findings and traditional therapeutic uses validates the 

ethnomedicinal knowledge associated with this species. The presence of compounds known to 

influence appetite regulation, glucose metabolism, cardiovascular function, and oxidative stress 

provides mechanistic support for the documented biological activities. 

Future research directions should focus on isolation and structural characterization of individual 

bioactive compounds, particularly those corresponding to major HPLC peaks. Quantitative analysis, 

bioactivity-guided fractionation, and detailed pharmacological evaluation will further enhance 

understanding of the therapeutic potential of C. fimbriata. 

The findings of this investigation contribute significantly to the scientific knowledge base supporting the 

development of evidence-based herbal medicines derived from C. fimbriata. The established analytical 
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protocols and chemical profiles will facilitate quality control, standardization, and regulatory 

compliance for botanical products derived from this medicinally important species. 

REFERENCES 

[1] Newman DJ, Cragg GM. Natural products as sources of new drugs over the nearly four decades from 

01/1981 to 09/2019. J Nat Prod. 2020;83(3):770-803. 

[2] Rates SMK. Plants as source of drugs. Toxicon. 2001;39(5):603-613. 

[3] Ayyanar M, Ignacimuthu S. Traditional knowledge of Kani tribals in Kouthalai of Tirunelveli hills, Tamil 

Nadu, India. J Ethnopharmacol. 2005;102(2):246-255. 

[4] Harsha VH, Hebbar SS, Shripathi V, Hegde GR. Ethnomedicobotany of Uttara Kannada district in 

Karnataka, India. J Ethnopharmacol. 2003;84(1):37-40. 

[5] Jain SK, Tarafder CR. Medicinal plant lore of the Santals. Econ Bot. 1970;24(3):241-278. 

[6] Kuriyan R, Rajendran R, Bantwal G, Kurpad AV. Effect of Caralluma fimbriata extract on appetite, food 

intake and anthropometry in adult Indian men and women. Appetite. 2007;48(3):338-344. 

[7] Kamalakkannan N, Prince PSM, Menon VP. Antidiabetic and antioxidant effect of Caralluma 

fimbriata extract in streptozotocin-induced diabetic rats. J Ethnopharmacol. 2010;123(2):245-250. 

[8] Kumar A, Jose A, Tomer V, et al. Major phytochemicals: Recent advances in health benefits and 

extraction methods. Molecules. 2023;28(2):887. 

[9] Kunert O, Haslinger E, Schmid MG, Bucar F. Pregnane glycosides from Caralluma species. 

Phytochemistry. 2014;98:180-188. 

[10] Anwar R, et al. Nutritional and therapeutic potential of Caralluma fimbriata. Nutrients. 

2022;14(12):2485. 

[11] Puri V, Sharma A, Singh M. Nutraceuticals and therapeutic applications of plant bioactive 

compounds. Oxid Med Cell Longev. 2022;2022:3860598. 

[12] Dai J, Mumper RJ. Plant phenolics: Extraction and analysis. Molecules. 2014;19(7):10130-10150. 

[13] Shahidi F, Ambigaipalan P. Phenolics and health benefits. J Funct Foods. 2015;18:820-897. 

 

 

 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

130  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

NUTRITIONAL ANALYSIS OF SOME WILD EDIBLE PLANT SPECIES 

FROM THE PART OF THE NORTHERN WESTERN GHATS, MAHARASHTRA  

Sanket. P. Gawali1, Kulbhushan W. Pawar 2 
12 Department of Botany and Research Centre, R.B. Narayanrao Borawake College [Autonomous], 

Shrirampur – 413709, Savitribai Phule Pune University, Maharashtra, India 

 1 sanketgawali0672@gmail.com      

ABSTRACT  

Wild edible plants constitute an irreplaceable nutritional resource for indigenous and rural 

communities inhabiting ecologically sensitive zones such as the Western Ghats of India. The present 

investigation undertook a systematic proximate and mineral analysis of five plant taxa — Amaranthus 

viridis L., Colocasia esculenta (L.) Schott, Dioscorea bulbifera L., Moringa oleifera Lam., and Cassia 

tora L. — collected from designated forest localities in the northern Western Ghats, Maharashtra. 

Proximate parameters, including moisture, crude protein, crude fat, total ash, and nitrogen-free 

extractives, were quantified following AOAC (2016) protocols, while calcium and iron were determined 

by atomic absorption spectrophotometry. Considerable interspecific variation was recorded across 

all parameters. Moringa oleifera registered the highest crude protein (18.7 g/100 g dry weight) and 

mineral concentrations (Ca: 240 mg/100 g; Fe: 8.1 mg/100 g), underscoring its recognized status as a 

high-value nutritional crop. Dioscorea bulbifera exhibited the greatest carbohydrate fraction (24.5 

g/100 g), consistent with its role as a calorie-dense subsistence food during seasonal food shortages. 

Cassia tora and Amaranthus viridis displayed protein and iron values substantially exceeding many 

cultivated leafy vegetables reported in the literature. Collectively, the data establish that these taxa 

are nutritionally competitive with conventional dietary staples and carry therapeutic implications 

linked to their reported phytochemical profiles. These findings advocate for evidence-based 

integration of wild plant taxa into national nutrition strategies and support their prioritization in 

conservation policy frameworks for biodiversity hotspots. 

KEYWORDS  

Wild edible plants; proximate composition; mineral analysis; Western Ghats; nutritional security; 

biodiversity hotspot; underutilized crops  

INTRODUCTION  
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Biodiversity-rich ecosystems provide numerous ecological services, among which the provision 

of diverse, nutrient-dense food for human use stands out as highly tangible but often overlooked. Wild 

edible plants—non-cultivated vascular species gathered from natural or semi-natural habitats for 

food—offer critical dietary support to communities with limited access to commercial food supplies 

(Bharucha and Pretty, 2010). In the Global South, these plants often serve as more than supplements; 

they supply essential micronutrients, fiber, and calories during post-harvest lean periods or economic 

hardships (Sunderland, 2011). The Food and Agriculture Organization regularly highlights wild forest 

foods' role in enhancing household nutrition and resilience, especially for forest-dwelling groups (FAO, 

2013). 

The Western Ghats, stretching about 1,600 km along India's Deccan Plateau's western edge, rank 

among the world's eight hottest biodiversity hotspots (Myers et al., 2000). This range, fueled by 

orographic rainfall, hosts a vegetation mosaic from lowland tropical wet evergreen forests to high-

elevation montane grasslands, supporting over 7,400 flowering plant species—including around 2,500 

endemics (Mittermeier et al., 2004). Many of these plants hold traditional food value, particularly for 

long-resident Adivasi (indigenous tribal) communities (Patil and Patil, 2007; Kshirsagar and Singh, 

2001). 

In the northern Western Ghats' Sahyadri ranges of Maharashtra, semi-deciduous and moist deciduous 

forests sustain various wild edibles. Kokani, Warli, and Mahadev Koli tribes actively harvest these for 

food and medicine, using leaves, tubers, fruits, bark, and seeds from multiple families (Chopra et al., 

1956; Gaikwad et al., 2014). Yet, quantitative biochemical data on their nutritional profiles remain 

scarce or confined to qualitative ethnobotanical accounts, hindering inclusion in nutritional databases 

and policy efforts against food insecurity. 

This study examines five commonly harvested wild species from the region. Amaranthus viridis L. 

(Amaranthaceae), a widespread weedy annual, provides steamed greens prized by tribal women for 

iron benefits postpartum (Grubben and van Sloten, 1981). Colocasia esculenta (L.) Schott (Araceae), a 

semi-cultivated aroid, has leaves cooked with alkali to detoxify calcium oxalate; wild and cultivated 

forms overlap locally (Matthews, 2004). Dioscorea bulbifera L. (Dioscoreaceae), a climbing yam, yields 

aerial bulbils as famine food, with tubers treated to remove bitter diterpenoids (Wilkin, 1999). Moringa 

oleifera Lam. (Moringaceae), a rapid-growing tree, supplies leaves, pods, and seeds across tropical Asia 

and Africa; its leaves rank among the planet's most nutrient-packed foods (Fahey, 2005). Cassia tora L. 
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(Fabaceae), or chakramarda, offers tender leaves as vegetables and roasted seeds as coffee 

alternatives, noted for anthraquinones and flavonoids (Neamsuvan et al., 2015). 

Although these species' nutritional importance is recognized, peer-reviewed data from northern 

Western Ghats specimens are limited. Indian wild edible databases lack completeness and site-

specificity, often pooling data from distant areas affected by agroclimate, phenology, or genetics 

(Longvah et al., 2017). Prior studies also covered few parameters, limiting comparisons to dietary 

standards. This research fills these gaps via standardized multi-parameter analysis of field-collected 

samples, producing location-specific, consistent data to guide diets and conservation. 

Specific objectives include: (i) assessing proximate composition (moisture, crude protein, ether 

extract, total ash, carbohydrates) for the five taxa from northern Western Ghats; (ii) measuring calcium 

and iron via atomic absorption spectrophotometry; (iii) comparing results to cultivated vegetable data 

and dietary reference intakes; and (iv) assessing their role in nutritional security and integration into 

formal food systems. 

MATERIALS AND METHODS 

2.1 Study Area and Ecological Context  

The field investigation was carried out across designated collection localities within the northern 

Western Ghats of Maharashtra, India, spanning approximately 19°N to 21°N latitude and 73°E to 74°E 

longitude. The terrain is defined by lateritic plateaus (maals), river gorge forests, and mixed deciduous 

hill slopes, with mean annual precipitation ranging from 1,000 mm in the rain-shadow leeward areas to 

over 3,000 mm on the windward escarpments (Myers et al., 2000). The region experiences a 

pronounced tropical monsoon regime with a distinct dry season (November to May) and a wet season 

(June to October), during which the majority of wild leafy plants reach peak vegetative growth. Mean 

annual temperature ranges from 22°C to 30°C at lower elevations, with montane localities experiencing 

cooler mean temperatures of 15°C to 22°C. The vegetation is classified as Southern Tropical Moist 

Deciduous Forest and Northern Tropical Semi-evergreen Forest according to Champion and Seth 

(1968), with anthropogenic grasslands and agricultural margins contributing additional microhabitats 

for weedy edible species such as Amaranthus viridis and Cassia tora. 

2.2 Plant Collection and Taxonomic Authentication  

Collection of plant material was undertaken during the peak vegetative season (June to September) 

over two consecutive years to account for inter-annual variation in plant chemistry and to ensure 
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adequate biomass for replicated analyses. Sampling transects were established in consultation with 

local tribal informants who possessed demonstrable knowledge of the species in question, ensuring 

that only parts customarily consumed were collected. For leafy species (Amaranthus viridis, Colocasia 

esculenta, Moringa oleifera, and Cassia tora), fully expanded, healthy, unblemished leaves from the 

upper one-third of the canopy or plant were selected to minimize variation attributable to leaf age and 

shading status. For Dioscorea bulbifera, mature aerial bulbils were harvested after the aerial bulbils 

had attained full size but before senescence of the vine, as this stage corresponds to maximum starch 

accumulation and traditional harvest practice. 

A minimum of three geographically separated populations of each species were sampled to reduce the 

influence of population-level chemical variation on mean nutritional estimates. Collected material 

from each population was pooled prior to laboratory processing to obtain a representative composite 

sample. Taxonomic identity of each species was confirmed using the regional floristic treatments of 

Jain and Rao (1977), Cooke (1903), and, where necessary, the Flora of British India (Hooker, 1876). 

Herbarium voucher specimens were prepared, labelled with full collection data, and deposited in the 

institutional herbarium for future reference. The correct nomenclature and authority citations follow 

the International Plant Names Index (IPNI, 2023). 

2.3 Sample Preparation 

Freshly collected plant material was transferred to the laboratory within six hours of harvest under 

ambient temperature to minimize enzymatic degradation. Each sample was subjected to three washes: 

an initial rinse in running tap water to remove soil, particulate matter, and surface microbiota; a second 

wash in a 0.1% potassium permanganate solution for two minutes as a surface disinfectant; and a final 

rinse in double-distilled water. Washed material was blotted dry with sterile absorbent paper and 

arranged in single layers on clean nylon trays for shade drying in a well-ventilated room maintained at 

25–30°C. Shade drying rather than oven drying was chosen for the drying stage because it is more 

representative of traditional preparation practices in the study communities, and because laboratory 

studies have demonstrated that oven drying at elevated temperatures can cause appreciable losses of 

heat-labile vitamins and certain mineral complexes (Dewanto et al., 2002). 

Drying was continued for 10–14 days, with samples weighed at 48-hour intervals until three consecutive 

weighing intervals showed less than 0.5% change in mass, at which point the samples were considered 

to have reached air-dry equilibrium. The dried material was transferred to a Wiley mill and ground to 
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pass through a 60-mesh (250 µm) stainless steel sieve, yielding a homogeneous, free-flowing powder. 

Powdered samples were divided into replicate portions, each sealed in airtight amber glass vials, and 

stored at room temperature in a desiccator charged with silica gel until analysis. All analyses were 

initiated within four weeks of sample preparation to minimize oxidative degradation of lipid and 

phenolic fractions (Sadasivam and Manickam, 2008). 

2.4 Proximate Analysis 

Proximate composition was determined following the standardized protocols of the Association of 

Official Analytical Chemists (AOAC, 2016), which represent the internationally recognized reference 

methods for plant food analysis. Moisture content was determined gravimetrically by drying 

approximately 2 g of fresh plant tissue in a forced-air oven at 105°C to constant weight, with the 

moisture percentage calculated as the loss in mass divided by the initial fresh mass, expressed as a 

percentage (AOAC method 934.01). Crude protein was estimated by the macro-Kjeldahl procedure 

(AOAC method 984.13), in which total nitrogen is liberated by acid digestion in concentrated sulphuric 

acid with a copper sulphate and potassium sulphate catalyst, converted to ammonia by alkaline 

distillation, and titrated against standardized boric acid. Total protein content was calculated by 

applying a nitrogen-to-protein conversion factor of 6.25, consistent with AOAC guidelines for mixed 

plant tissues. 

Crude fat was determined by continuous extraction in a Soxhlet apparatus using petroleum ether 

(boiling point range 40–60°C) as the extracting solvent for six hours, after which the solvent was 

evaporated and the residual fat fraction weighed gravimetrically (AOAC method 920.39). Total ash 

content was determined by complete incineration of 1 g of dried powdered sample in a pre-tared 

porcelain crucible in a muffle furnace at 550°C for six hours, with cooling in a desiccator before 

weighing (AOAC method 942.05). Carbohydrates were calculated by difference, subtracting the sum of 

moisture, crude protein, crude fat, and ash percentages from 100, thereby representing nitrogen-free 

extractives including available starch, non-starch polysaccharides, and soluble sugars. All proximate 

analyses were conducted in triplicate for each species, and results are expressed as mean ± standard 

deviation on a dry weight basis. 

2.5 Mineral Analysis 

Calcium and iron concentrations were determined by flame atomic absorption spectrophotometry 

(AAS) following wet acid digestion of the powdered samples. Approximately 0.5 g of each sample was 
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transferred to a digestion vessel and treated with 5 mL of concentrated nitric acid (65% HNO3, 

analytical grade) and 1 mL of 70% perchloric acid (HClO4). The mixture was heated gradually on a sand 

bath, commencing at 80°C and increasing stepwise to 200°C, until a clear, colourless digest was 

obtained. Digests were cooled, filtered through Whatman No. 42 filter paper, and diluted to 25 mL with 

1% HNO3 in volumetric flasks. Calcium and iron concentrations in the digestates were measured on a 

PerkinElmer A Analyst 700 atomic absorption spectrometer using hollow-cathode lamps at 

characteristic wavelengths of 422.7 nm for calcium and 248.3 nm for iron, with appropriate matrix-

matched calibration standards prepared from certified stock solutions (Merck CertiPUR). Quality 

control was maintained through simultaneous analysis of a certified reference material (NIST SRM 

1570a Trace Elements in Spinach Leaves) at the beginning and end of each analytical run, with 

recoveries consistently within 95–102% of certified values (PerkinElmer, 2000). All mineral analyses 

were performed in triplicate. 

2.6 Statistical Analysis 

All analytical data are expressed as mean ± standard deviation of triplicate determinations. One-

way analysis of variance (ANOVA) was applied to test for significant differences in each nutritional 

parameter among the five species, using IBM SPSS Statistics version 26.0. Where ANOVA indicated a 

statistically significant overall effect (p < 0.05), post-hoc pairwise comparisons were performed using 

Tukey's Honestly Significant Difference (HSD) test with a familywise error rate of α = 0.05. Pearson 

correlation coefficients were computed between selected pairs of nutritional variables to assess 

nutritional interrelationships across species. 

RESULTS AND DISCUSSION 

3.1 Proximate Composition 

The proximate nutritional profiles of the five wild edible taxa are presented in Table 1. Statistically 

significant interspecific differences were recorded for all parameters (one-way ANOVA, p < 0.01), 

confirming that the nutritional profiles of the studied taxa are distinctly differentiated rather than 

homogeneous. 

Moisture content ranged from 64.2% in Moringa oleifera to 72.0% in Colocasia esculenta. High moisture 

content in C. esculenta (72.0 ± 1.1%) is consistent with the succulent mesophytic character of its leaf 

lamina and reflects the high water-holding capacity of its mucilaginous parenchyma cells. The 

comparatively lower moisture values in D. bulbifera (65.3 ± 0.9%) and M. oleifera (64.2 ± 1.0%) are 
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associated with a higher concentration of dry matter per fresh weight unit, which has direct implications 

for nutrient density calculations on a fresh-weight basis. 

Crude protein content showed the widest absolute variation among all measured parameters, 

spanning from 6.9 g/100 g (dry weight) in Dioscorea bulbifera to 18.7 g/100 g in Moringa oleifera. The 

high protein content of M. oleifera leaves, confirmed in the present investigation, is well established in 

the literature and is attributable to the presence of substantial concentrations of essential amino acids, 

including leucine, lysine, and methionine, alongside the more abundant non-essential amino acids 

(Fahey, 2005; Gopalakrishnan et al., 2016). Cassia tora (14.1 ± 0.6 g/100 g) and Amaranthus viridis (13.2 

± 0.5 g/100 g) registered protein values that surpass commonly consumed cultivated leafy vegetables 

such as spinach (Spinacia oleracea, ca. 9.2 g/100 g DW) and fenugreek (Trigonella foenum-graecum, 

ca. 11.3 g/100 g DW) as reported by Longvah et al. (2017). Colocasia esculenta leaves yielded 10.5 ± 

0.4 g/100 g protein, and D. bulbifera the lowest protein fraction among the five taxa, reflecting the 

predominantly starchy character of the bulbil storage tissue. 

Crude fat content was relatively low across all species, ranging from 0.9 ± 0.1 g/100 g in D. bulbifera to 

3.5 ± 0.3 g/100 g in M. oleifera. These modest lipid values are nutritionally favourable from the 

perspective of calorie density for consumers managing cardiovascular risk, and the fat fractions of leafy 

species in this range typically contain appreciable proportions of α-linolenic acid (omega-3 fatty acid), 

consistent with observations reported for M. oleifera and A. viridis by Bhatt et al. (2020). Total ash 

content, reflecting the inorganic mineral residue of the dry tissue, ranged from 2.0 ± 0.2 g/100 g in C. 

esculenta to 3.4 ± 0.2 g/100 g in M. oleifera, a ranking that broadly parallels the iron and calcium values 

quantified by AAS (Table 2). 

The carbohydrate fraction, computed by difference and therefore representing the aggregate of all non-

fat, non-protein, non-ash organic carbon compounds, was highest in D. bulbifera (24.5 ± 1.2 g/100 g), 

substantially exceeding the values for the leafy species, which ranged from 10.2 g/100 g (M. oleifera) to 

13.7 g/100 g (C. esculenta). The elevated carbohydrate content of D. bulbifera is consistent with its 

botanical role as a storage organ in which photosynthetically fixed carbon is accumulated as starch, 

and explains the plant's traditional utilization as a calorically dense food during periods of primary crop 

failure (Wilkin, 1999). 

Table 1. Proximate composition of five wild edible plant species from the northern Western Ghats 

(mean ± SD, dry weight basis, n = 3). 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

137  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

Species Moisture 
(%) 

Crude 
Protein 

(%) 

Crude 
Fat (%) 

Carbohydrates 
(%) 

Ash (%) 

Amaranthus viridis 68.5 ± 0.8 13.2 ± 0.5 2.3 ± 
0.2 

12.8 ± 0.6 3.2 ± 
0.1 

Colocasia esculenta 72.0 ± 1.1 10.5 ± 0.4 1.8 ± 
0.1 

13.7 ± 0.9 2.0 ± 
0.2 

Dioscorea bulbifera 65.3 ± 0.9 6.9 ± 0.3 0.9 ± 
0.1 

24.5 ± 1.2 2.4 ± 
0.2 

Moringa oleifera 64.2 ± 1.0 18.7 ± 0.7 3.5 ± 
0.3 

10.2 ± 0.5 3.4 ± 
0.2 

Cassia tora 69.1 ± 0.7 14.1 ± 0.6 2.0 ± 
0.2 

11.9 ± 0.7 2.9 ± 
0.1 

 3.2 Calcium and Iron Content 

The concentrations of calcium and iron in the five taxa are summarized in Table 2. Moringa oleifera 

consistently recorded the highest values for both minerals (Ca: 240 ± 5.1 mg/100 g DW; Fe: 8.1 ± 0.4 

mg/100 g DW), establishing it as the mineral-richest taxon in the study. Cassia tora ranked second for 

iron content (6.5 ± 0.3 mg/100 g DW) and third for calcium (200 ± 3.5 mg/100 g DW), while Amaranthus 

viridis yielded calcium and iron values of 210 ± 4.2 and 5.8 ± 0.3 mg/100 g DW respectively. Colocasia 

esculenta presented moderate mineral values (Ca: 180 ± 3.8 mg/100 g DW; Fe: 4.2 ± 0.2 mg/100 g DW), 

and Dioscorea bulbifera recorded the lowest concentrations in both categories (Ca: 95 ± 2.1 mg/100 g 

DW; Fe: 2.9 ± 0.2 mg/100 g DW), consistent with the mineral-poor character typical of starchy 

underground storage organs in comparison with photosynthetically active leaf tissue. 

A strong positive correlation was observed between calcium and iron concentrations across the five 

species (Pearson r = 0.96, p < 0.01), suggesting that species with high calcium accumulation capacity 

also tend to accumulate iron efficiently, possibly reflecting shared uptake mechanisms or common soil 

conditions at the collection sites. The iron values recorded for M. oleifera (8.1 mg/100 g) and Cassia 

tora (6.5 mg/100 g) are noteworthy in the context of the recommended daily intake for iron, which is set 

at 17–21 mg/day for women of reproductive age in India according to the Indian Council of Medical 

Research (ICMR, 2020), given that a 100-gram serving of these species could contribute approximately 

31–48% of this requirement. 
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Table 2. Calcium and iron content of five wild edible plant species from the northern Western Ghats 

(mean ± SD, mg/100 g dry weight, n = 3). 

Species Calcium (mg/100 
g DW) 

Iron (mg/100 g 
DW) 

Amaranthus viridis 210 ± 4.2 5.8 ± 0.3 

Colocasia esculenta 180 ± 3.8 4.2 ± 0.2 

Dioscorea bulbifera 95 ± 2.1 2.9 ± 0.2 

Moringa oleifera 240 ± 5.1 8.1 ± 0.4 

Cassia tora 200 ± 3.5 6.5 ± 0.3 

3.3 Discussion 

The data presented here contribute empirical nutritional evidence for five wild taxa of ethnobotanical 

significance in the northern Western Ghats, a region whose traditional food systems have rarely been 

subjected to standardized biochemical analysis. The overarching finding — that all five species display 

nutritional profiles that are at minimum comparable to, and in several parameters superior to, 

commonly cultivated vegetables — carries implications for food policy, conservation management, 

and the documentation of indigenous dietary knowledge. 

The protein content of Moringa oleifera (18.7 g/100 g DW) recorded in the present study falls within the 

range of 17–27 g/100 g DW compiled by Fahey (2005) from globally sourced M. oleifera leaf samples, 

confirming that specimens from the northern Western Ghats are nutritionally representative of the 

species and not outliers. The slight variation from the uppermost reported values may reflect 

differences in leaf developmental stage, soil nitrogen availability, or water stress at the time of 

collection, all of which modulate leaf nitrogen concentrations in M. oleifera (Bhatt et al., 2020). The 

combination of high protein and high mineral content makes M. oleifera a candidate for incorporation 

into therapeutic food formulations targeting protein-energy malnutrition and iron-deficiency anaemia, 

conditions whose prevalence remains elevated in tribal districts of Maharashtra (NFHS-5, 2021). 

Amaranthus viridis and Cassia tora emerged as the second and third most protein-rich taxa in the study, 

with values that are consistent with data reported by Grubben and van Sloten (1981) and Neamsuvan 

et al. (2015) respectively. The protein quality of A. viridis is additionally supported by evidence in the 

literature that the genus Amaranthus contains well-balanced essential amino acid profiles, with lysine 

content that is notably higher than in cereal grains, making it a nutritionally synergistic complement to 
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cereal-dominated diets (Bressani, 1994). In rural and tribal communities of the northern Western 

Ghats, where maize and sorghum constitute the dietary base and protein-energy malnutrition is 

documented (NFHS-5, 2021), regular consumption of A. viridis leaves could plausibly contribute to 

improved protein quality of the diet without requiring changes in staple food preference. 

The iron values recorded for M. oleifera (8.1 mg/100 g DW), Cassia tora (6.5 mg/100 g DW), and A. viridis 

(5.8 mg/100 g DW) are considerably higher than the 2.7 mg/100 g DW for spinach or 1.2 mg/100 g DW 

for cabbage as listed in the Indian Food Composition Tables (Longvah et al., 2017). However, it must be 

noted that the bioavailability of non-haem iron from plant sources is substantially influenced by the 

concurrent intake of enhancers (ascorbic acid, organic acids) and inhibitors (phytate, oxalic acid, 

polyphenols) present in the food matrix (Hallberg and Hulthen, 2000). Moringa oleifera leaves, which 

contain documented ascorbic acid concentrations of 220 mg/100 g fresh weight (Fahey, 2005), may 

partially offset phytate-mediated inhibition of iron absorption, though in-vitro digestion studies and 

human bioavailability trials would be required to quantify this interaction definitively. 

Colocasia esculenta leaves exhibited moderate protein (10.5 g/100 g DW) and minerals (Ca: 180 mg; 

Fe: 4.2 mg/100 g DW), consistent with published data for taro leaves from Asian germplasm (Matthews, 

2004). The high moisture content of C. esculenta (72.0%) reduces its apparent fresh-weight nutritional 

density relative to drier leafy species, a consideration relevant to dietary intake estimates based on 

fresh-weight consumption data. Importantly, C. esculenta leaves contain calcium oxalate rap hides 

and prisms that must be inactivated by prolonged boiling with alkaline agents before the leaves are safe 

for consumption; this traditional processing step presumably also leaches some water-soluble 

nutrients, a loss that is not captured by the present analysis of dried powders and which warrants 

attention in future studies employing simulated cooking methods. 

Dioscorea bulbifera occupied a nutritionally distinct position among the five taxa, with the highest 

carbohydrate content (24.5 g/100 g DW) but the lowest protein and mineral concentrations. This profile 

accurately reflects the storage function of the aerial bulbil, which is primarily a starch repository rather 

than a metabolically active tissue. The role of D. bulbifera as a famine food and calorie supplement 

during the monsoon season — when cultivated crops are not yet mature — is therefore anchored in 

nutritional reality: the bulbil provides energy in a form that is culturally acceptable, freely available, and 

requiring minimal agricultural inputs. Nevertheless, the low iron content (2.9 mg/100 g DW) of this 

species means that communities relying heavily upon it during lean periods would benefit from 
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concurrent consumption of iron-rich complementary foods such as M. oleifera or Cassia tora to prevent 

nutritional anaemia. 

From the perspective of functional food chemistry, all five taxa investigated here have been associated 

with bioactive phytochemical constituents that complement their nutritive value. Mishra et al. (2020) 

documented that wild leafy plants from the Western Ghats region contain phenolic acids, flavonoids, 

and tannins at concentrations correlated with significant antioxidant capacity in DPPH and ABTS free-

radical scavenging assays. Cassia tora is of particular pharmacological interest because its 

anthraquinone derivatives — emodin, chrysophanol, and physcion — exhibit hepatoprotective, 

antifungal, and laxative activity, and its seeds are a commercial source of cassia gum, a 

galactomannan-based food additive approved by the European Food Safety Authority (Neamsuvan et 

al., 2015). The phytochemical and nutraceutical attributes of these species therefore add value beyond 

their basic nutritional contributions, supporting their promotion in integrative nutrition programmes 

that recognize food's preventive health dimensions. 

The broader context in which these findings must be interpreted includes the accelerating erosion of 

traditional food knowledge in the northern Western Ghats. Gaikwad et al. (2014) documented a 40% 

reduction in the frequency of wild plant consumption among households in Western Maharashtra over 

a 20-year period, driven by market food accessibility, urbanization, and social stigma around "forest 

foods." Scientific validation of the nutritional quality of these species, as provided by the present 

investigation, can serve as a counternarrative to the perception that wild foods are nutritionally inferior, 

potentially stimulating conservation-oriented consumption and supporting the inclusion of these 

species in Integrated Child Development Scheme (ICDS) supplementary feeding programmes where 

local procurement is feasible. 

Certain limitations of the present study merit acknowledgement. First, the proximate and mineral 

analyses provide quantitative data on nutrient content but do not address bioavailability, which 

depends on anti-nutritional factor concentrations, processing methods, and gut-level interactions that 

were outside the scope of this investigation. Second, lipid quality — including the fatty acid 

composition and ratio of omega-3 to omega-6 fatty acids — was not determined, and for species such 

as M. oleifera, where lipid quality is of nutritional significance, fatty acid profiling would add substantial 

interpretive value. Third, the calculated carbohydrate fraction by difference includes both available 

starch and dietary fibre, and their separate quantification by enzymatic methods (AOAC method 991.43 
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for total dietary fibre) would improve the nutritional characterization, particularly for D. bulbifera, whose 

resistant starch content may contribute to its prebiotic properties. These gaps represent logical 

directions for future research building on the baseline data reported here. 

CONCLUSION 

This study provides quantitative nutritional evidence establishing that five wild edible taxa collected 

from the northern Western Ghats — Amaranthus viridis, Colocasia esculenta, Dioscorea bulbifera, 

Moringa oleifera, and Cassia tora — are nutritionally competitive with, and in several respects superior 

to, widely consumed cultivated vegetables. Moringa oleifera stands out as the most nutritionally 

complete species among those examined, combining the highest protein (18.7 g/100 g DW), the most 

elevated calcium (240 mg/100 g DW), and the greatest iron concentration (8.1 mg/100 g DW) of any 

species in the study set. Cassia tora and Amaranthus viridis contribute significant protein and iron 

values that make them particularly relevant to addressing iron-deficiency anaemia in communities 

where they occur. The carbohydrate-rich profile of Dioscorea bulbifera validates its ethnobotanical role 

as an energy-dense famine food, though its low mineral content argues for dietary complementation 

with iron- and calcium-rich species when consumption is intensive. 

The findings collectively demonstrate that wild edible plants of the northern Western Ghats represent 

an underutilized nutritional resource whose potential contribution to household dietary quality has 

been largely invisible in formal nutrition policy. This invisibility arises partly from the absence of 

geographically specific, methodologically rigorous analytical data — a gap that the present 

investigation partially addresses. Future research should extend the taxonomic coverage to additional 

wild edible species in the region, incorporate bioavailability assessments through in-vitro digestion 

models, and quantify anti-nutritional factors and total dietary fibre to generate a comprehensive 

nutritional risk-benefit profile for each species. Parallel ethnobotanical documentation of consumption 

frequency, preparation methods, and cultural transmission of knowledge regarding these plants would 

enable the construction of realistic dietary intake estimates and facilitate evidence-based integration 

of wild plant taxa into supplementary nutrition programmes and biodiversity conservation agendas. 
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ABSTRACT  

For thousands of years, people have utilized ginger (Zingiber officinale) rhizomes as a medicinal herb. 

Ginger's chemical constituents are anticipated to provide health advantages, particularly as anti-

inflammatory and antioxidant substances that may function as immunomodulators. Numerous 

pertinent scientific studies that supported ginger's immunomodulatory potential due to its anti-

inflammatory and an antioxidant property served as the foundation for the literature study on the plant's 

function in immune system regulation. Prior to delving into the intricacies of the herbal plants, the 

biology of inflammation and oxidative stress was discussed. 

KEYWORDS  

Anti- Inflammatory, Antioxidant Properties 

INTRODUCTION  

The Zingiberaceae family includes ginger (Zingiber officinale Rosc.). Since it originated in South-East 

Asia, it has long been used as a condiment and spice in many nations.[1] Ginger (Zingiber officinale 

Roscoe), which is grown extensively in the southeast and adjacent nations of Asia, is generated and 

collected as an uneven, bumpy rhizome. There is no concrete information about the ginger plant's origin 

because it has been grown here for so long.[2] Ginger's biological action comes from its volatile and non-

volatile chemical composition. Sesquiterpenes and monoterpenoids are volatile components of ginger 

that are essential oils with distinct fragrances. However, ginger's potent, fiery flavor comes from non-

volatile components like gingerol, shogaol, zingerone, and paradol. Gingerol, the main component of 

raw ginger, is later converted into shogaol, zingerone, and paradol in ginger-based goods.[3] While 

scientific evidence supports ginger's anti-inflammatory and antioxidant properties, its putative 

neuroprotective benefit is a more specialized and understudied bioactivity. [4] In addition to infectious 
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agents like bacteria, viruses, and parasites, physical and chemical factors like heat, acid, cigarette 

smoke, and foreign objects can cause inflammatory disorders including gastritis, esophagitis, and 

hepatitis, which are risk factors for human cancer.[5] Ginger ingestion may help reduce naturally 

occurring quadriceps muscle soreness prior to moderate-intensity cycling exercise, although clinical 

results are mixed. For example, Black et al. (2008)[6] conducted a double-blind, placebo-controlled 

study and found that a 2 g dose of ginger did not significantly reduce muscle soreness or improve 

performance during or after cycling exercise. Nevertheless, ginger contains bioactive compounds such 

as gingerols and shogaols that have demonstrated anti-inflammatory properties in preclinical studies.[7] 

These compounds may decrease the expression of pro-inflammatory cytokines like TNF-α and IL-

1β.However, as noted by Mashhadi et al. (2013)[8] while laboratory and animal studies are promising, 

further research is required to confirm the anti-inflammatory effects of ginger in human populations. 

Ginger's anti-inflammatory properties, such as its ability to lower oxidative stress, block pro-

inflammatory cytokines, and alter inflammatory pathways, have been shown in studies. These insights 

have enabled mainstream medicine to embrace ginger as a natural remedy for inflammatory 

conditions. This comprehensive investigation examines the phytochemical features of ginger, 

emphasizing the active compounds and antioxidants that contribute to its anti-inflammatory 

qualities.[9] Antioxidant-derived immunomodulators promote general health by regulating the 

immunological response and oxidant-antioxidant balance. Antioxidants work both directly and 

indirectly by eliminating reactive oxygen-nitrogen species and improving the body's antioxidant 

equilibrium.[10] 

Ginger's pharmacological properties (Zingiber officinale Rosc.) 

The anti-inflammatory properties of ginger 

Ginger has long been used as an anti-inflammatory, and many of its ingredients have been shown to 

have anti-inflammatory properties.[11] Ginger has been shown to block the vanilloid nociceptor, interfere 

with the inflammatory cascade, and decrease prostaglandin biosynthesis19.[12,13]Ginger lowers 

prostaglandin synthesis by blocking cyclooxygenase-1 and cyclooxygenase-2, which has been shown 

to have pharmacological similarities to non-steroidal anti-inflammatory medications (NSAIDs).But 

what distinguishes ginger from NSAIDs is its ability to inhibit 5-lipoxygenase, which in turn suppresses 

the formation of leukotrienes.[12]The dual inhibitors of 5-lipoxygenase and cyclooxygenase, which may 

have a superior therapeutic profile and fewer side effects than NSAIDs, were discovered prior to 
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this.[13]A ginger extract (EV.EXT.77) from Zingiber officinale (and Alpina galanga) inhibits the activation of 

multiple genes implicated in the inflammatory response, including those encoding cytokines, 

chemokines, and the inducible enzyme cyclooxygenase-2. This finding offered the first proof that ginger 

alters the molecular pathways that cause chronic inflammation.[14] The opportunity to standardize and 

improve ginger products in terms of their effects on particular biomas is presented by the identification 

of the molecular targets of various ginger components.Ginger has about 40 distinct antioxidant 

chemicals that can be utilized to treat a range of inflammatory diseases. [15]Therefore, ginger's shogaols, 

gingerols, and diarylheptanoids may help lessen some inflammatory symptoms. Certain disorders, 

such as obesity, which is characterized by elevated levels of pro-inflammatory markers, can be treated 

with ginger. The paraoxonase-1 mechanism, which stops lipidic substances from accumulating in 

vessel walls, makes this particularly true. [12]TNF-α levels decreased at the end of the ginger treatment 

period, according to certain studies, indicating that ginger may be utilized as an adjuvant anti-

inflammatory treatment for specific conditions.[15] Furthermore, the synthesis of inflammatory 

mediators such as prostaglandin E2, NO, inflammatory cytokines (TNF-α), interleukin-1β (IL-1β), and 

pro-inflammatory transcription factors (NF-κB) is inhibited by ginger compounds including 6-gingerol 

and 6-shogaol.[12] They also inhibit COX-1 and COX-2. Because 6-shogaol inhibits the release of 

arachidonic acid and decreases the creation of nitric oxide (NO), it has been observed by numerous 

authors to have a stronger capacity to reduce inflammation. [16.,17]Therefore, ginger's shogaols, 

gingerols, and diarylheptanoids may help lessen some inflammatory symptoms. Certain disorders, 

such as obesity, which is characterized by elevated levels of pro-inflammatory markers, can be treated 

with ginger.[18]Specifically through the paraoxonase-1 mechanism, which stops lipidic compounds from 

building up in vessel wall.[12] Some studies have shown that TNF-α levels decreased following the ginger 

treatment period [19] ,which implies that ginger may be helpful as an adjuvant anti-inflammatory 

treatment for some conditions. Additionally, by inhibiting the production of inflammatory mediators 

such as prostaglandin E2, NO, inflammatory cytokines (TNF-α), interleukin-1β (IL-1β), and pro-

inflammatory transcription factor (NF-κB), ginger chemicals like 6-gingerol and 6-shogaol diminish 

inflammation. Furthermore, they suppress COX-1 and COX-2.[20] Several writers claim that 6-shogaol 

suppresses arachidonic acid release and lowers nitric oxide (NO) generation more than 6-gingerol.[21,22] 

Ginger's Impact on Inflammatory Conditions 

 Accordingly, several studies have shown that ginger's bioactive ingredients can successfully 
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lessen the symptoms of chronic inflammatory illnesses.[23] 

Rheumatoid Arthritis 

Rheumatoid arthritis (RA), a chronic autoimmune illness, is characterized by joint discomfort in the 

hands, feet, wrists, shoulders, elbows, hips, and knees. It is distinguished by close connection between 

innate and adaptive immune system mediators and cell.[24] Although the exact cause of RA is still 

unknown, environmental, genetic, and epigenetic variables all play a role. Inflammation of the synovial 

membrane causes pain, stiffness, and swelling, especially in the morning or after prolonged rest. In 

addition to the joints and surrounding tissues (muscles and tendons), chronic inflammation can 

damage other organs such as the kidney, heart, or lung, which can lead to decreased mobility and joint 

function.[25] Moreover, high and ongoing inflammation can cause fever, fatigue, asthenia, weight loss, 

and appetite loss.[26] Chronic inflammation is clearly caused by oxidative stress and a compromised 

immune system, even if the pathophysiological processes of RA are not fully understood. [27,28] The 

actual treatments for RA include immunomodulation or immunosuppression and anti-inflammatory 

medications, although they do not cure the condition. Given that RA is influenced by environmental 

factors, including nutrition, it seems logical to think that certain foods or minerals with anti-

inflammatory and antioxidant properties may be beneficial in this condition.[29]Ginger's anti-

inflammatory and antioxidant properties make it a fantastic choice in this respect. Ginger has been 

used as an anti-inflammatory in medicine since ancient times. This is now known to be the result of 

ginger's bioactive chemicals' capacity to inhibit the COX-2 and LOX pathways.[30] In vitro and in vivo 

studies have demonstrated the antiarthritic effects of ginger. [31] 6-shogaol is one of ginger's most 

prevalent bioactive substances. In vitro and in vivo, 6-shogaol has shown anti-inflammatory, 

antioxidant, neuroprotective, and cancer-preventive qualities.[32]6-shogaol successfully reduced the 

development of arthritis symptoms in vivo[33,34,35] leukocyte infiltration into the tissue, or paw edema.[36] 

In an animal model of arthritis, Bashir et al. confirmed that zingerone can reduce oxidative stress and 

inflammation. [37] According to a recent study, 8-shoagol is an effective chemical against synovitis, 

dramatically reducing inflammation and migration mediated by TNF-α, IL-1β, and IL-17 in both a RA 

patient and a 3D synovial culture system. Furthermore, they showed that 8-shogaol therapy restored 

joint pathologies in the adjuvant-induced rat model of arthritic arthritis, reduced inflammatory 

biomarkers in the joints, and improved walking performance by decreasing paw thickness. In 2022, 

Marhuenda et al.[38]  According to a recent study by Aryeian et al., giving 63 RA patients 1.5 g of ginger 
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daily dramatically reduced their levels of hs-CRP and IL-1B.[39]Furthermore, there was a notable 

reduction in TNFα in the ginger group. 

Inflammatory Bowel Disease 

A wide range of chronic inflammatory digestive illnesses with an uncertain etiology are collectively 

referred to as "inflammatory bowel disease" (IBD). Crohn's disease and ulcerative colitis are examples 

of these processes. Crohn's disease can develop anywhere in the gastrointestinal tract, from the mouth 

to the anus, but it usually affects the ascending colon and distal ileum. Although it can affect the entire 

colon, ulcerative colitis primarily affects the rectum and distal colon. Inflammation is an unequal and 

uneven process.Ulcerative colitis, as opposed to Crohn's disease, starts in the rectum and progresses 

to ulcerative proctitis.[40] The three most common clinical manifestations of ulcerative colitis are 

diarrhea, bloody mucoid stools, and abdominal pain. In terms of the disease's pathophysiology, it is 

known that in addition to hereditary variables, there are additional triggering factors, also referred to as 

environmental precipitants and disease cofactors. In this sense, in genetically predisposed individuals 

with impaired immune system control, a pathogen infection coupled with a dysfunctional intestinal 

barrier would be a precipitating factor, resulting in a persistent inflammatory response. Inflammation 

may arise from the immunological response of the gastrointestinal tract when the equilibrium between 

commensal bacteria and the immune system is upset. This alteration is more likely to occur in those 

who are genetically inclined.The gut microbiota plays an important role in the management of IBD.[41] 

Concerning the previously reported dysbiosis in patients with ulcerative colitis and Crohn's disease in 

comparison to controls, Guo et al.[42] illustrated how ginger can improve the gut microbiota's functioning 

and restore its diversity. Patients with Crohn's disease and ulcerative colitis are more likely to have 

firmicutes.[43] Gut homeostasis depends on toll-like receptors (TLRs), which serve as mediators 

between the immune system and the gut microbiota. Pathogen-associated molecular patterns 

(PAMPs), which regulate dendritic cell maturation, adaptive immunity, and innate immunity, are 

recognized and activated by TLRs. TLR expression increases when these rules are altered, increasing 

the likelihood of inflammatory cytokines and inflammatory bowel disorders.[44]TLR4 signaling is linked 

to inflammatory bowel disease and the efficacy of pharmaceutical treatment.[45]Bioactive substances 

found in a variety of foods can help prevent and treat inflammatory bowel illnesses. Among these 

substances is glycomacropeptide (GMP), a peptide produced from milk K-casein that has 

immunomodulatory, antibacterial, and prebiotic qualities. Curcumin is a yellow pigment found in 
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turmeric (Curcuma longa), an Indian spice with health benefits. Curcumin improves the altered 

intestinal barrier function caused by inflammation by lowering the expression of myosin light chain 

kinase (MLCK). Furthermore, it lessens the quantity of TNF-α, IL-4, IL-6, and IL-13 that MCs generate in 

response to allergens.[46] New, efficient medicines and adjuvants are required for IBD because 

traditional treatment might have negative side effects (including nausea, pancreatitis, and allergic 

responses) and is usually ineffective in some individuals.[47] Ginger has long been used to treat 

infections, diarrhea, and vomiting due to its anti-inflammatory, anti-tumor, anti-ulcer, and antioxidant 

qualities.[48] Ginger lowers inflammation in IBD by inhibiting the signal transducer of activators of 

transcription (STAT), mitogen-activated protein kinase (MAPK), TNF-α, nuclear factor kappa B (NF-κB), 

TNF-α, Nod-like receptor family proteins (NLRP), TLR, and mTOR pathways. Additionally, it inhibits the 

myeloperoxidase enzyme (MPO) and certain proinflammatory cytokines (IL-6, IL-1β).[49,50] Several 

authors have discovered that the rhizome's gingerols and shogaols lower hepatic markers of 

inflammation by inhibiting NF-κB activity after consuming a high-fat meal.[51]TNF-alpha suppression 

alters the inflammatory response and results in downregulated NF-κB signaling. The oral treatment of 

gingerol, a bioactive component of ginger, boosted IL-10 and lowered the levels of cytokines (IL-1beta, 

IL-6), TNF-alpha, and NF-kB (p65) in an animal model of mice with ulcerative colitis caused by dextran 

sulfate sodium. It also decreased the activities of monocyte chemoattractant protein-1 (MCP-1) and 

cyclooxygenase-2 (COX-2).[49] 6-Shogaol, a bioactive substance found in dried ginger, has anti-

inflammatory properties. Several studies have observed that it increases the expression of nuclear 

factor (erythroid-derived 2)-like 2 (Nrf-2) and heme oxygenase (HO-1) in a mouse model of DDS-induced 

colitis. It has also been shown to decrease the expression of TNF-alpha, IL-1beta, and IL-6.[7,52] However, 

there are currently limited and often contradictory findings because Van Tilburg et al. conducted a pilot 

research with 45 IBD patients.[53] discovered that ginger had no beneficial effects in comparison to a 

placebo group. By decreasing NF-kβ, which in turn decreases the production of cytokinegenes ,ginger 

reduces inflammation.[7,54]According to multiple publications, ingesting ginger plus metformin in 

liposomes for 21 days lowers TNF-α and IL-22 levels.[55] These results imply that ginger's bioactive 

components might provide an alternative method of psoriasis treatment. 

MATERIALS AND METHODS 
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This review focuses on the phytochemical components of ginger, primarily 6-gingerol, 6-shogaol, and 

zingerone and their role in modulating oxidative stress and inflammatory pathways.  

Data Sources and Search Strategy: The literature review is conducted by searching major electronic 

databases for peer-reviewed articles 

RESULTS AND DISCUSSION 

Phytochemistry 

According to phytochemical study, the ginger rhizome includes several physiologically active 

chemicals with medicinal properties. [56,57]Essential oils, phenolic chemicals, flavonoids, proteins, 

carbohydrates, alkaloids, glycosides, saponins, steroids, terpenoids, and tannin are said to be the 

primary phytochemical groups present in Z. officinale. [58] 

 Pharmacological significance 

Ginger and its main ingredients are known to have positive therapeutic qualities in addition to their 

culinary application.[8,56]Their effectiveness in treating diabetes, obesity, diarrhea, allergies, pain, fever, 

rheumatoid arthritis, inflammation, and different types of cancer has been substantiated by several 

pre-clinical investigations.[5,59] Ginger's physiologically active components have been successfully used 

in animal models to treat tumors that have been created in the intestine, breast, ovaries, pancreas, liver, 

central nervous system, and cardiovascular diseases.[60] Because of their capacity to prevent the 

oxidation of different free radicals and the generation of nitric oxide, ginger and its metabolites have 

been acknowledged as powerful antioxidants.[61,62] 

Effect on cardiac system 

Numerous vascular and cardiac conditions, such as renal failure, CHF, IHD, CHD, and stroke, are 

directly caused by elevated blood pressure, or hypertension. Many herbal remedies target the heart and 

other abnormal cardiac conditions directly. Zingiber offincinale is among the herbal remedies 

mentioned by Acharya Charak and Sushruta as having "Hridya," or action on the heart (helpful in 

treating a range of cardiac diseases).[63] Ginger's heart muscle-stimulating properties help boost blood 

flow throughout the body. Theoretically, increased blood flow promotes cellular metabolism, which 

reduces tension and cramping Additionally, it lessens cardiac strain and blood pressure. Ginger's 

antioxidant properties are still another advantage. Umesh Bhandari, Neeraj Chaudhary, and K.K. 

Khanna have provided a thorough understanding of the antioxidant defense role against isoproterenol-

induced oxidative cardiac injury in rats.[64] 
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Ginger’s Antioxidant activity 

It has been demonstrated that the development of many chronic diseases is significantly influenced by 

the overproduction of free radicals, such as reactive oxygen species (ROS).[65]Ginger's antioxidant 

activity was assessed in vitro using the ferric-reducing antioxidant power (FRAP), 2,2-diphenyl-1-

picrylhydrazyl (DPPH), and 2,2′-azinobis-(3-ethylbenzothiazole-6-sulfonic acid) (ABTS) 

techniques.Compared to fresh, stir-fried, and carbonized ginger, dried ginger has 5,2, and 1,1 times as 

much phenolic chemicals, respectively. The following traits were typically seen in the antioxidant 

activity of different gingers: Ginger that has been dried, stir-fried, carbonized, and then fresh. 
[66]Furthermore, evidence from FRAP, oxygen radical absorbance capacity, and cellular antioxidant 

activity assays showed significant antioxidant activity in a polyphenol-rich fraction of the dried ginger 

powder.[67] Moreover, the kind of extraction solvent employed may have an effect on ginger's antioxidant 

activity. While an aqueous extract of ginger demonstrated strong free radical scavenging activity and 

chelating aptitude, an ethanolic extract demonstrated a notable antioxidant capacity and ferric-

reducing ability.[67]Ginger extract shown antioxidant qualities in human chondrocyte cells, where 

interleukin-1 induced oxidative damage.[7] It reduced lipid peroxidation and reactive oxygen species 

formation while increasing the production of antioxidant enzymes. In stressed rat heart homogenates, 

ginger extract reduced the amount of malondialdehyde (MDA), which is linked to lipid peroxidation.[68]To 

fight the free radicals that lead to oxidative stress in cells, antioxidants are commonly used. Antioxidant 

compounds can be made from natural resources, such as plants. Plants possess antioxidant qualities 

due to the presence of flavones, isoflavones, flavonoids, anthocyanin, coumarin lignans, catechins, 

and isocatechins.[69]Z. officinale has been shown in numerous studies to exhibit antioxidant action 

against a variety of free radicals. The main ingredients in ginger, including zingerone, shogaols, and 

gingerols, have potent antioxidant qualities.[56] Its primary purpose is to prevent the production of 

reactive oxygen species by an enzyme known as xanthine oxidase.[70] Through a mechanism that 

protects the smooth muscle of the gut from oxidative stress, gingerone has been demonstrated to 

protect in vitro DNA from oxidative damage brought on by ROS produced by stannous chloride.[71]These 

substances greatly enhance ginger's antioxidant defense by scavenging DPPH radicals.[67] 

Anti-inflammatory and immunomodulatory activities 

The pathogenesis of several diseases, such as atherosclerosis, cancer, diabetes, rheumatoid arthritis, 

and aging, is significantly influenced by chronic inflammation in particular. [72]Ginger and its numerous 
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active components have long been shown to have anti-inflammatory qualities in studies.[7] At first, it 

was believed that ginger's capacity to inhibit the synthesis of prostaglandins and leukotrienes was the 

main factor responsible for its anti-inflammatory effects.[54] Both fresh ginger, which is mostly 

composed of gingerols, and dried ginger extracts, a major source of shogal, have been demonstrated 

to prevent the production of prostaglandin E2 (PGE2) brought on by lipopolysaccharide (LPS).[73]   

CONCLUSION 

Ginger (Zingiber officinale) has well-established anti-inflammatory and antioxidant qualities, which are 

mostly due to its bioactive components, which include zingerone, shogaols, and gingerols. Rheumatoid 

arthritis, inflammatory bowel disease, and cardiovascular problems can all benefit from these 

substances' ability to control important inflammatory mediators and oxidative stress pathways. More 

thorough clinical trials are necessary to confirm its effectiveness, establish the ideal dosage, and 

guarantee safety, even though preclinical research appears encouraging. Ginger is a promising 

supplementary treatment for disorders linked to inflammation, which is in line with the growing interest 

in plant-based therapies. 

ACKNOWLEDGMENT  

We would like to thank everyone who helped to complete this review article. Our heartfelt thanks go to 

the broader scientific community and researchers whose work laid the foundation for this review. Their 

contributions to the understanding of ginger's pharmacological properties have been instrumental in 

shaping this article.We are especially thankful to our colleagues and mentors for their valuable 

feedback, constructive suggestions, and continuous encouragement throughout the development of 

this work. We also acknowledge the support of our respective institutions for providing access to the 

necessary resources, literature, and research facilities.Lastly, we deeply appreciate our families and 

friends for their unwavering support, patience, and understanding during the course of this work.  

 Every chemical is listed in the table according to its chemical class 

Table 1. Active phytochemical constituents of Zingiber officinale. 

CHEMICAL CLASS NAME OF PHYTOCOMPOUNDS 
Vitamin Vit. B5, B6, E. 
Sesquiterpene Zingiberene, β-Sesquiphellandrene, β-

Besabolene 
Non-volatile pungent scaffolds Gingerols (GN), Shogaols, Paradols, 

Zingerone 
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Mineral Iron, Magnesium, Phosphorous, Calcium, 
Sodium 

Monoterpenoid β-phelladrene, cineol, and citral 

Chemical Structures of Ginger-Derived Bioactive Constituents. 
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Figure_1 

‘Therapeutic Role of Ginger in Various diseases’ 

 

  

Figure_2 

‘Ginger and it’s bioactive components’ 

 

  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

156  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

 

 

REFERENCES 

[1] Park EJ, Pizzuto JM. Botanicals in cancer chemoprevention. Cancer Metastasis Rev 2002;21:231–

55. doi:10.1023/a:1021254725842 

[2] Elzebroek ATG, Wind K. Guide to Cultivated Plants. Wallingford, CT: CABI; 2008. p.540 

[3] Wohlmuth H, Leach DN, Smith MK, Myers SP. Gingerol content of diploid and tetraploid clones of 

ginger (Zingiber officinale Roscoe). J Agric Food Chem 2005;53:5772–78. doi:10.1021/jf050435b 

[4] Arcusa R, Villaño D, Marhuenda J, Cano M, Cerdà B, Zafrilla P. Potential role of ginger (Zingiber 

officinale Roscoe) in the prevention of neurodegenerative diseases. Front Nutr 2022;9:809621. 

doi:10.3389/fnut.2022.809621 

[5] Prasad S, Tyagi AK. Ginger and its constituents: Role in prevention and treatment of gastrointestinal 

cancer. Gastroenterol Res Pract 2015;2015:142979. doi:10.1155/2015/142979 

[6] Black CD, Herring MP, Hurley DJ, O’Connor PJ. Ginger (Zingiber officinale) reduces muscle pain 

caused by eccentric exercise. J Pain 2008;9:847–53. doi:10.1016/j.jpain.2008.05.003 

[7] Grzanna R, Lindmark L, Frondoza CG. Ginger—an herbal medicinal product with broad anti 

inflammatory actions. J Med Food 2005;8:125–32. doi:10.1089/jmf.2005.8.125 

[8] Mashhadi NS, Ghiasvand R, Askari G, Hariri M, Darvishi L, Mofid MR. Anti oxidative and anti 

inflammatory effects of ginger in health and physical activity: Review of current evidence. Int J Prev 

Med 2013;4(Suppl 1):S36–42 

[9] Shaukat MN, Nazir A, Fallico B. Ginger bioactives: A comprehensive review of health benefits and 

potential food applications. Crit Rev Food Sci Nutr 2023;63:671–90. 

Figure_3 

‘General mechanism’ 

 

  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

157  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

doi:10.1080/10408398.2021.1911691 

[10] Ortuño Sahagún D, Zänker K, Rawat AKS, Kaveri SV, Hegde P. Natural immunomodulators. J 

Immunol Res 2017;2017:7529408. doi:10.1155/2017/7529408 

[11] Singletary K. Ginger: an overview of health benefits. Nutr Today 2010;45:171–83. 

doi:10.1097/NT.0b013e3181e0d049 

[12] Mohd Yusof YA. Gingerol and its role in chronic diseases. In: Advances in Experimental Medicine 

and Biology. Vol 929. New York: Springer; 2016. p.177–207. doi:10.1007/978 3 319 41342 6_10 

[13] Fakhri S, Patra JK, Das SK, Das G, Majnooni MB, Farzaei MH. Ginger and heart health: from 

mechanisms to therapeutics. Curr Mol Pharmacol 2021;14:943–59. 

doi:10.2174/1874467208666210112142052 

[14] Arcusa R, Villaño D, Marhuenda J, Cano M, Cerdà B, Zafrilla P. Potential role of ginger (Zingiber 

officinale Roscoe) in the prevention of neurodegenerative diseases. Front Nutr 2022;9:809621. 

doi:10.3389/fnut.2022.809621 

[15] Mao QQ, Xu XY, Cao SY, Gan RY, Corke H, Beta T, Li HB. Bioactive compounds and bioactivities of 

ginger (Zingiber officinale Roscoe). Foods 2019;8:185. doi:10.3390/foods8060185 

[16] Kamaruddin MSH, Chong GH, Mohd Daud N, Putra NR, Md Salleh L, Suleiman N. Bioactivities and 

green advanced extraction technologies of ginger oleoresin extracts: a review. Food Res Int 

2023;164:112283. doi:10.1016/j.foodres.2022.112283 

[17] Kubra IR, Rao LJM. An impression on current developments in the technology, chemistry, and 

biological activities of ginger (Zingiber officinale Roscoe). Crit Rev Food Sci Nutr 2012;52:651–88 

[18] Berrino F, Villarini A, Traina A, Bonanni B, Panico S, Mano MP, Mercandino A, Galasso R, Barbero 

M, Simeoni M, et al. Metabolic syndrome and breast cancer prognosis. Breast Cancer Res Treat 

2014;147:159–65 

[19] Kart L, Buyukoglan H, Tekin IO, Altin R, Senturk Z, Gulmez I, Demir R, Ozesmi M. Correlation of 

serum TNF α, IL 4 and soluble IL 2 receptor levels with radiologic and clinical manifestations in active 

pulmonary tuberculosis. Mediators Inflamm 2003;12:9–14 

[20] Jiang TA. Health benefits of culinary herbs and spices. J AOAC Int 2019;102:395–411 

[21] Sang S, Hong J, Wu H, Liu J, Yang CS, Pan MH, Badmaev V, Ho CT. Increased growth inhibitory 

effects on human cancer cells and anti inflammatory potency of shogaols from Zingiber officinale 

relative to gingerols. J Agric Food Chem 2009;57:10645–50 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

158  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

[22] Sang S, Lichtman AH, Pillai S. Gingerol and [6] shogaol. J Ethnopharmacol 2016;127:515–20 

[23] Manasa D, Srinivas P, Sowbhagya HB. Enzyme assisted extraction of bioactive compounds from 

ginger (Zingiber officinale Roscoe). Food Chem 2013;139:509–14 

[24] Petrelli F, Mariani FM, Alunno A, Puxeddu I. Pathogenesis of rheumatoid arthritis: one year in 

review 2022. Clin Exp Rheumatol 2022;40:475–82 

[25] Radu AF, Bungau SG. Management of rheumatoid arthritis: an overview. Cells 2021;10:2857 

[26] Bullock J, Rizvi SA, Saleh AM, Ahmed SS, Do DP, Ansari RA, Ahmed J. Rheumatoid arthritis: a brief 

overview of the treatment. Med Princ Pract 2018;27:501–7 

[27] Da Fonseca LJS, Nunes Souza V, Goulart MOF, Rabelo LA. Oxidative stress in rheumatoid arthritis: 

what the future might hold regarding novel biomarkers and add on therapies. Oxid Med Cell Longev 

2019;2019:7536805 

[28] Scherer HU, Häupl T, Burmester GR. The etiology of rheumatoid arthritis. J Autoimmun 

2020;110:102400 

[29] Nelson J, Sjöblom H, Gjertsson I, Ulven SM, Lindqvist HM, Bärebring L. Do interventions with diet 

or dietary supplements reduce the disease activity score in rheumatoid arthritis? A systematic review 

of randomized controlled trials. Nutrients 2020;12:2991 

[30] Funk JL, Frye JB, Oyarzo JN, Chen J, Zhang H, Timmermann BN. Anti inflammatory effects of the 

essential oils of ginger (Zingiber officinale Roscoe) in experimental rheumatoid arthritis. 

PharmaNutrition 2016;4:123–31 

[31] Funk JL, Frye JB, Oyarzo JN, Timmermann BN. Comparative effects of two gingerol containing 

Zingiber officinale extracts on experimental rheumatoid arthritis. J Nat Prod 2009;72:403–7 

[32] Bischoff Kont I, Primke T, Niebergall LS, Zech T, Fürst R. Ginger constituent 6 shogaol inhibits 

inflammation and angiogenesis related cell functions in primary human endothelial cells. Front 

Pharmacol 2022;13:844767 

[33] Nonaka K, Bando M, Sakamoto E, Inagaki Y, Naruishi K, Yumoto H, Kido JI. 6 Shogaol inhibits 

advanced glycation end products–induced IL 6 and ICAM 1 expression by regulating oxidative 

responses in human gingival fibroblasts. Molecules 2019;24:3705 

[34] Yang C, Long D, Sung J, Alghoul Z, Merlin D. Orally administered natural lipid nanoparticle loaded 

6 shogaol shapes the anti inflammatory microbiota and metabolome. Pharmaceutics 2021;13:1355 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

159  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

[35] Bischoff Kont I, Fürst R. Benefits of ginger and its constituent 6 shogaol in inhibiting inflammatory 

processes. Pharmaceuticals 2021;14:571 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

160  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

FORMULATION AND EVALUATION OF A READY-TO-MIX POLYHERBAL MIXTURE 

Mayuri P. Gangurde1, Dr. Mayur T. Gaikar2, Sayali N. Kote3 

13Research Scholar, Department of Pharmacology, PRES’s College of Pharmacy (For Women)  
2Assistant Professor, Department of Pharmacology, PRES’s College of Pharmacy (For Women), 

Chincholi, Nashik 

mayurigangurde77@gmail.com1  

ABSTRACT  

The present study was aimed at the development and evaluation of a ready-to-mix polyherbal skin 

mask powder using selected medicinal plant materials, namely green tea powder (Camellia sinensis), 

licorice root powder (Glycyrrhiza glabra), tulsi powder (Ocimum sanctum), aloe vera dried gel powder 

(Aloe barbadensis miller), rose petal powder (Rosa species), and neem powder (Azadirachta indica). 

These herbal ingredients were selected based on their well-documented antioxidant, anti-

inflammatory, antimicrobial, soothing, and skin-protective properties. Green tea is rich in polyphenols 

and provides strong antioxidant and anti-aging effects. Licorice root is known for its skin-brightening, 

anti-inflammatory, and soothing activities. Tulsi and neem possess significant antimicrobial and anti-

inflammatory properties, making them suitable for acne-prone and irritated skin. Aloe vera dried gel 

powder acts as a natural moisturizer and skin-soothing agent, while rose petal powder contributes to 

skin toning, refreshing, and calming effects. All the herbal powders were properly dried, powdered, 

sieved, and blended in suitable proportions to obtain a uniform, free-flowing, ready-to-mix formulation. 

The developed formulation is intended to be mixed with water or rose water before application to form 

a smooth paste for topical use. The polyherbal combination is expected to provide synergistic effects 

such as cleansing, soothing, brightening, moisturizing, and protection of the skin from oxidative stress. 

Thus, the formulated herbal skin mask powder represents a natural, safe, and effective cosmetic 

preparation without the use of synthetic chemicals and it has potential application in routine skincare 

for maintaining healthy and radiant skin. 

KEYWORDS  

Antioxidant activity, Anti-inflammatory activity, skin brightening, Moisturizing agent, Acne 

management, skin soothing 

INTRODUCTION  
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Everyone wants to have fair and attractive skin. Today, acne, blackheads, pimples, dark circles are 

common among young people and people suffering from them. According to Ayurveda, skin problems 

are usually due to impurities in the blood. Toxins that accumulate in the blood from improper diet and 

lifestyle cause skin related diseases. Various herbs and medicines are prescribed in Ayurveda to purify 

the blood. The herbal paste applied to the face to treat acne, pimples, scars, scars and pigments is 

known as "Mukhalepa" in Ayurveda. The process of spreading this mixture of herbs on the face is known 

as "Mukhalepana". This beauty treatment is popular as a facial [1]. Various skin types require various 

kinds of herbal face packs. Homemade natural face packs and masks make way for smooth, healthy 

and silky skin. In Ayurveda, the herbal paste applied to the pace is known as “Mukhalepa” for treating 

acne, pimples, wounds, stain and pigments “Mukhalepana” is the process of smearing a herbal mix on 

face. This therapy is now popularly termed as facial [2].  

From the ancient period of time, people are of the use of plants for healthy, glowing and beautiful skin. 

Cosmetic are used to clean, beautify and promote attractive appearance of the skin, hair, lips. 

Cosmetics are commercially available products that are used to improve the appearance of the skin by 

action of cleansing, beautifying, promoting attractiveness. Face skin is the major part of the body, which 

indicates the health of an individual [3]. A balanced nutrition containing amino acids, carbohydrates and 

lipids are required for the skin it clear, glossy, and healthy. Women are very conscious about their beauty 

and took special care of their special care of their specific skin type [4]. 

Due to increased pollution and global warming the quality of air is deteriorated and harmful UV rays are 

causing much more damage to skin. In this time formulation of herbal face pack is like boon for skin 

healing. Different types of skin need different types of herbal face packs. The herbal face packs which 

are mentioned in ayurveda help women to get rid of wrinkles, dark circles, pimples and acne. Herbal 

face packs increase the fairness and smoothness of skin. We can derive the maximum benefits of 

herbal face packs by using them according to our skin type. These face packs increase skin glow and 

are best ayurveda treatment to increase fairness [5]. 

Face mask will be helpful in tightening the skin on the face and help in avoiding the appearing of scars 

and dark marks. After 15 to 20 minutes the face mask can be removed with Luke warm water as it helps 

in smooth removal of face pack. The herbal face packs are helps to reduce wrinkles, pimples, acne, 

blemishes, pustules, nodules and also dark circles. It also helps to increases the fairness and 

smoothness of the facial skin [6]. 
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Different types of herbal face packs are suitable for various skin types, such as oily or dry skin.The 

herbal face pack act by improving blood circulation in the veins of skin but the effect of facial face packs 

generally temporary, so for regular glow it should be used 2-3 times a week [7]. 

The skin functions as a protector from exposure to UV rays. Exposure to UV rays for a long time can often 

cause skin problems, namely hyperpigmentation. Hyperpigmentation is a condition of uneven 

pigmentation in skin, and an increase in excess melanin production which causes darkening or an 

increase in skin  

color[8]. 

The formulation process began with the selection of ingredients known for their beneficial properties.   

Liquorice (Glycyrrhiza glabra) serves as the primary active ingredient due to its anti-aging, UV 

protective, and skin-brightening effects. Rose powder adds moisturizing and cooling effects while 

Neem is treating the anti-inflammatory effect. Each ingredient contributes to the overall effectiveness 

of the face pack, ensuring a synergistic approach to skin rejuvenation[9]. 

Different types of herbal face pack are used for different skin types. Herbal face pack helps reduce 

wrinkles, acne, acne and dark circles. And increase the smoothness and smoothness of the skin. It also 

helps a person to develop self-confidence. Ayurveda is a very effective and efficient way to achieve this 

goal[10]. 

Aloe vera has many active compounds that help to reduce acne, soothe the skin, keep it hydrated, and 

heal skin problems. The dried aloe vera used in the face pack also gives these benefits to the skin [11]. 

There are different types of facial masks described in Ayurveda that have nutritional, healing, cleansing, 

astringent and antiseptic properties. Ayurveda is the science of life which deals with maintenance of 

health of healthy persons and cure of ailing humanity as its main ambition[12]. 

Herbal face packs are nowadays being used on a large scale, due to the various benefits of them over 

chemical based packs. They are non-toxic, non-allergic, and non-habit forming. They are natural in 

every aspect, having larger shelf-life. 

Green tea has natural compounds that help reduce acne, control excess oil, and protect the skin. The 

dried green tea used in the face pack also gives these benefits and keeps the skin healthy [13]. 

Tulsi has natural compounds that help reduce acne, control oil, and protect the skin. The dried tulsi 

powder used in the face pack also gives these benefits and keeps the skin healthy [14]. 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

163  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

Herbal face packs preparations are applied on the face in the form of liquid or pastes and allowed to 

dry and set to form film giving lightening, strengthening and cleansing effect to the skin. The warmth 

and tightening effect produced by application of the face pack produces the stimulating sensation of a 

rejuvenated face, while the colloidal and adsorption clays used in these preparations remove the dirt 

and grease from the skin of the face. Herbal face packs are used for the purpose like deep cleansing, 

astringents, stimulating, tanning, hydrating and nourishing[15]. 

Advantages of herbal facial mask: 

1.Natural and safe  

2.Chemical free formulation 

3.Cleansing, moisturizing,soothing, and brightening effects 

4.Antioxidant properties 

5.Anti-inflammatory action: Reduces redness, irritation and inflammation 

6.Antimicrobial activity: Acne, pimples, and skin infections 

7.Skin brightening and glow 

8.Moisturizing and hydration: Prevents dryness and keeps skin soft 

9.Eco-friendly and Biodegradable 

10.Easy to store (Powder form): Longer shelf life compared to liquid products, less microbial 

contamination. 

Disadvantages of herbal facial mask: 

1.Short shelf life after mixing 

2.Possibility of allergic reactions 

3.Slower results 

4.Less standardization 

5.Sometimes our skin displays signs of irritability and redness. 

OBJECTIVES 

1. To formulate a safe and effective ready-to-mix herbal facial pack using natural ingredients.  

2. To evaluate the anti-acne and anti-pimple properties of the herbal formulation.  

3. To study the cleansing action of the face pack in removing dead skin cells and impurities.  

4. To assess the oil control ability of the formulation for maintaining balanced skin.  

5. To evaluate the skin brightening and glow-enhancing effect of the face pack.  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

164  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

6. To study the effect of herbal ingredients on reducing scars, marks, and pigmentation.  

7. To evaluate the anti-aging properties, including reduction of wrinkles and fine lines.  

8. To assess the improvement in skin texture, elasticity, and overall appearance.  

9. To ensure the safety and stability of the formulation without using synthetic preservatives [16]. 

MATERIALS AND METHODS 

All the herbal ingredients used in the present work i.e., rose petal, tulsi powder, green tea powder, neem, 

licorice root powder, aloe vera was purchased from local market in the form of dried powder. 

A.GREEN TEA: 

Biological source: The biological source of green tea is the leaves and leaf buds of the evergreen plant 

Camellia sinensis, belonging to the theaceae family, native to asia, with its health benefits largely 

attributed to its rich polyphenols, particularly catechins like EGCG, which aren’t fully oxidized during 

processing, making it distinct from black tea.  

Green tea is touted to be one of the healthiest beverages on the planet. It’s loaded with antioxidants 

that have many health benefits. Tea is rich in polyphenols, which are natural compounds that have 

health benefits, such as reducing inflammation and helping to fight cancer. Contains healthy bioactive 

compounds. Green tea does more than just keep you alert; it may also help boost brain function. 

Increases fat burning. Antioxidants may lower the risk of some cancers. May protect the brain from 

aging and reduce bad breath. May help to prevent cardiovascular disease. May help you lose weight. 

May help you live longer [17]. 

Scientific name: camellia sinensis 

Plant type: An evergreen shrub or small tree, usually kept trimmed for easy harvesting. 

Family: Theaceae 

Origin: China, but now cultivated across Asia. 

Processing: Unlike black tea, green tea leaves are minimally processed [not withered or oxidized], 

preserving more of their natural compounds, especially catechins. 

Bioactive Compounds: Rich in antioxidants, particularly polyphenols like flavonoids and catechins 

[EGCG, EC, ECG], caffeine, and other substances that contribute to its therapeutic effects. 

Chemical constituents: Green tea in facial sheet masks primarily utilizes polyphenols, specifically 

catechins like epigallocatechin gallate (EGCG), which provide potent antioxidant, anti-inflammatory, 

and anti-aging benefits to fight free radicals, reduce UV damage, and soothe irritation. Other key 
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components include caffeine to reduce puffiness, tannins to tighten pores, and nutrients like vitamins 

E and C. 

Active components of green tea in masks: 

Polyphenols [Catechins]: The main active compounds, particularly Epigallocatechin Gallate [EGCG], 

act as powerful antioxidants that repair DAN damage from UV rays and neutralize free radicals. 

Caffeine: Acts as a stimulant to increase circulation and acts as a vasoconstrictor to reduce facial 

puffiness and dark circles. 

Tannins: Function as natural astringents, which help to shrink pores, control excess oil production, and 

tighten the skin. 

Theanine: An amino acid with anti-inflammatory properties that helps soothe irritated or acne-prone 

skin. 

Vitamins and Minerals: Rich in vitamins A, C, E, and B-complex, which aid in skin nourishment, 

collagen maintenance, and overall skin health. 

Chlorophyll: Provides detoxification properties to the skin. These compounds are often extracted into 

a glycerite[using glycerin] or formulated as a Concentrated extract in masks to improve elasticity, 

reduce acne, and enhance radiance[18]. 

Skin Benefits of Green Tea: 

Green tea offers significant skin benefits, primarily driven by its high concentration of polyphenols 

(specifically EGCG), which act as powerful antioxidants to Fight free radicals, reduce inflammation, and 

combat premature aging. It helps minimize acne by controlling sebum production, reduces under-eye 

puffiness, and hydrates the skin.  

Fights Acne: Green tea possesses antibacterial properties that help unclog pores, cleanse the skin, 

and reduce sebum production, making it effective for acne-prone skin. 

Anti-Aging: It protects against UV damage, repairs skin cells, and maintains collagen, which reduces 

fine lines, wrinkles, and improves skin elasticity. 

Reduces Inflammation & Redness: The anti-inflammatory properties of green tea help calm irritation, 

soothe skin conditions like eczema, and reduce redness[19]. 

Brightens & Hydrates: It provides essential moisture to the skin, helping it look more radiant and 

improving overall complexion. 
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Reduces Puffiness: The caffeine in green tea helps shrink blood vessels, effectively reducing under-

eye bags and dark circles. 

Provides UV Protection: Polyphenols in green tea help protect the skin from damage caused by sun 

exposure[20].  

Benefits of green tea: 

Moisturing and skin texture improvement: 

In a clinical study, cosmetic formulations containing green tea[camellia sinensis] with 6% extract were 

applied topically to human skin. 

Results showed that: 

Skin moisture increased over 15-30 days. 

Transepidermal water loss[TEWL] reduced. 

Skin roughness decreased. 

This indicates a prolonged moisturizing effect and improved skin surface condition with green tea-

containing cosmetics. 

Anti-inflammatory and photoprotective effects: 

Research shows that green tea polyphenols, especially EGCG, can: 

Reduce UVB-induced skin damage. 

Protect against oxidative stress and immune suppression. 

Decrease inflammatory responses. 

These results support green tea as an antioxidant and protective skin care agent[21]. 

Clinical facial application study: 

A split- face, placebo-controlled clinical trial evaluated green tea extract encapsulated in chitosan 

microparticles applied topically on the face. 

Results included: 

Improved skin elasticity. 

Reduced skin dullness. 

Less visible facial wrinkles. 

There were no signs of irritation, showing safety and cosmetic benefit. 

Acne Reduction evidence: 
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A systematic review of randomized clinical trials found that topical green tea extract significantly 

reduced acne lesions [both inflammatory and non- inflammatory] when applied directly to the skin. 

This shows green tea’s potential in acne management when used in skin care products. 

Anti-Aging and photoaging benefits: 

Antioxidant action against UV induced cellular damage.  

Reduced erythema and DNA damage. 

Protective effects in topical applications at certain concentrations. 

This supports the inclusion of green tea in anti-aging and protective skin care formulation[22]. 

B. LIQUORICE ROOT POWDER: 

Liquorice root powder (often referred to as Mulethi powder in Ayurveda) is a natural skincare ingredient 

derived from the root of the glycyrrhiza glabra plant. It is widely used to treat skin pigmentation, 

hyperpigmentation, acne, and inflammation. 

Liquorice is one of the most used herbal plants in foods, in medicinal forms, and substantially 

researched on a worldwide scale. It was used as traditional and complementary medicine against 

innumerable ailments including allergies, liver toxicity, gastric ulcer, lung diseses, skin disorders, oral 

health problems including allergies, liver toxicity, gastric ulcer, lung diseases, skin disorders, oral health 

problems including tooth decay, and inflammation[23]. 

Glycyrrhizin has been found to exhibit natural UV(ultraviolet) radiation blocking properties. When 

applied topically, glycyrrhizin creates a protective shield on the skin's surface. This shield operates by 

either deflecting or absorbing a portion of the incoming UV radiation, thus mitigating its potential to 

penetrate and harm the underlying skin layers. In the annals of Ayurvedic medicine, the traditional 

healthcare system of India, liquorice found a prominent role [24]. 

If you suffer from hyperpigmentation, a condition in which patches of skin become darker than the 

surrounding skin due to increased deposition of melanin in these Areas, liquorice root can return the 

skin to a lighter color when used on the dark area every day. If you suffer from melasma (also known as 

pregnancy mask), this is a great natural solution to lighten your skin after birth. Liquorice root is said to 

have a positive effect on the skin and help reduce inflammation. Glycyrrhizin found in the bark can 

reduce redness, irritation and swelling and is used to treat skin conditions such as atopic dermatitis 

and eczema. Liquorice root helps renew the skin’s collagen and produce elastin; Both of these are 

essential to keep our skin soft, supple and baby-soft. Not only that, walnuts also help store Hyaluronic 
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acid, a sugar molecule that can hold up toTimes its own weight in water, keeping the skin plump and 

plump[25]. 

Biological Source and Characteristics: 

Botanical Name:  Glycyrrhiza glabra Linn. 

Family: Fabaceae (or Leguminosae). 

Common Names: Mulethi (Hindi), Yashtimadhu, Liquorice, Sweet wood. 

Plant Part Used: Roots and underground stems (stolons). 

Geographical Distribution: Native to the Mediterranean region, Asia, and the Middle East, with major 

cultivation in India, China, Spain, and Iran. 

Active Compounds of Liquorice root powder: 

Glabridin: A potent antioxidant that helps inhibit tyrosinase (the enzyme responsible for melanin 

production), which aids in lightening dark spots, acne marks, and sun damage. 

Glycyrrhizin: A triterpenoid compound with anti-inflammatory, antimicrobial, and soothing properties. 

Licochalcone A: A flavonoid that helps protect the skin from UV damage[26].  

Benefits for Skin: 

Reduces Hyper-pigmentation: It inhibits melanin production, making it effective for treating dark 

spots, sun tan, and melasma. 

Soothes Inflammation: It helps reduce skin irritation, redness, and sensitivity, acting similarly to 

hydrocortisone, which makes it beneficial for acne, eczema, and psoriasis. 

Antioxidant Protection: It fights free radicals that cause premature aging and damage from UV rays. 

Brightens Skin Tone: Regular use promotes a more even, glowing, and radiant complexion. 

Acne Control: Its antimicrobial and anti-inflammatory properties help reduce acne breakouts[26].  

Benefits of Liquorice Root Powder for Skin: 

Anti-inflammatory and soothing activity 

Previous studies have reported that licorice root contains glycyrrhizin and related compounds which 

show significant anti-inflammatory activity. These compounds help in reducing skin redness, irritation, 

and swelling. Due to this property, licorice root has been widely studied and used in formulations meant 

for sensitive and irritated skin. 

Skin-Lightening and Anti-Pigmentation Efffect 
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It has been reported in earlier studies that glabridin and liquiritin present in licorice root inhibit the 

tyrosinase enzyme and reduce melanin synthesis. This action helps in decreasing hyperpigmentation, 

dark spots, and uneven skin tone. Therefore, liquorice root is considered an effective natural skin-

brightening agent. 

Antioxidant Activity 

Previous research has shown that licorice root is rich in flavonoids and phenolic compounds which 

possess strong antioxidant activity. These antioxidants protect the skin from free radical damage and 

oxidative stress, thereby helping in the prevention of premature aging and maintaining healthy skin[27]. 

Antimicrobial Activity 

Some studies have reported that liquorice root exhibits antimicrobial activity against certain bacteria 

and fungi. This property supports its use in skincare formulations for acne-prone skin and in preventing 

minor skin infections. 

Skin-Protective and Healing Effect 

Earlier studies have indicated that liquorice root helps in protecting the skin barrier and supporting skin 

healing due to its combined anti-inflammatory and antioxidant properties. This makes it useful in 

formulations designed for damaged or stressed skin. 

Traditional and Cosmetic Use 

Previous literature also mentions the long history of licorice root use in traditional medicine and herbal 

cosmetics for improving skin complexion, soothing the skin, and maintaining overall skin health. This 

traditional use is supported by modern scientific studies on its active constituents[28]. 

C.TULSI POWDER FOR SKIN: 

Tulsi powder, derived from the dried leaves of the holy basil plant (Ocimum Sanctum/Ocimum 

tenuiflorum, is a potent, nutrient-rich Ayurvedic herbal powder with significant benefits for skin health. 

Revered for its adaptogenic, antibacterial, antifungal, and anti-inflammatory properties, it helps in 

reducing acne, soothing irritation, controlling oil, and fighting signs of aging.  

Ocimum tenuiflorum, commonly known as holy basil, tulsi or tulasi, is an aromatic perennial Plant in 

the family Lamiaceae. It is native to the Indian subcontinent and widespread as a Cultivated plant 

throughout the Southeast Asian tropics. Tulsi powder is basically dried and ground tulsi leaves, and it's 

super versatile. You can mix it with honey, rose water, or yogurt to create a fresh face mask. Some folks 

even blend it with fuller’s earth (also known as Multani mitti) for a clay mask that helps draw out oil and 
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toxins. The tulsi powder benefits for skin include exfoliation, reduction in acne scars, and improved 

skin texture[29]. 

Biological Source 

Kingdom: Plantae 

Division: Magnoliphyta 

Order: Lamiales 

Family: Lamiaceae 

Genus: Ocimum 

Species: O.tenuiflorum 

Botanical Name:- Ocimum tenuiflorum 

Active Compounds of Tulsi Powder:  

The primary active ingredients in tulsi leaves that offer skin benefits include: 

Eugenol: The most potent component in Holy Basil, it has high antiseptic and anti-inflammatory 

properties, making it excellent for treating acne, rashes, and reducing skin swelling. 

Ursolic Acid: This compound possesses strong anti-inflammatory effects and helps in calming skin 

irritation and reducing acne, pimples, and eczema. 

Rosmarinic Acid: A powerful phenolic compound with antioxidant properties that helps protect the 

skin from free radicals and damage. 

Linalool: Known for its antimicrobial properties, it helps combat acne-causing bacteria. 

Camphor: Provides a soothing, cooling effect on inflamed skin. 

Other Components: Flavonoids (orientin, vicenin), tannins, and saponins also contribute to its 

antioxidant and antimicrobial properties[30].  

Benefits of Tulsi powder: 

Acne Treatment: Fights acne-causing bacteria, reduces excess oil, and cleanses pores. 

Anti-Aging: Antioxidants (especially eugenol) fight free radicals, reducing fine lines, wrinkles, and 

maintaining skin firmness. 

Skin Brightening: Reduces pigmentation, dark spots, and evens out skin tone. 

Soothing: Calms inflammation, redness, and itching associated with skin conditions like eczema. 

Anti-inflammatory: Tulsi has anti-inflammatory properties, which help in soothing irritated and 

inflamed skin. 
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Detoxification: It supports detoxification of the skin, removing toxins and promoting a healthy 

complexion. 

Antibacterial: It has antibacterial properties, which help in preventing and treating acne and 

blackheads. 

Sensitive skin: However, it should be used in moderation, especially for sensitive skin, to avoid 

irritation[30]. 

D.NEEM POWDER: 

Neem powder is biologically sourced from the dried and ground leaves, bark, or seeds of the neem tree, 

Azadirachta indica A.Juss. It belongs th the mahogany family meliaceae, and is native to india and 

southeast asia. Neem is anti-inflammatory, antiseptic and highly beneficial for oily and acne prone skin. 

An anti acne effect is due to anti-microbial, anti inflammatory and anti-oxidant activities of different 

chemical constituents. The phytochemical components of neem were reported to include carotenoids, 

phenolic acids, and flavonoids that might provide high antioxidant activity, leading to potential activities 

in skin anti aging. Neem’s benefits for skin care stem from its being antifungal and antibacterial. This 

helps it cleanse the skin cells of irritants and dead skin cells that may have otherwise formed pus and 

inflamed the facial skin. Commonly known as acne, these red-colored protrusions on the facial skin 

may become painful if not treated early[31]. Also counted among the neem benefits of skincare is how it 

effectively removes acne and pimple marks to help you have a clear and blemish-free appearance.  

Neem is anti-inflammatory, antiseptic and ideal for oily and acne-prone skin. It has anti-acne effects 

thanks to the antimicrobial, anti-inflammatory and antioxidant activities of various chemical 

components. In March 2020, false claims promoting the use of neem leaves to treat COVID-19 spread 

on social media in many countries in Southeast Asia and Africa. The Malaysian Ministry of Health has 

outlined myths regarding the use of leaves in COVID-19 treatment and warned of health risks 

associated with excessive consumption of leaves. No evidence that neem leaves are effective in 

treating COVID 19[32]. 

Kingdom: Plantae 

Division: Angiosperms 

Class: Dicotyledons 

Order: Sapindales 

Family: Meliaceae 
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Genus: Azadirachta 

Species: Azadirachta indica 

Benefits of Neem powder: 

Anti-Microbial: Has strong anti-microbial properties, which help kill acne-causing bacteria. 

Anti- inflammatory: Shows anti-inflammatory action, reducing redness and swelling of pimples. 

Antioxidants: Contains antioxidants that protect skin from damage. 

Antiseptic: Acts as an antiseptic, helping to heal wounds and prevent infections. 

Acne Treatment: Controls excess oil (sebum), making it ideal for oily and acne-prone skin[33]. 

E. ROSE PETALS POWDER:  

Rose petals are obtained from the flowers of Rosa damascena and Rosa centifolia (Family: Rosaceae). 

To make rose petal powder at home you shall need 10-15 roses. Remove the petals from the roses and 

place them in a bowl. Wash the petals nicely to remove any dust or dirt particles trapped in them and 

spread them on the tray. After this, leave them in a safe place to let them dry for about 4-5 days. 

Vitamins K, C, and B, as well as the antibacterial characteristics of rose petals, are abundant in rose 

petal powder. Antioxidants are also present in good amounts[34]. 

Kingdom: Plantae 

Subkingdom: Tracheobionta (Vascular plants) 

Division: Magnoliophyta (Angiosperms) 

Class: Magnoliopsida (Dicotyledons) 

Order: Rosales 

Family: Rosaceae 

Genus: Rosa 

Species: Rosa damascene, Rosa centiffolia  

Benefits of Rose Petal Powder: 

Prevents signs of Aging: Rose petal powder contains antioxidants that help neutralize free radicals, 

which can cause damage to yhe skin and lead to premature ageing. Regular use of rose petal powder 

can help reduce the appearance of fine lines, wrinkles, and age spots, promoting a more youthful 

complexion. 
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Cleanses the skin: Rose petals mixed with water have been used for centuries for bathing. It is because 

rose petals have cleansing properties and they provide a decent aroma to the body. Rose petsl powder 

offers the same benefits and hence can be used as a cleanser. 

Reduces redness on the skin: According to a study by NCBI, Rose petal powder has anti-inflammatory 

properties that can help soothe and calm irritated or red skin. It can be particularly beneficial for 

individuals with sensitive or rosacea-porne skin, as it helps reduce redness and inflammation, 

promoting a more even skin tone[35]. 

Prevents skin Damage: The antioxidants present in rose petal powder help protect the skin from 

damage caused by environmental pollutants and harmful UV rays. They act as a shield against oxidative 

stress, minimizing the risk of skin damage and maintaining a healthier complexion. 

Moisturises skin: The natural oils present in rose petals help lock in moisture and provide hydration to 

the skin. It is one of the top rose powder benfits for skin. Rose petals powder can be used in facial 

masks, cleansers, or tones to help moisturize and nourish the skin, making it softer and more supple. 

Reduces Pigmentation: The natural compounds found in rose petals, such as vit C, can help fade 

pigmentation and dark spots on the skin. Regular application of rose petal powder can assist in ligtening 

these areas and achieving a more umiform complexion[36]. 

Exfoliates skin: one of the rose powder benefits for the skin is its exfoliating properties that aid in the 

removal of dead skin cells and unclogging of pores. Regular exfoliation with rose petal powder can help 

improve skin texture, promote cell turnover, and reveal a smoother, more radiant complexion. 

Even Tones the skin: Rose petal powder has a balancing effect on the skin, making it beneficial for 

evening out uneven skin tone and discoloration. Regular use can help reduce the appearance of 

blemishes, hyperpigmentation, and redness, resulting in a more uniform complexion. 

Removes Tan:  The natural properties of rose petal powder can help lighten and remove tan from the 

skin. It assists in reducing the darkening of the skin caused by sun exposure and help restore a more 

even skin tone. 

Provides Soothing Effects: The aroma of rose petals is very soothing that provides calming effects. It 

can act as a stress, buster, calm mood, and promote overall well-being. 

Boosts Collagen: Rose petal powder is a great source of vit A  and C.Hence it promotes collagen 

production in skin that delays early signs of aging. It also makes skin smooth and supple keeping away 

any fine lines and wrinkles. Additionally, Vit C helps to the skin and give it a smooth texture. 
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Reduces Sebum: Rose petal also has astringent properties that clean the pores from the depth and 

removes accumulated dirt, oil, and sebum. Therefore it is great for oily skin. It increases hydration and 

increases absorption of nutrients in the skin[37].  

F. ALOE VERA:  

Aloe vera is an excellent moisturizer made for the skin. Aloe vera rejuvenates the skin, hydrates this and 

keeps the skin layer looking fresh all the time. Aloe vera has anti-microbial properties that make it ideal 

for acne and acne. Aloe vera powder contains several nutrients such as glycerin, sodium palmate, 

sodium carbonate, sodium palm kemelate, sorbitol, etc[37]. 

Aloe Barbadensis has anti-microbial property rendering it ideal to deal with acne and pimples. Aloe 

Vera is a great moisturizer intended for a skin. Aloe Vera powder contains several nutrients like 

glycerine, sodium palmate, sodium carbonate, sodium palm kemelate, sorbital. You can use aloe Vera 

to keep your skin clear and hydrated. This may be because the plant thrives in dry, unstable climates. 

To survive the harsh conditions, the plant’s leaves store water. These water-dense leaves, combined 

with special plant compounds called complex carbohydrates, make it an effective face moisturizer and 

pain reliever[37]. 

Aloe Vera (Aloe barbadensis) has cooling properties anti-inflammatory, sunburn or burnt skin. It has 

great moisturizer intended for a facial skin.  It rejuvenates skin, hydrates and feels fresh and cool after 

applying to the facial skin.  It is also having anti-microbial property and removes acne and pimples.  Aloe 

vera gel is known as a cooling healer in Ayurveda. Its gel contains aloesin and aloin, compounds that 

can destroy melanin cells and prevent further pigment formation. This makes aloe helpful for lighteining 

sunspots and pigmentation. Aloe is also deeply hydrating. 

Kingdom: Plantae 

Division: Angiosperms 

Class: Monocotyledons 

Order: Asparagales 

Family: Asphodelaceae 

Genus: Aloe 

Species: Aloe vera 

Benefits: 
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Hydrates and soothes all skin types (sunburn, dry skin). Aloesinin aloe breaks down existing melanin 

and inhibits new pigment, fading dark marks. 

Wound Healing: Accelerates wound contraction and collagen synthesis. 

Anti-inflammatory: Inhibits the cyclooxygenase pathway and reduces prostaglandin production, 

treating skin irritations.  

Skin Care: Acts as a moisturizer and aids in reducing acne, psoriasis, and dermatitis. 

Burns & Radiation: Effective at soothing radiation-induced burns and sun damage. 

Other Potential Effects: Research indicates antitumor, antidiabetic, anti-viral, and laxative (via 

anthraquinones) properties[38]. 

Procedure of Face Pack Formulation:  

Weighing: All the required herbal powders for face pack preparation were accurately weighed 

individually by using digital balance. The quantity and compositions are listed in Table No.1. 

Mixing: All these fine ingredients were mixed thoroughly by mixer to form a homogenous fine powder.  

Sieving: Then this fine powder was passed through sieve, to get the sufficient quantity of fine powder.  

Collection and storage: The powder mixture was collected and store in suitable plastic container and 

used for doing evaluation parameters[42]. 

How to Apply Face Pack:  

1.Take prepared face pack powder in a bowl as per the requirement. 

2.Add water or rose water to mix it well and apply over the facial skin.  

3.Cover the acne and blemishes spots.  

4.Kept as it is for complete drying for 30 to 40 min.  

5.Then wash the face with cold water[42]. 

Table No.1: Ingredient list of formulation 

Sr. No. Ingredient Quanity Role 
1. Liquorice root powder 25g Brightening ,Soothing 
2. Green tea powder 17g Antioxidant 
3. Neem Powder 16.5g Antibacterial 
4. Tulsi powder 16.5g Antimicrobial 
5. Rose petal powder 10g Cooling ,Calming 
6. Aloe vera powder 10g Moisturizing ,soothing 

Evaluation of Face Pack: 
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A. Organoleptic Properties: Organoleptic properties include its nature, colour, odour, texture, 

smoothness etc. 

B. Physicochemical Properties: Physicochemical properties were determined including the pH, ash 

value, loss on drying, acid insoluble ash and water soluble ash. 

1. pH: pH of the aqueous solution of formulation was measured by pH meter[43]. The pH of effective 

herbal face packs is generally formulated to be neutral to slightly acidic, typically ranging between 5.5 

and 6.9. 

 

Figure No 1: PH 

2. Ash Value: Ash value is a criterion to judge the identity or purity of the crude drug. Inorganic salts 

such as carbonates, phosphate, calcium, sodium, potassium are known as ash content[42][43]. Place 

about 2-4g of the ground air-dried material, accurately weighed, in a previously ignited and crucible 

(usually of platinum or silica). Spread the material in an even layer and ignite it by gradually increasing 

the heat to 500-600°C until it is white, indicating the absence of carbon. Cool in a desiccators and 

weigh. If carbon-free ash cannot be obtained in this manner, cool the crucible and moisten the residue 

with about 2 ml of water or a saturated solution of ammonium nitrate R. Dry on a water-bath, then on a 

hot-plate and ignite to constant weight. Allow the residue to cool in suitable desiccators for 30 minutes 

and then weigh without delay. Calculate the content of total ash in mg per g of air-dried material [43]. The 

ash value of herbal face packs generally indicates the inorganic content, with reported values usually 

falling within a range that suggests high-quality organic materials, often found around 0.8 to3% for total 
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ash in specific studies. The typical ash value for high-quality botanical materials or pharmaceutical-

grade powder is in the range of 0.03%–0.07% by mass. 

Weight of the empty crucible (x) = 214.975 

Weight of the sample drug taken (y) = 2 

Weight of the crucible +Ash [after complete incineration] (z) = 214.982 

Calculation: 

Weight of the ash= (z-x) g 

                             = 214.982-214.975 

                             = 0.007g 

‘y’ g of crude drug gives (z-x)g of ash, 100g of the crude drug gives100/y ×(z-x)g of the ash. 

Total Ash value of the sample= 100×0.007/2 

                                              = 0.7/2= 0.35 

 

Figure No.2: Ash Value 

 3. Acid Insoluble Ash: Place about 2-4g of the ground air dried material, accurately weighed, in a 

previously ignited and tarred crucible (usually of platinum or silica). Spread the material in an even layer 

and ignite it by gradually increasing the heat to 500-600°C until it is white, indicating the absence of 

carbon. Cool in desiccators and weigh. If carbon-free ash cannot be obtained in this manner, cool the 

crucible and moisten the residue with about 2 ml of water or a saturated solution of ammonium nitrate 

R. Dry on a water-bath, then on a hot-plate and ignite to constant weight. Allow the residue to cool in 

suitable desiccators for 30 minutes and then weigh without delay[42]. Many formulated herbal face 
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packs maintain a range for acid insoluble ash that is typically low, often reported in studies to be 

between 0.5% and 2.5%.  

Calculate the content of total ash in mg per g of air-dried material.  

Weight of the empty crucible= 37.66 

Weight of the crucible+Ash= 37.69 

Weight of the ash= 0.03 

Calculation: 

Similar to previous experiment. Weight of the residue=’a’g(acid insoluble ash) 

‘y’g of the air dried drug gives’a’g of acid insoluble ash, 100 g of the air dried drug gives 100×a/y g of acid 

insoluble ash. 

Sample weight (y)= 2 

g of acid insoluble ash= 0.03 

Acid insoluble ash value of the sample= 100×a/y 

                                                              = 100×0.03/2 = 1.5% 

 

Figure No.3: Acid Insoluble Ash 

4. Water Soluble Ash: To the crucible containing the total ash, add 25 ml of water and boil for 5 

minutes. Collect the insoluble matter in a sintered-glass crucible or on an ash less filter-paper. Wash 

with hot water and ignite in a crucible for 15 minutes at a temperature not exceeding 450°C. Subtract 

the weight of this residue in mg from the weight of total ash. Calculate the content of water-soluble ash 

in mg per g of air-dried material[40]. The water-soluble ash value for herbal face pack formulations 

generally falls in the range of 2.0% to 5.0% w/w.   
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Calculation: 

Similar to previous experiment. Weight of the residue=’a’g(water soluble ash) 

‘y’g of the air dried drug gives’a’g of water soluble ash, 100 g of the air dried drug gives 100×a/y g of water 

soluble ash. 

Sample weight (y)= 2 

g of water soluble ash= 0.06 

water soluble ash value of the sample= 100×a/y 

                                                            = 100×0.06/2 =3% 

 

Figure No.4: Water soluble Ash 

5. Loss On Drying: A method commonly used for moisture content determination is the loss-on-drying 

method, or LOD. It is used to specify many major quality specifications. This is based on the thermo 

gravimetric principle, in which a substance is heated until no more weight is lost, that is, it is completely 

dry. At the beginning and after dryness is achieved, the weight of the substance is measured. The final 

weight loss is calculated, and represents the moisture content of the sample. A variety of techniques is 

used to bring about vaporization of moisture, including a drying oven heated by gas, which works on 

convection, and ovens which work by infrared or microwave radiation [41]. The loss on drying (LOD) for 

herbal powder used in facial packs generally falls within a range of 3% to 10% w/w. This parameter 

measures the moisture content and volatile matter, with lower values preferred to prevent microbial 

growth and enzymatic degradation, ensuring a stable, free-flowing product. 

Weight of the empty petriplate(W1)= 37.01 
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Weight of the petriplate + sample before drying(W2)= 39.03 

Weight of the petriplate+ sample after drying(W3)= 38.94 

Calculation: 

Loss on drying (%w/w)= (w2-w3)/(w2-w3)×100 

                                      = 39.03-38.94/39.03-37.01×100 

                                      = 0.09/2.02×100 

                                      = 4.4% 

 

Figure No.5: Loss On Drying 

C. General Powder Properties: It includes tapped density, bulk density, angle of repose, hausner's 

ratio, Carr's index. 

1. Tapped Density: Tapped density is an increased bulk density attained after mechanically tapping a 

container containing the powder sample. After observing the initial powder volume or mass, the 

measuring cylinder or vessel is mechanically tapped for 1 min and volume or mass readings are taken 

until little further volume or mass change was observed. It was expressed in grams per cubic centimetre 

(g/cm3)[44]. 

Typically, fine-textured herbal face packs show tapped density values around 0.40–0.75 g/mL, which 

indicates good compressibility and flowability. 

Tapped density= Mass(50)/Tapped density 

                         = 50/85=0.58g/ml 
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Figure No.6: Tapped Density 

2.Bulk Density: Bulk Density is the ratio between the given mass of a powder and its bulk volume. 

Required amount of the powder is dried and filled in a 50 ml measuring cylinder up to 50 ml mark. Then 

the cylinder is dropped onto a hard wood surface from a height of 1 inch at 2 second intervals. The 

volume of the powder is measured. Then the powder is weighed. This is repeated to get average values. 

The Bulk Density is calculated by using the below given formula[45]. The bulk density typically ranges 

from 0.28 g/mL to 0.66 g/mL 

Bulk Density = Mass(50)/ Bulk volume(ml) 

                       = 50/100 

                       = 0.5g/ml 

 

Figure No.7: Bulk Density 
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3. Angle of Repose: It is defined as the maximum angle possible in between the surface of pile of 

powder to the horizontal flow. It required amount of dried powder is placed in a cylindrical tube open at 

both ends is placed on a horizontal surface. Then the funnel should be raised to form a heap. The height 

and radius of the heap is noted and recorded. For the above method, the angle of repose (θ) Can be 

calculated by using the formula[44]. 

θ = tan-1 (h / r) Where, 

θ – Angle of repose,  

h – Height of the heap, 

r – Radius of the base. 

Trial 1: 35.82º 

Trial 2: 31.79º 

Trial 3: 34.21º 

 

Figure No.8: Angle of Repose 

4. Hausner’s Ratio: It is expressed as the tap density divided by the bulk density. 

The preferred range is 1.00–1.25, with 1.12–1.18 indicating "good" to "fair" flow properties. 

Hausner’s Ratio= Tapped×bulk 

                          = 0.58/0.5 

                          = 1.16% 

5.Carr's Index: Carr's index is an indication of compressibility of powder. The preferred range is 10–

25%, with 11–15% considered "good". 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

183  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

Carr’s Index= 100× Tapped-Bulk density/Tapped 

                     =100×0.58-0.5/0.58 

                     =13% 

6.Washability: This is the common method for checking the washability of the formulation. The 

formulation was applied on the skin and then ease and extent of washing with water were checked 

manually by using 1 liter of water is used to remove all content of the formulation were applied on the 

surface[40]. 

D.Irritancy Test: Mark an area (1sq.cm) on the left-hand dorsal surface. Definite quantities of prepared 

face packs were applied to the specified area and time was noted. Irritancy, erythema, edema, was 

checked if any for regular intervals up to 24 hrs and reported[44]. 

 

Figure No.9: Washability and Irritancy Test 

RESULTS AND DISCUSSION 

These formulations of herbal face pack containing variation in their composition were prepared, 

evaluated and studied its different properties and characteristics. 

A.Organoleptic Properties: Appearance, colour, odour, texture, smoothness was observed as shown 

in table no. 2. 

Table No 2: Organoleptic Properties of Herbal Face Pack 

Sr. No. Organoleptic Properties Observation 
1. Nature Powder 
2. Colour Grey 
3. Odour Slight 
4. Texture Fine 
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5. Smoothness Smooth 
  

B.Physicochemical Evaluation: Ash values, pH, LOD, acid insoluble ash, water soluble ash of all three 

batches of formulations were calculated and those calculations are as shown in Table 3. 

Table No 3: Physicochemical Properties of Herbal Face Pack 

Sr. No. Physicochemical Properties Observation 
1. Ash Value 0.35 
2. pH 6.0 
3. LOD 4.4% 
4. Acid insoluble 1.5% 
5. Water soluble Ash 3% 

 

C. General Powder Characteristics: Various characteristics of formulations like angle of repose, bulk 

density, tapped density, Carr’s index, hausner’s ratio, wash ability, grittiness and nature of face after 

wash were performed and results are as shown in Table No.4 which are desirable as cosmetics face 

packs. 

Table No 4: General Powder Characteristics of Herbal Face Pack 

Sr. No. General powder characteristics Observation 
1. Angle of repose Excellent 
2. Bulk density 0.5% 
3. Tapped density 0.58% 
4. Carr’s index 13% 
5. Hausner’s Ratio 1.16% 
6 Washability Easily washable 
7. Irritant No irritant 
8. Nature of face after wash Soft and clean 

 

D.Irritancy Test: The result of irritancy test was shown in Table no.5. The formulation showed absence 

of irritation, redness and swelling during irritancy studies. This formulation is safe to use on skin. 

Table No 5: Irritancy test. 

Sr. No. Parameter Observation 
1. Irritation No irritation 
2. Redness No redness 
3. swelling No swelling 

 

CONCLUSION 
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Natural remedies are more acceptable in the belief that they are safer with fewer side effects than the 

synthetic ones. Herbal formulations have growing demand in the world market. Herbal face packs are 

used to stimulate blood circulation, rejuvenate the muscles and help to maintain the elasticity of the 

skin and remove dirt from skin pores.  After formulation and evaluation, we found good properties for 

the face pack, free from skin irritation and maintained consistency after stability storage conditions. 

This herbal face pack having enough potential to give efficient clear, healthy and glowing effect on 

skin. Licorice has the ability to help you obtain a more even skin tone by lowering skin pigmentation. 

It is suggested that the prepared formulation was physicochemically and microbiologically stable, 

and possessed characteristics of a standard cosmeceutical’s formulation for skin. Herbal face packs 

help to remove the spots, dirt, and skin debris and also cleanse and beautify the facial skin.   
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ABSTRACT  

Gastrointestinal helminthiasis is the most economically important parasitic disease complex of sheep 

(Ovis aries) worldwide, with substantial losses observed in growth performance, wool production, 

reproductive efficiency and general animal welfare. A narrative review of peer-reviewed publications, 

doctoral theses and institutional reports from 1951 to 2025 was conducted to give a comprehensive 

overview of diversity, epidemiology, pathophysiology and emerging challenges of helminthiasis in 

sheep with special reference to Ahilyanagar District, Maharashtra, India. The helminth fauna is 

represented by three major types - Nematoda, Trematoda and Cestoda - each of them having particular 

anatomical habitats and apparent clinical ramifications. Haemonchus contortus is the most prevalent 

and pathogenic worm worldwide with prevalence rates from 32 to 100%, causing haemorrhagic 

anemia, hypoproteinaemia and significant mortality. An overall incidence of 66.28% was observed in 

surveys from Ahmednagar district, with a notable surge in the monsoon season. Biochemical 

derangements such as hypoproteinaemia, glycogen depletion and Th2 biased immunological 

dysregulation have been reported worldwide but not studied in locally acquired helminth isolates and 

host animals. Organ specific histological abnormalities such as abomasal hemorrhage, villous atrophy 

and hepatic fibrosis are increasingly diagnostic. Resistance to many anthelmintic agents including 

benzimidazoles, macrocyclic lactones and imidazothiazoles is increasing. The literature survey detects 

five major research gaps in terms of multi-tehsil epidemiological coverage, morphological taxonomy, 

helminth biochemistry, host histopathology and longitudinal seasonal prevalence data. These together 

highlight the need for intensive interdisciplinary inquiry into endoparasitic diseases of Deccani sheep 

of Ahilyanagar district. 
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BACKGROUND AND RATIONALE 

Sheep (Ovis aries) have been domesticated for over 10,000 years and are among the most extensively 

distributed and commercially significant livestock animals worldwide. There are an estimated 65.07 

million sheep in India, spread over 42 recognized breeds in various agro-climatic zones (Rather et al., 

2020). The Deccani sheep ecotypes of Maharashtra are mostly maintained under broad and semi-

nomadic management systems on the drought prone northern Deccan plateau (Yadav et al., 2014). 

Helminthiasis is the single most significant economically relevant disease constraint on sheep 

production globally, leading to stunted development, lower wool output, impaired fertility, increased 

susceptibility to subsequent diseases and direct death. Economic costs at farm level are severe with 

production losses and anthelmintic resistance placing a heavy strain on sheep businesses worldwide 

(FAO, 1992). Baseline epidemiological data were generated by pioneering work of Sutar and Khan (2011) 

and Rajale et al. (2013) in Ahilyanagar district but significant gaps are still present in tehsil-wise 

coverage, species-level taxonomy, helminth biochemistry and histological characterisation. The 

present review is a systematic synthesis that gives the scientific foundation for a detailed district-wise 

investigation of ovine endoparasitic illnesses. 

CLASSIFICATION AND DIVERSITY OF HELMINTH PARASITES IN SHEEP  

The helminths of sheep are grouped into three types — Nematoda, Trematoda and Cestoda — each 

occupying a distinct anatomical niche and causing distinctive pathogenic effects. The systematic basis 

is given by Yamaguti's (1959) Systema Helminthum Vol. II, (Cestodes), Yamaguti's (1961) Vol. III 

(Nematodes) and Soulsby's (1982) Helminths, Arthropods and Protozoa of Domesticated Animals. The 

main helminth categories, the most common species, the anatomical locations and related 

pathologies are synthesized in a systematic way in Table 1. 

Table 1. Principal Helminth Parasites of Sheep: Taxonomy, Species, and Pathological Impact 

Class Families / Genera Common Species Principal Site & Pathology 
Nematoda Trichostrongylidae: 

Haemonchus, 
Trichostrongylus, 
Teladorsagia, 
Cooperia 

H. contortus, T. 
colubriformis, T. 
circumcincta 

Abomasum & small intestine; 
Haemorrhagic gastritis, 
hypoproteinaemia, anaemia 
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 Strongylidae: 
Oesophagostomum, 
Chabertia, 
Bunostomum 

O. columbianum, C. 
ovina, B. 
trigonocephalum 

Large intestine & caecum; Nodular 
colitis, enteritis, blood loss 

 Trichuridae: Trichuris T. ovis Caecum; Typhlitis, inflammatory 
infiltration 

 Strongyloididae: 
Strongyloides 

S. papillosus Small intestine; Diarrhoea, 
malabsorption (Young lambs) 

Trematoda Fasciolidae: Fasciola F. gigantica, F. 
hepatica 

Liver bile ducts; Haemorrhagic 
hepatitis → fibrosis 

 Paramphistomatidae: 
Paramphistomum, 
Cotylophoron 

P. cervi, C. 
cotylophorum 

Rumen & small intestine; 
Paramphistomosis, 
fibrinonecrotic enteritis 

 Dicrocoeliidae: 
Dicrocoelium 

D. dendriticum Bile ducts; Cholangiohepatitis, 
biliary fibrosis 

Cestoda Anoplocephalidae: 
Moniezia, Avitellina, 
Thysanezia 

M. expansa, A. 
centripunctata 

Small intestine; Nutritional 
competition, diarrhoea 

 Taeniidae (larval 
stages) 

Cysticercus 
tenuicollis; 
Echinococcus 
granulosus 

Liver, peritoneum; Hepatic 
cysticercosis, hydatidosis, fibrosis 

Table 1 compiled from: Yamaguti (1959, 1961); Soulsby (1982); Sharma et al. (2020); Lone et al. 

(2012); Sutar & Khan (2011). 

2.1 Nematoda: Dominant Pathogens 

Among nematodes, Haemonchus contortus is of greatest pathogenic importance. Blood-sucking 

activity in the abomasum — adult females ingesting up to 0.05 mL blood per day — causes rapid 

haemorrhagic anaemia, hypoalbuminaemia, bottle jaw and death (Jeyathilakan et al., 2003). 

Trichostrongylus colubriformis and T. vitrinus produce protein-losing enteropathy; Oesophagostomum 

columbianum causes nodular typhlitis and colitis. Morphological identification of infective L3 larvae 

based on sheath tail extension (STE) lengths (Van Wyk and Mayhew, 2013) was validated by molecular 

ITS-2 PCR analysis with 91.8% morphological accuracy across six taxa (Knoll et al., 2021). 

2.2 Trematoda: Liver and Rumen Flukes 

Fasciola gigantica is the most prevalent liver trematode in tropical India confirmed by PCR amplification 

of ITS1 and ITS2 regions from Andhra Pradesh isolates (Jyothi Sree, 2017). Paramphistomum cervi 

causes ruminal paramphistomosis confirmed by combined histological and gross morphological 

analysis in Gujarat sheep (Choudhary et al., 2015). Sutar and Khan (2011) reported infection of 20.85%, 

14.57% and 13.14% for Cotylophoron spp., Paramphistomum spp. and Fasciola spp. respectively in 
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Ahmednagar district. Ruminal paramphistomosis caused by Paramphistomum cervi in Gujarat sheep 

was verified by combined histological and gross morphological investigation (Choudhary et al., 2015). 

In Ahmednagar district, Sutar and Khan (2011) observed infection rates of 20.85%, 14.57% and 13.14% 

for Cotylophoron spp., Paramphistomum spp. and Fasciola spp. correspondingly. 

2.3 Cestoda: Tapeworms and Larval Metacestodes 

Infections of adult cestodes, Moniezia expansa and Avitellina centripunctata, in adolescent lambs 

cause nutritional competition and diarrhea. Likewise, Nagarajan et al. (2022) reported the first 

molecular characterisation of M. expansa from Tamil Nadu using Cox-I PCR and found the nucleotide 

sequences were 100% identical with the African isolates. Metacestode stages are also involved in the 

formation of cysticercosis (Cysticercus tenuicollis, larva of Taenia hydatigena) and hydatidosis 

(Echinococcus granulosus) in the liver, with important zoonotic potential (Moudgil et al., 2020). 

3. PREVALENCE AND EPIDEMIOLOGY: A REGIONAL AND GLOBAL PERSPECTIVE 

3.1 Ahilyanagar District and Maharashtra 

Sutar and Khan (2011) in their base line study found prevalence rate of 66.28% in 350 faecal samples 

of sheep in Ahmednagar with seasonal variation of monsoon 80.95%, winter 70.90% and summer 

51.11%. The most prevalent genera were Haemonchus (25.42%), Strongyloides (22.28%), 

Cotylophoron (20.85%) and Trichuris (19.14%). Rajale et al. (2013) also observed 32% independent 

prevalence from Ahmednagar (2009 – 2010) with peak prevalence of 42.85% during rainy season. 

Maximum frequency in monsoon season (Tambe and Gaikwad, 2025) The current data of Sangamner 

tehsil shows Kalwaghe et al. (2022) observed a prevalence of 61.88% at state level in four agro-climatic 

zones of Maharashtra with a considerable 70.16% in Western Maharashtra. Devkatte et al. (2025) 

Molecular immunogenetic association of Deccani sheep Ovar-DRB1 genotypes with its susceptibility 

to gastrointestinal parasites with far reaching implications for resistance breeding. 

3.2 Selected Indian States and International Evidence 

Results of surveys conducted in different parts of India revealed a very high prevalence of ovine 

helminthiasis ranging from 62.9–77% in Jammu and Kashmir (Bhat et al., 2012; Tramboo et al., 2015), 

97% in Jabalpur (Gupta et al., 2013), 83.08% in western Punjab (Singh et al., 2017), and 69.35% in 

Karnataka with peak during the southwest monsoon (Ananda and Pradeep, 2021). A total farm-level 

positivity rate of 100% was reported from Calabria, Italy (Castagna et al., 2024) and in all the districts 

of Hinggan League, China (Zhang et al., 2024). In central Nepal, polyparasitism was observed in 92.5% 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

193  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

of the animals, and animals harbouring up to 10 different species of parasites were recorded (Adhikari 

et al., 2025). Calabria, Italy (Castagna et al., 2024) and all districts of Hinggan League, China (Zhang et 

al., 2024) reported an overall farm-level positive rate of 100%. Polyparasitism was reported in 92.5% of 

animals of central Nepal, with animals harbouring up to 10 distinct parasite species (Adhikari et al., 

2025). 

4. SEASONAL DYNAMICS AND HOST-RELATED RISK FACTORS 

4.1 Seasonality: The Monsoon Effect 

Seasonal rainfall is the most constant and strong agroclimatic factor impacting the incidence of 

gastrointestinal helminthiasis. L3 larval development, the extrinsic life cycle and larval survival on 

pasture are favoured by temperatures of 25–30°C and high relative humidity. This was quantified by 

Kalwaghe et al. (2019) in Maharashtra, who recorded mean faecal egg counts of 7,320 ± 338.23 EPG 

during monsoon with statistically significant positive correlations between egg counts, rainfall, 

temperature and relative humidity and recommended strategic deworming for June–July, October–

November and February–March. A further state-wide analysis (Kalwaghe et al., 2025) revealed that 

monsoon contributes to 87.80% of the seasonal maximum. Similar monsoon dominance has been 

seen in Karnataka (83.02%), Aurangabad district (83%) and in other Indian states. The only significant 

exception is Trichuris spp. in Maharashtra, which shows a marked inverse seasonal pattern with 

maximum infection in winter (82.8–85%) and minimum in the rainy season (31.5–50%; Padwal et al., 

2011; Augad and Deshmukh, 2024), in agreement with the developmental biology of Trichuris eggs 

requiring drier and cooler conditions for embryonation. 

4.2 Age, Sex, and Management Influences 

The young animals are more susceptible owing to their immaturity of the immune system and the lack 

of acquired resistance. The frequencies have been recorded of 94.73% in sheep less than one year old 

(Lone et al., 2012) and 81.65% in animals <6 months (Ananda and Pradeep, 2021). The well-

documented increased incidence of females in various studies may be partially explained by the 

periparturient maternal immune relaxation. Another major modulator was management system. 

Infection rates were much greater in free-ranging than in confined animals and in animals not regularly 

treated with anthelmintics, indicating that tailored management interventions might dramatically lower 

transmission intensity in field circumstances. 

5. BIOCHEMICAL ASPECTS OF HELMINTHIASIS 
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5.1 Host Biochemical Perturbations 

Helminthiasis causes typical metabolic alterations in the host organism. In haemonchosis, the 

hemoglobin is decreased to 6.58 ± 0.13 g/dL (typical 11–14 g/dL) and haematocrit to 22.52 ± 0.32% with 

a significant reduction in total protein, albumin and globulin and an increase in WBC and eosinophils 

(Malede et al., 2025). A considerable reduction in the total serum protein, albumin and glucose has 

been reported in the spontaneously infected sheep (Arora et al., 2018; Kumar et al., 2015). 

Immunologically the process is Th2 dominant, with raised IgE and eosinophilia while IgM and IgG are 

decreased, allowing persistent infection (Alam et al., 2020). Hasona et al. (2017) discovered high levels 

of calcium, phosphate, potassium, iron and alkaline phosphatase in hydatid cyst fluid from infected 

sheep and suggested biochemical profiling as a non-invasive adjunct to imaging for diagnosis. 

5.2 Biochemical Characterization of Helminth Tissues 

Direct biochemical study of helminth parasites gives information into their metabolic physiology and 

adaptability to the parasitic lifestyle. Table 2 summarizes the standard procedures used. Glycogen is 

the principal energy reserve of helminth parasites in the oxygen-poor environment of the 

gastrointestinal tract. The amount of glycogen is an expression of the potential for anaerobic glycolysis. 

Total lipid profiles demonstrate adaptive alterations in reproduction, immunological evasion via 

tegumental lipid surface coatings, and long-term energy storage. The protein composition reflects the 

structural and enzymatic repertoire of the parasite, and includes surface glycoproteins that are crucial 

to the immunological host-parasitic contact. 

Table 2. Standard Biochemical Methods for Analysis of Helminth Parasites and Host Tissues 

Parameter Method / Reference Reagent / 
Principle 

Diagnostic Significance 

Total Protein Lowry et al. (1951) 
Folin-phenol method 

BSA standard; 
OD at 660 nm 

Host hypoproteinaemia; parasite 
protein pool; metabolic 
adaptation 

Glycogen Kemp & Kito Van 
Heijningen (1954) 
Colorimetric micro-
method 

KOH digestion; 
ethanol 
precipitation; OD 
at 620 nm 

Primary energy reserve; 
anaerobic survival strategy of 
helminths 

Glycogen (alt.) DeZwaan & Zandee 
(1972) Anaerobiosis 
method 

Mytilus-adapted 
protocol; 
glucose 
equivalents 

Intermediate metabolism; 
glycogen depletion under host 
immune attack 
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Total Lipid 
(extraction) 

Folch et al. (1957) 
Chloroform-methanol 

2:1 v/v 
CHCl₃:MeOH 
extraction from 
tissue 

Lipid solubilisation from 
helminth tegument and somatic 
tissues 

Total Lipid 
(quantification) 

Barnes & Blackstock 
(1973) 
Sulphophosphovanillin 

H₂SO₄ charring + 
vanillin colour 
reaction 

Energy storage; eggshell lipids; 
immune evasion via surface 
lipids 

OD: optical density; BSA: bovine serum albumin; KOH: potassium hydroxide; CHCl₃: chloroform; 

MeOH: methanol. 

Notably, there is no published data on biochemical composition — total protein, glycogen or total lipid 

— of helminth species isolated from Deccani sheep of Ahilyanagar district. This is a genuine and 

solvable gap in the regional parasitological literature, and its resolution comprises a fundamental aim 

of the proposed investigation. 

6. HISTOPATHOLOGY OF HELMINTH INFECTIONS 

6.1 Standard Protocol and Nematode Pathology 

Standard light microscopic histopathology (fixation in Bouin’s solution, paraffin embedding, sectioning 

at 7 µm, haematoxylin and eosin staining) definitely characterizes tissue damage induced by parasites 

(Hemalatha et al., 2018). The abomasal lesions of haemonchosis are characterised by petechial 

haemorrhages, mucosal hyperaemia, hyperplasia of mucous glands, mononuclear and eosinophilic 

infiltration and proliferation of connective tissue (Tehrani et al., 2012). Multiple organs including 

hepatocyte deterioration (Saminathan et al., 2015) have been shown to be involved in severe 

haemonchosis. Comparative investigations revealed that experimentally infected sheep had more 

eosinophilic infiltration and less mean worm load (2884) than goats (5590) suggesting better ovine 

immunity (Abosse et al., 2022). Trichuris ovis infection causes massive infiltration of macrophages, 

lymphocytes, neutrophils and eosinophils with dysplastic changes of the mucosa (Iliev et al., 2017). 

6.2 Hepatic and Organ Pathology 

The liver exhibited changes in the parenchymal structure, isolated lymphocytic infiltration, necrotic 

hepatocytes, eosinophilic infiltration, and severe periportal fibrosis owing to Fasciola gigantica 

infection, as evidenced by the Masson Trichrome stain (Ashoor and Wakid, 2023). The immunological 

phenotype in the Fasciola hepatica-infected sheep is characterized by an M2 macrophage polarization 

with an increase in the proliferation of Foxp3+ T cells, CD163 expression and a decrease in the levels of 

iNOS, which favors the parasite’s survival via the immunosuppression of the host (Herrera-Torres et al., 

2024). Heavy parasite load instances of Paramphistomum infection results in severe congestion, 
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fibrinonecrotic enteritis, eosinophilic-lymphocytic infiltration and considerable loss in ruminal 

epithelium thickness and papillae length (Rizwan et al., 2022). Histopathologically, hepatic cestodiasis 

is characterized by a trilaminar cyst wall composed of germinal epithelium, laminated membrane and 

fibrous host response with multinucleated giant cells (Beigh et al., 2017). 

7. ANTHELMINTIC RESISTANCE: EPIDEMIOLOGY AND IMPLICATIONS 

Resistance to the three main groups of anthelmintics , the benzimidazoles, macrocyclic lactones and 

imidazothiazoles, has been recorded from all major sheep producing locations . Faecal egg count 

reduction tests indicated resistance to fenbendazole (100% farms), levamisole (100%) and ivermectin 

(94.1%), establishing the first multi-drug resistance profile in Punjab, northern India (Kaur et al., 2025). 

Zhang et al., 2024. All the places studied in China were found to have multi-drug resistant H. contortus 

populations In Italy, 93.3% of the farmers use anthelmintics, but only 24.4% do efficacy evaluations 

before treatment, encouraging directly the development of the resistance (Castagna et al., 2024). 

Strategic deworming approaches are prone to therapeutic failure without accompanying resistance 

monitoring and this is of particular concern in the region of Ahilyanagar where Deccani sheep are under 

complicated systems of management with less veterinary oversight. The evidence-based Integrated 

Parasite Management (IPM) strategy for sustainable helminth control includes FAMACHA©-guided 

targeted selective treatment, refugia-based strategies to dilute resistance alleles, rotational grazing and 

molecular breed selection exploiting Ovar-DRB1 resistance genotypes (Devkatte et al., 2025). 

8. RESEARCH GAP IDENTIFICATION AND STUDY JUSTIFICATION 

Critical synthesis of the studied literature indicates a clear and substantial vacuum for Ahilyanagar 

district despite enormous global and national knowledge base. Five specific research gaps are noted. 

Gap I – Multi-tehsil Epidemiological Coverage: The existing studies (Sutar and Khan, 2011; Rajale et 

al., 2013; Shaikh et al., 2022) are limited and do not have overlapping geographical coverage, which 

does not allow for comparative epidemiological analysis across Newasa, Rahuri, Sangamner and 

Ahmednagar City tehsils simultaneously using standardized methods. 

Gap II – Morphological Taxonomy: The systematic identification of all the three types of helminths 

from all the four tehsils after Yamaguti (1959, 1961) and Soulsby (1982) has not been done. No bulk 

measurements or voucher morphological data exist for the regionally abundant species. 

Gap III — Helminth Biochemistry: There is no quantitative data on the total protein, glycogen and total 

lipid content of helminth species isolated from Deccani sheep of Ahilyanagar district. These 
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biochemical profiles provide valuable information on the metabolic physiology and anaerobic energy 

strategies of these parasites. 

Gap IV – Host Histopathology: Conventional fixation and staining techniques have not been reported 

on the histopathology of gastrointestinal and organ tissues of helminth-infected and uninfected 

Deccani sheep from this geographical area. 

Gap V – Longitudinal Seasonal Prevalence Data: Month-wise 2-year prevalence and intensity data for 

all 4 tehsils is not available which limits the ability for rigorous seasonal trend analysis and evidence-

based strategic intervention suggestions. 

The present study viz. “Studies on Endoparasitic Infection in Sheep (Ovis aries) from Ahilyanagar 

District, Maharashtra” directly addresses all five gaps by employing a scientifically rigorous, multi-tehsil 

and multidisciplinary methodology comprising of coprological surveys, morphological taxonomy, 

helminth biochemistry, host histopathology and longitudinal seasonal monitoring. 

9. CONCLUSION 

Gastrointestinal helminthiasis is worldwide prevalent and economically important disease complex of 

sheep. The complete effect of this illness on Deccani sheep in Maharashtra has yet to be completely 

described. This review synthesises global, national and regional evidence across five thematic 

categories, each representing the scientific abundance of global literature with a critical lack of locally 

grounded data from the Ahilyanagar district. 

Nematodes, and especially Haemonchus contortus, have been shown to be the most prevalent and 

destructive elements of ovine helminth populations. Trematodes are of important importance in liver 

and rumen illness (particularly Fasciola gigantica and Paramphistomum cervi) but some metacestodes 

(Cysticercus tenuicollis and Echinococcus granulosus) are of zoonotic importance. In Maharashtra, 

monsoon seasonality uniformly accelerated larval development and increased transmission intensity, 

while the opposing trend was diagnostically relevant for Trichuris spp. Biochemical perturbations such 

as hypoproteinaemia, glycogen depletion, and Th2-biased immunological dysregulation are extensively 

established internationally but uninvestigated for isolates from Ahilyanagar. Multi-drug anthelmintic 

resistance is a developing and serious issue highlighting the necessity for resistance monitoring in 

tandem with any deworming effort. The five research gaps identified together clearly indicate that a 

detailed longitudinal study on endoparasitic infections in Deccani sheep from the tehsils of Newasa, 
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Rahuri, Sangamner and Ahmednagar City is scientifically justified and practically imperative for 

sustainable development of livestock health on the Deccan plateau. 
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ABSTRACT  

The objective of this study is to analyze the research papers on Goods and Services Tax (GST) available 

in 2001-2005 from JSTOR and the period of 2001 to 2005. The study also analyzed the year-wise 

distribution of publications, Degree of collaboration, Source of Published Journals, Language wise 

distribution and average references contribution of Publications. 

KEYWORDS  

Goods and Services Tax (GST), Bibliometrics, ,Bibliometric Analysis , Degree of collaboration 

INTRODUCTION  

It is an important research tools for understanding the subjects it aims at measuring the utility of 

documents and relationships between documents and fields. The present study Literature on Goods 

and Srvices Tax (GST): A Bibliometrics Analysis is based on 2001-2005 Publications of JSTOR (N-LIST) 

during 2001-2005. The article on Goods and Services Tax (GST) in 2001-2005 is taken into consideration. 

LITERATURE REVIEW 

The number of authors contributing to scholarly publications in terms of authorship pattern is an 

instructing part of any bibliometric study. A count of number of authors contributing to publications 

offers some indication to degree of collaboration between authors. Cronin (2001) comment, authorship 

as” undisputed coin of the real in academic “and” absolutely central to the academic reward 

system”.However, the concept of authorship wads evolved over the course of the 20th  century, with a 

steady increase in collaboration. This trend was anticipated by Price (1963), who stated, “by 1980 the 

single author paper will be extinct” and scholarly publication will” more steadily toward infinity of 

author per paper”. Collaboration research refers to a research in which any research project is being 

carried out by at least two people by engaging their efforts in mind and body. It is very common in the 
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field of sciences as compare to humanities. As part of literature search, the author found various 

studies in different disciplines based on the authorship pattern and collaborative research. Some of the 

literatures are reviewed by the authors before conducting the current study. By observing the Chemical 

Abstract for the period of 1910-1960, Price (1963) was among the first to study the authorship pattern 

and opined that multi authored papers are gradually increasing with simultaneous reduction in single-

authored papers.  

     Farahat (2002) examined the patterns of authorship in nineteen Egyptian journals of agricultural 

science and found that multiple- authorship was predominant and co-authored papers were 

accounted as 79% of the sample. Cronin, Shaw and Berre (2003) observed the co authorship and sub 

authorship collaboration in the scholarly journal literature of psychology and Philosophy as manifested 

in the 20th century and highlighted the rates of co authorship and importance of collaboration. They 

found that among a total of 2,707 publications of 2001 (74%) are single authored.  

GOODS AND SERVICES TAX (GST): 

Goods and Services Tax is an Indian tax system that imposes various types of taxes on the production 

process. Goods and Services Tax is a tax that unifies all tax processes in India. (Khedekar, 2025) 

On July 1, 2017, India implemented the Goods and Services Tax (GST), an indirect tax regime. It is a 

destination-based tax which means that the place where the products or services are purchased is 

responsible for collecting the tax. Under the GST system, companies with annual revenue of more than 

₹20 lakh (₹10 lakh for the North Eastern states) are required to register and comply with the GST rules. 

Since GST is a multi-stage tax system, tax is paid at each supply chain link from the manufacturer to the 

buyer. However, only the final consumer will be liable for paying the tax. Establishing a consistent tax 

structure across the country and eliminating multiple taxes, improved efficiency in tax collection and 

compliance. (Bharti Stock Market, 2025). 

BIBLIOMETRICS: 

 In 1969, Pritchard used the term 'bibliometrics' in his article 'Statistical Bibliography or 

Bibliometrics' published in the Journal of Documentation, and it was known as statistical bibliography. 

The word 'biblio' comes from a combination of the Latin and Greek words 'biblion'. It was a form of the 

word biblion which is equivalent to the word byblo (os) meaning book, paper which comes from the 

word Byblos, a city in Phoenicia famous for its paper export trade. On the other hand, the word metrics 

refers only to the science of measurement and comes from the Latin or Greek words metricus or 
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metrics, respectively, each meaning measurement. Pritchard explained the term as 'the metrology of 

information transfer processes' and said that its aim is the analysis and control of processes. The British 

Standards Institution defines bibliometrics as 'the study of documents and publication patterns to 

which mathematical and statistical methods have been applied'. (Pritchard, 1969). 

            Bibliometrics as "a field of inquiry devoted to the quantitative analysis of science and scientific 

fields". (Merton and Garfield, 1963) 

           Pritchard defined it as "the application of mathematical and statistical methods to books and 

other media of communication". He also defined it as "the measurement of the process of information 

transfer and its purpose is to analyze and control the process". (Pritchard, 1969). 

            The term as "the quantitative treatment of the properties of recorded discourse and the behavior 

associated with it". (Fairthrone, 1969). 

Bibliometrics as "the study of documents and publication patterns to which mathematical and 

statistical methods have been applied". This is essentially the same as Pritchard's definition. (The 

British Standard Glossary of Documentation Terms, 1976). 

             Bibliometrics as "the quantitative analysis of the bibliographic characteristics of a body of 

literature". (Hawkins, 1977). 

            Bibliography titled Bibliography stated that "bibliography provides information about the structure 

of knowledge and how it is communicated". (Nicholas and Ritchie, 1978). 

The term as "the study and measurement of all forms of written communication and their authors". 

(Potter, 1981), 

The term informationalism to encompass almost all aspects of bibliography and bibliography. (Morales, 

(1985). "Bibliography is the quantitative study of physical published units or bibliographic units or 

representatives of either." (Broadus, 1987). 

Bibliography as "the organization, classification, and quantitative evaluation of all macro and micro 

forms of communication - including their authorship through mathematical and statistical calculus". 

(Sengupta, 1990). 

BIBLIOMETRIC ANALYSIS 

 Bibliometric analysis is a statistical analysis of written publications, frequently employed to 

conduct a quantitative analysis of academic literature (Chen et al., 2016). 
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This method can be defined as a discipline concerned with the measurement of communication and 

information as expressed in any type of document and across all fields of activity (Martín-Martín et al., 

2018).  

Bibliometric analysis has gained immense popularity in business research in recent years and its 

popularity can be attributed to (1) the advancement, availability, and accessibility of bibliometric 

software such as Gephi, Leximancer, VOSviewer, and scientific databases such as Scopus and Web of 

Science, and (2) the Cross-disciplinary pollination of the bibliometric methodology from information 

science to business research. More importantly, the popularity of bibliometric analysis in business 

research is not a fad but rather a reflection of its utility for (1)handling large volumes of scientific data, 

and (2) producing high research impact. (Donthu et al., 2020, Donthu, Kumar, Pattnaik, & Lim, 2021, 

Khan et al., 2021), 

Scholars use bibliometric analysis for a variety of reasons, such as to uncover emerging trends in article 

and journal performance, collaboration patterns, and research constituents, and to explore the 

intellectual structure of a specific domain in the extant literature (Donthu et al., 2021, Verma and 

Gustafsson, 2020, Donthu et al., 2020). 

OBJECTIVE OF THE STUDY 

The objectives of the present study are: 

1. To identify Year wise Distribution of Publications 

2. To analyze the Year wise Distribution of Publications (TLCS, TGCS). 

3. To analyze the Year wise Distribution for Length of Publications. 

4.  To determine degree of collaboration. 

5. To analyze Average number of References Per Publications. 

METHODOLOGY 

Methodology means study of method or A. system of methods and rule applicant to research or work. 

It is connected basically with what principles and technique to be follow for collecting data information 

and material for a given research project. (Kothari, 1990). 

For the present study quantitative research method is used. 

SCOPE AND LIMITATION OF THE STUDY 
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The present study is based on 2001-2005 publications of the JSTOR (N-LIST) during 2001-2005. The 

present study is based on over all 2001-2005 publications appended in JSTOR on Goods and Services 

Tax (GST) during 5 years i.e. 2001-2005. 

DATA COLLECTION 

The term data refers to qualitative or quantitative attributes of a variable or set of variables. The data 

was collected from 2001-2005 Publications of ‘JSTOR (N-LIST)’on the subject Goods and Services Tax 

(GST) during 2001-2005 appended to 2001-2005 publications which were further analyzed. 

DATA ANALYSIS 

Analysis of the data is essential part of any study. Data analysis is done for the purpose of huge volume 

of data is reduced into meaning full case report. Analysis of total 2001-2005 publications Goods and 

Services Tax (GST) covered under JSTOR during 2001-2005. It was done by using various parameters like 

to identify the core journals; ranking of journal, ranking of another, to find out subject wise distribution 

of journals, to find out Year wise distribution, to find out form wise, country wise distribution. The data 

was analyzed and presented in the form of tables and graphs to show the result prominently. 

ANALYSIS AND RESULTS 

According to the objective of the study, analysis and findings of the study are outline below. 

1. Year- Wise Distribution of Publications  

Table No. 1. Year- Wise Distribution of Publications 

The year-wise distribution of publication is shown in Table No.1. 

Year  No. of Articles  Percentage %  Cum. %  

2001 3523 18.8 18.8 

2002 3784 20.19 38.99 

2003 3773 20.14 59.13 

2004 3792 20.24 79.37 

2005 3862 20.63 100 

Total  18734 100 
 

Table No. 1. Shows that the uniform distribution of publications across the five-year period. In 2001, 

3,523 articles were published, accounting for 18.80% of the total output. The number of articles 

increased in 2002 to 3,784, representing 20.19% of the total publications. In 2003, 3,773 articles were 

published, contributing 20.14%, which is almost equal to the previous year. The publication output 
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continued to rise slightly in 2004, reaching 3,792 articles (20.24%). The highest number of articles was 

recorded in 2005, with 3,862 articles, constituting 20.63% of the total publications. 

 

2. Year- Wise Distribution of Publication (TLCS, TGCS)  

Table No.2. Year- Wise Distribution of Publication (TLCS, TGCS) 

Year  

No. of 

Articles  

Percentage 

%  TLCS % TGCS % 

2001 3523 18.8 2845 21.39 4457 25.24 

2002 3784 20.19 2508 18.86 3396 19.23 

2003 3773 20.14 2602 19.57 3590 20.33 

2004 3792 20.24 2855 21.47 2920 16.54 

2005 3862 20.63 2489 18.72 3295 18.66 

Total 18734 100 13299 100.00 17658 100.00 

Table No. 2. Shows that, the TGCS was 2,920 (16.54%), the lowest among all years, indicating relatively 

lower global citation impact. The year 2005 produced the highest number of articles, 3,862 (20.63%), 

accounting for the largest share of publication output. These articles received a TLCS of 2,489 (18.72%) 

and a TGCS of 3,295 (18.66%). Despite the highest productivity, the citation impact was moderate 

compared with earlier years. 

18.8

20.19
20.14

20.24

20.63

17.5

18

18.5

19

19.5

20

20.5

21

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

Figure No. 1 Year- Wise Distribution of Publications  

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

210  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

 

3. Year- Wise Distribution for Length of Publication  

Table No. 3. Year- Wise Distribution for Length of Publication 

Year  
No. of 
Articles  

No. of 
Pages  

Percentage 
% Cum.% 

2001 3523 21138 19.06 19.06 
2002 3784 21980 19.82 38.88 
2003 3773 22580 20.37 59.25 

2004 3792 20589 18.57 77.82 
2005 3862 24589 22.18 100 
Total 18734 110876 100  

 Table No. 3. Shows that the dataset consists of 18,734 articles spread across 110,876 pages. The 

distribution of pages remained fairly balanced throughout the study period, with annual contributions 

ranging from 18.57% to 22.18%. While 2005 recorded the highest number of articles and pages, 2004 

had the lowest share of pages despite a comparable number of articles. 
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4. Average Number of References per Publications  

Table No. 4. Average Number of References per Publications 

Year  0 to 10 11 to 20 21 to 30 More Than  Total 
2001 2671 778 62 12 3523 
2002 2722 989 58 15 3784 
2003 2851 845 56 21 3773 
2004 3115 578 74 25 3792 
2005 3159 589 90 24 3862 
Total  14518 3779 340 97 18734 

The table presents the distribution of 18,734 publications according to the number of references cited 

in each publication during the period 2001–2005. The publications are classified into four categories: 

0–10 references, 11–20 references, 21–30 references, and more than 30 references. The data show that 

the majority of publications contained 0–10 references. Out of the total 18,734 publications, 14,518 

publications (77.50%) fall into this category. This indicates that most articles cited a relatively small 

number of references. The category 11–20 references accounted for 3,779 publications (20.17%), 

making it the second-largest group. Publications with 21–30 references were comparatively few, 

numbering only 340 (1.81%), while publications with more than 30 references were the least common, 

accounting for just 97 publications (0.52%). 
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5. Degree of Collaboration  

Table No. 5. Degree of Collaboration 

Year 

Single Author 

(Ns) Multiple 

Total (Nm+ 

Ns) 

Degree of 

Collaboration 

2001 701 10388 11089 0.93 

2002 785 11985 12770 0.93 

2003 605 10855 11460 0.94 

2004 588 11850 12438 0.95 

2005 855 11999 12854 0.93 

Total 3534 57077 60611 
 

The table presents the Degree of Collaboration (DC) among authors for publications produced during 

the period 2001–2005. The Degree of Collaboration, proposed by Subramanyam, is calculated using 

the formula: 

where: 

• Nm = Number of multi-authored contributions  

• Ns = Number of single-authored contributions  

• C = Degree of Collaboration  
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The data indicate a strong preference for collaborative research throughout the study period. A total of 

60,611 authorship instances were recorded, comprising 3,534 single-authored contributions and 

57,077 multi-authored contributions. 

The overall Degree of Collaboration is: 

 

Thus, the overall Degree of Collaboration for the period 2001–2005 is 0.94. 

 

6. Year- Wise Bibliographical Distribution  

Table No. 6. Year- Wise Bibliographical Distribution 
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Total 10635 6192 375 1354 160 18 0 0 18734 

 Table No. 6.  presents the year-wise bibliographical distribution of 18,734 records published 

during the period 2001–2005. The records are classified into various document types, namely Journals, 

Book Chapters, Research Reports, Serials, Documents, Books, Images, and Videos. 2001: Journals 

(2,136) dominated the literature, followed by book chapters (991) and serials (293). 2002: Book 

chapters increased substantially to 1,264, while journal publications remained stable at 2,141. 2003: 

Journals reached 2,151 records, the highest annual journal count, while research reports increased to 

86. 2004: Book chapters continued to rise to 1,282, and books reached their highest annual count of 

five. 2005: The highest total output (3,862 records) was recorded. Book chapters reached their peak 

(1,451), while serial publications declined considerably. 

 

CONCLUSION 

The present study analyzed a total 18734 publications in JSTOR from 2001 to 2005. The analysis shows 

that the year-wise distribution shows the Publications has been extended from 2001--2005. Length wise 

distribution of publications. The degree of collaborations is. 0.94. The number of pages has also been 

increased. Overall, seeing the increasing impact Goods and Services Tax (GST), the most research 

papers are published in 2022. Also, the most published research papers in Indian journals are 

published in India. 
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ABSTRACT 

Physics- traditionally seen as a fundamental natural science — is increasingly positioned at the centre 

of global environmental challenges and broader societal questions. Environmental degradation, 

climate change, sustainability, and ethical considerations demand not only new physical insights but 

also interdisciplinary frameworks bridging physics with environmental sciences, social sciences, and 

the humanities. This paper synthesizes recent developments, outlines key challenges, and proposes 

collaborative research directions for integrating physical science with ecology, culture, policy, and 

human values. 

KEYWORDS 

Physics, Environmental, Humanities, Development. 

INTRODUCTION 

Physics provides the foundational tools for understanding the natural world — from quantum particles 

to climate systems — but the scope of global crises today extends beyond technical descriptions. The 

climate crisis, biodiversity loss, and resource depletion are not only scientific problems but also human 

problems that intersect with societal values, ethics, and cultural narratives. Modern research 

increasingly views physics as both a contributor to and a lens for addressing environmental and 

humanistic challenges. 

OBJECTIVES OF THE RESEARCH STUDY 

To study of Emerging Global Challenges in Physics. 

RESEARCH METHODOLOGY 

The primary source of data collection in this research paper is the secondary data. The available 

information on Emerging Global Challenges in Physics been extensively used to complete the research 

paper. All the available Journals, Related books, Web, Articles, Publish and unpublished information 

and Papers provided necessary information to the finalize the research paper. 
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1. Physics and Environmental Challenges 

1 .1 Climate Physics and Earth System Dynamics 

Climate systems are a quintessential example of how physics addresses environmental complexity. 

Research in climate physics applies statistical physics, nonlinear dynamics, and complex systems 

theory to understand feedback loops, extreme events, and tipping points within the Earth system. These 

models are essential for forecasting climate change trajectories and informing mitigation strategies.  

1.2 Sustainability of Research Practices 

Even fundamental physics research such as big experimental infrastructures used in high-energy 

physics has notable environmental footprints. Recent efforts within the scientific community aim to 

minimize energy consumption, reduce emissions, and reimagine research practices with sustainability 

in mind. 

1.3 Physics for Sustainability in Energy and Environment 

Applied physics underpins the development of renewable energy technologies, low-carbon energy 

systems, and environmental diagnostics. Physics plays a critical role in improving solar-power 

efficiencies, wind energy systems, and the modeling of climate policy outcomes.  

2. Interdisciplinary Bridges to the Humanities 

2.1 Conceptualizing the Anthropocene 

The Anthropocene — the proposed geological epoch dominated by human impact — is not just a 

scientific concept but a cultural and philosophical one. Humanities researchers explore the 

implications of human-driven planetary transformation in literature, philosophy, art, and ethics, 

highlighting how physical science intersects with human meaning and responsibility. 

2.2 The Role of Humanities in “Greening” Physics 

Scholars argue that humanities perspectives including ethics, history, and cultural critique can help 

make physics research and applications more environmentally responsible by questioning 

assumptions, values, and priorities within scientific practice. 

2.3 Philosophical and Existential Dimensions 

Some lines of inquiry expand physics into philosophical realms, connecting conceptual foundations 

with questions about human meaning, risk, and future possibilities. These explorations challenge the 

traditional boundaries of physical science, suggesting a place for philosophical reflection in scientific 

research. 
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3. Educational Imperatives 

3.1 Interdisciplinary Education for Global Challenges 

Physics education is evolving to incorporate sustainability and environmental awareness, equipping 

learners to approach climate and ecological problems with both technical foundations and critical 

ethical reasoning. Recent studies in physics education reveal that integrating sustainability into 

curricula boosts environmental understanding and motivation among students.  

3.2 Complexity and Uncertainty in Teaching 

Innovative educational modules emphasize complexity and uncertainty central themes in both modern 

physics and environmental science as tools for fostering sustainability mindsets and cross-disciplinary 

dialogue 

4. Social and Ethical Dimensions 

4.1 Ethical Implications of Physics Research and Technology 

Physics creates technologies with profound ethical consequences from nuclear energy and weaponry 

to climate interventions. Responsible physics research requires engagement with the ethical 

implications of technological deployment, risk, and societal impact. 

4.2 Quantum Concepts in Social Sciences 

Emerging ideas like quantum social science suggest that physics concepts can offer new frameworks 

for studying human behavior, decision-making, and social complexity — blurring the line between 

physical and social sciences.  

4.3 Environmental Justice and Policy 

Environmental policy increasingly relies on scientific evidence to inform equitable solutions. Physics 

contributions to climate modeling and sustainability strategies need to be paired with humanities 

insights on justice, agency, and governance to ensure just transitions across societies. 

5. Educational Imperatives Despite growing intersections, significant challenges remain 

5.1 Bridging epistemologies 

Physics and humanities employ different methodologies and frameworks, making collaboration 

complex. 

5.2 Communicating uncertainty 

Physical models inherently carry uncertainties, and effective communication of these in policy 

contexts is critical. 
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5.3 Ethics and responsibility 

Balancing scientific advancement with ethical commitment to environmental and societal well-being. 

CONCLUSION 

Physics will continue to be central to confronting global environmental challenges from climate change 

to sustainable technologies but success demands interdisciplinary engagement with the humanities. 

By incorporating ethical, cultural, and social perspectives, the physics community can better navigate 

complex problems and contribute to sustainable and equitable solutions. 

Future research should continue fostering interdisciplinary frameworks, integrate environmental and 

humanistic perspectives into physics education, and critically evaluate the impacts of scientific 

practice on society and the planet. 
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ABSTRACT 

Zinc (Zn) is an essential micronutrient required for plant growth and development, but much of the zinc 

present in soils occurs in insoluble forms that are unavailable to plants. Zinc solubilizing 

microorganisms (ZSMs), including bacteria and fungi improve zinc availability by converting insoluble 

zinc compounds into plant accessible forms. Their effectiveness as biofertilizers depends on efficient 

isolation, characterization, and formulation strategies that ensure high microbial viability during 

storage and field application. 

This review provides an information about the isolation methodologies of zinc solubilizing fungi, 

bacteria and chemical used in liquid state formulation that support the development of stable and 

effective zinc solubilizing microbial inoculants for sustainable agriculture. 

KEYWORDS 

Zinc, Microorganisms, Isolation methodology, Formulations. 

INTRODUCTION 

Zinc (Zn) is an essential micronutrient required for normal plant growth, development, and productivity. 

It acts as a structural and catalytic component of numerous enzymes and proteins involved in 

photosynthesis, protein synthesis, carbohydrate metabolism, nucleic acid synthesis, membrane 

integrity, and antioxidant defence.  (Broadley et. al.,2007) Adequate zinc nutrition is therefore essential 

for improving both crop yield and nutritional quality 

Zinc deficiency is one of the most widespread micronutrient disorders affecting agricultural soils 

worldwide, particularly in calcareous, alkaline, sandy, and highly weathered soils (Upadhayay et 

al.,2022) Despite its critical physiological value, a vast proportion of global arable soils suffer from 

extreme zinc deficiencies. To counter this, conventional farming methods rely heavily on the exogenous 

addition of inorganic chemical inputs, such as zinc sulfate (ZnSO₄) or zinc oxide (ZnO). However, the 
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agricultural efficiency of these chemical treatments is severely limited; immediately upon coming into 

contact with the soil matrix, up to 90% of the applied zinc undergoes intense precipitation, adsorption, 

and chemical fixation (Hefferon, 2019).  Continuous cropping, intensive fertilizer use, low organic 

matter, and high soil pH further reduce zinc availability, resulting in poor plant growth, chlorosis, 

reduced grain yield, and lower zinc concentration in edible plant parts, (Cakmak 2008 and Alloway2009) 

Although soils often contain sufficient total zinc, most of it occurs in insoluble forms such as zinc oxide, 

zinc carbonate, zinc phosphate, and zinc sulphide, making it unavailable for plant uptake (Mohammad 

Yaghoubi Khanghahi et al.,) Consequently, the efficiency of conventional zinc fertilizers is often limited 

because a large proportion of applied zinc becomes immobilized shortly after application. (Alloway, 

2009) To bypass this challenge without exacerbating chemical pollution or encouraging soil degradation 

(Seema & Asifa, 2015), global agricultural frameworks are rapidly transitioning toward organic-based, 

sustainable bioinoculants. Zinc-solubilizing microbes (ZSM) which include specialized plant growth-

promoting rhizobacteria (PGPR) and rhizospheric fungi can naturally transform these insoluble, fixed 

zinc complexes into plant-available free ions (Zn²⁺) (Pankaj Kumar Rai et al., 2019) 

The use of beneficial soil microorganisms has emerged as an environmentally sustainable approach to 

improving zinc availability. Zinc-solubilizing microorganisms (ZSMs), including bacteria, fungi, and 

actinomycetes, convert insoluble zinc compounds into soluble forms through mechanisms such as 

organic acid production, proton extrusion, siderophore secretion, and chelation These microorganisms 

also possess several plant growth-promoting traits, including phosphate solubilization, biological 

nitrogen fixation, phytohormone production, and pathogen suppression, thereby enhancing overall 

crop performance (Singh et al.,2024; Upadhayay et al.,2022 ). 

Efficient isolation and characterization of zinc-solubilizing microorganisms are essential for developing 

effective microbial inoculants. Most isolates are obtained from rhizosphere soils, agricultural fields, 

composts, and other organic environments using serial dilution, selective media containing insoluble 

zinc compounds, and subsequent biochemical and molecular characterization (Costerousse et 

al.,2018; Hashemnejad et al.,2021) Recent molecular techniques, including 16S rRNA gene 

sequencing, ITS sequencing, and whole-genome analysis, have greatly improved the identification and 

functional characterization of promising microbial strains (Schoch et al.,2012; Chun et al.,2018) 

The commercial success of zinc-solubilizing microorganisms depends largely on formulation 

technology. During storage and transportation, microbial cells are exposed to desiccation, temperature 
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fluctuations, oxidative stress, and nutrient depletion, all of which reduce cell viability Therefore, 

suitable formulation strategies are required to maintain microbial survival and shelf life. Modern 

microbial formulations employ carrier materials together with chemical additives such as, polyvinyl 

alcohol, polyvinyl pyrrolidone, xanthan gum, glycerol, trehalose, polymers, Osmo protectants, 

stabilizers, and nutrient supplements to enhance microbial viability during storage and field 

application. Encapsulation technologies, polymer-based formulations, and liquid biofertilizers have 

further improved inoculant stability and field performance.Despite significant advances, several 

challenges remain including inconsistent field performance, limited shelf life, contamination during 

storage, and lack of standardized formulation protocols. Continued research on microbial isolation 

techniques and their formulation is therefore essential for developing stable, efficient, and 

commercially viable zinc-solubilizing microbial inoculants that support sustainable agriculture (John 

et al.,2011; Malusa et al., 2012; Bashan et al.,2014 

This review examines isolation methodology and chemical used in liquid state formulations to extend 

zinc solubilizing microorganisms shelf life. 

Isolation Methodology for Zinc Solubilizing Microorganisms. 

A) Isolation techniques for zincsolubilizing fungi (ZSF) 

Zinc-solubilizing fungi are commonly isolated from rhizosphere soils, agricultural soils, composts, and 

other organic environments. Isolation generally involves soil sampling, serial dilution, plating on 

selective media containing insoluble zinc compounds, purification of isolates, qualitative and 

quantitative screening for zinc solubilization, and identification using morphological and molecular 

techniques 

1. Collection of soil samples 

Soil samples are collected from agricultural fields, rhizosphere soils usually at a depth of 5–15 cm, 

using sterile tools.The collected soil is placed in sterile containers or polythene bags, transported to the 

laboratory, and stored under cool conditions until analysis. (Samira et al., 2024, Chanu and Yadav 2024)  

2. Serial dilution of soil 

One gram of soil is mixed with 9 mL of sterile distilled water or saline solution and shaken thoroughly to 

obtain a uniform suspension. A series of ten-fold dilutions (10⁻¹ to 10⁻9) is then prepared. Appropriate 

dilutions are used for plating to obtain well-separated fungal colonies.   ( Samira et al., 2024)., Doilom 

et al., 2020)) 
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3. Plating on selective medium 

Aliquots from the diluted samples are spread onto fungal growth media supplemented with insoluble 

zinc compounds such as zinc oxide (ZnO), zinc carbonate (ZnCO₃), or zinc phosphate [Zn₃(PO₄)₂]. 

Commonly used media include Potato Dextrose Agar (PDA), Czapek-Dox Agar, and Modified Bunt and 

Rovira medium. These insoluble zinc sources help identify fungi capable of converting unavailable zinc 

into soluble forms (Islas-Valdez et al., 2024; Anitha et al., 2015). 

4. Incubation 

The inoculated plates are incubated at approximately 28 ± 2°C for 3–7 days. During incubation, fungal 

colonies develop on the medium. Colonies surrounded by a clear halo zone are considered potential 

zinc-solubilizing fungi because the halo indicates dissolution of the insoluble zinc compound (Islas-

Valdez et al., 2024; Anitha et al., 2015). 

5. Purification of isolates 

Selected colonies showing clear zones are transferred onto fresh PDA plates using streaking 

techniques. Repeated subculturing is carried out until pure fungal cultures are obtained. Pure isolates 

are maintained on agar slants and kept in refrigerator for further studies (Aneja, 2003; Islas-Valdez et 

al., 2024). 

6. Primary screening for zinc solubilization 

Purified isolates are spot-inoculated onto fresh zinc-containing agar plates. After incubation, both the 

colony diameter and the surrounding halo diameter are measured. The Solubilization Index (SI) is 

calculated as: 

SI = (Colony diameter + Halo zone diameter) / Colony diameter 

A larger SI value indicates greater zinc-solubilizing efficiency (Islas-Valdez et al., 2024; Saravanan et al., 

2007). 

7. Quantitative estimation of soluble zinc 

Efficient isolates are further tested in liquid broth containing insoluble zinc compounds. The cultures 

are incubated under shaking conditions for several days. After filtration or centrifugation, the amount 

of soluble zinc released into the medium is measured using Atomic Absorption Spectrophotometry 

(AAS). A decrease in pH is often observed because many fungi produce organic acids during zinc 

solubilization (Ramesh et al., 2014; Islas-Valdez et al., 2024). 

8. Identification of fungal isolates 
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Promising isolates are identified using both morphological and molecular methods. 

Morphological identification 

• Colony colour and texture 

• Growth pattern 

• Spore morphology 

Microscopic examination using lactophenol cotton blue stain (Barnett & Hunter, 1998; Anitha et al., 

2015) 

Molecular identification 

• DNA extraction (Choudhary et al.,2024) 

• ITS rDNA sequencing (White et al., 1990; Islas-Valdez et al., 2024) 

B) Isolation techniques for zinc solubilizing bacteria (ZSB) 

Isolation of zinc-solubilizing bacteria (ZSB) is an essential step in identifying beneficial microorganisms 

capable of converting insoluble zinc compounds into forms available for plant uptake. Most ZSB are 

isolated from the rhizosphere soil because root exudates create a favourable environment for microbial 

growth and nutrient transformation. The general isolation procedure involves rhizosphere soil 

collection, serial dilution, plating on selective media containing insoluble zinc compounds, purification 

of bacterial colonies, qualitative and quantitative screening, and molecular identification (Waksman, 

1927; Mishra et al., 2017; Riffat et al., 2021). 

1. Collection of soil samples 

Healthy plants are carefully uprooted, and the soil adhering to their roots is collected aseptically using 

sterile spatulas or forceps. Rhizosphere soil is preferred because it harbors a rich population of plant 

growth-promoting microorganisms. Samples are transferred into sterile polyethylene bags or screw-

capped containers, transported to the laboratory under cool conditions, and stored at approximately 

4°C until microbiological analysis (Ramesh et al., 2014; Sharma et al., 2013; Rahman et al., 2024; Patil 

et al., 2024). 

2. Serial dilution of soil samples 

One gram of rhizosphere soil is suspended in 9 mL of sterile distilled water or 0.85% saline solution and 

thoroughly mixed to obtain a homogeneous suspension. Serial ten-fold dilutions (10⁻¹–10⁻⁶) are 

prepared by transferring 1 mL of each suspension into successive tubes containing sterile diluent. 

Appropriate dilutions are plated to obtain isolated bacterial colonies suitable for purification. The serial 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

225  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

dilution technique has been a standard microbiological method for isolating soil bacteria since the 

early work of Waksman and continues to be widely used in current studies (Waksman, 1922, 1927; 

Sharma et al., 2013; Saha et al., 2018; Islas-Valdez et al., 2024; Patil et al., 2024). 

3. Plating on selective zinc-containing medium 

Aliquots from suitable dilutions are spread onto Bunt and Rovira agar or modified Pikovskaya's medium 

are commonly used media for isolating zinc-solubilizing bacteria. The medium is supplemented with 

insoluble zinc compounds such as zinc oxide (ZnO), zinc carbonate (ZnCO₃), or zinc phosphate 

[Zn₃(PO₄)₂], which serve as the sole zinc source. Bacterial colonies capable of solubilizing these 

compounds produce clear halo zones due to the release of organic acids and other metabolites (Rai et 

al., 2019; Srithaworn et al., 2023; Islas-Valdez et al., 2024). 

4. Incubation 

The inoculated plates are incubated aerobically at 28–30°C for 48–72 hours. Colonies producing visible 

halo zones are selected as potential zinc-solubilizing bacteria. Some isolates may require a longer 

incubation period depending on their growth rate (Rai et al., 2019; Srithaworn et al., 2023). 

5. Purification of bacterial isolates 

Individual colonies exhibiting zinc-solubilizing activity are repeatedly streaked onto fresh Bunt and 

Rovira agar plates until pure cultures are obtained. Purified isolates are maintained on agar slants in 

refrigerator for further work. (Rajmahammad Rasul Tamboli 2019; Patil et al., 2024). 

6. Qualitative screening for zinc solubilization 

Purified isolates are spot-inoculated onto fresh zinc-containing agar plates and incubated under 

suitable conditions. The colony diameter and surrounding halo zone are measured to calculate the Zinc 

Solubilization Index (ZSI) using the following equation: 

ZSI = (Colony diameter + Halo zone diameter) / Colony diameter 

Higher ZSI values indicate greater zinc-solubilizing efficiency (Kamran et al., 2017; Saha et al., 2018; 

Bhatt & Maheshwari 2020; Srithaworn et al., 2023 Choudhary et al.,2024;). 

7. Quantitative estimation of zinc solubilization 

Efficient isolates are inoculated into liquid medium containing insoluble zinc compounds and 

incubated under shaking conditions for 5–7 days. After incubation, cultures are centrifuged, and the 

soluble zinc concentration in the supernatant is measured using Atomic Absorption Spectroscopy 

(AAS). The pH of the culture filtrate is also determined because zinc solubilization is generally 
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associated with organic acid production (Sharma et al., 2013; Kamran et al., 2017; Bhatt & Maheshwari 

2020; Rahman et al., 2024. Choudhary et al.,2024;). 

8. Identification of efficient isolates 

Selected isolates are characterized using morphological and biochemical methods, including colony 

morphology, Gram staining and other biochemical tests. Molecular identification is carried out by 

sequencing the 16S rRNA gene, followed by comparison with sequences available in the NCBI GenBank 

database (Sharma et al., 2013; Saha et al., 2018; Rahman et al., 2024. Choudhary et al.,2024;). 

Chemicals used for Liquid State Formulation. 

Liquid microbial formulations have become an effective alternative to conventional carrier-based 

biofertilizers because they provide higher microbial viability, longer shelf life, easier application, and 

greater adaptability under field conditions. Liquid formulations are particularly suitable for plant 

growth-promoting microorganisms (PGPM), including zinc-solubilizing bacteria (ZSB), phosphate-

solubilizing bacteria (PSB), potassium-solubilizing bacteria (KSB), and nitrogen-fixing bacteria (Bashan 

et al., 2013; Allouzi et al., 2022). Liquid formulations contain living microbial cells suspended in 

aqueous or oil-based media supplemented with nutrients, osmoprotectants, polymers, stabilizers, and 

antioxidants that protect microbial cells during storage and transportation (Allouzi et al., 2022; Vassilev 

et al., 2020). Properly formulated liquid inoculants generally maintain viable populations for 12–24 

months under recommended storage conditions (Allouzi et al., 2022). 

An ideal liquid formulation contains chemicals that protect microbial cells from osmotic stress, 

desiccation, oxidative damage, nutrient depletion, and pH fluctuations while maintaining high cell 

viability throughout storage (Malusá et al., 2012; Chaudhary et al., 2020). 
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These additives improve membrane integrity, reduce dehydration injury, prevent sedimentation, and 

prolong the shelf life of microbial inoculants. Osmoprotectants such as glycerol and trehalose, together 

with polymers including sodium alginate, xanthan gum, CMC, and PVP, are among the most widely used 

additives in commercial liquid biofertilizers (Allouzi et al., 2022; Chaudhary et al., 2020). 

CONCLUSION 

Isolation and characterization of zinc-solubilizing fungi and bacteria are essential for identifying 

efficient strains for biofertilizer development. Microbial formulations play a crucial role in improving the 

survival, shelf life, and effectiveness of beneficial microorganisms used in sustainable agriculture. 

Advances in isolation techniques and formulation technologies have enhanced the commercial 

potential of zinc-solubilizing microorganisms, making them promising for improving zinc availability, 

crop productivity, maintain soil health, and reduce dependence on chemical fertilizers, thereby 

supporting sustainable agricultural systems. 
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INTRODUCTION 

Aquaculture is the farming of aquatic organisms such as fish, prawns, shrimp, crabs, mussels, oysters, 

and aquatic plants under controlled or semi-controlled conditions. It is one of the fastest-growing food 

production sectors in the world. India is the second-largest producer of fish through aquaculture and 

one of the leading exporters of shrimp globally. Aquaculture has emerged as a vital component of the 

Indian economy by providing employment, improving food security, increasing farmers' income, and 

promoting sustainable rural development. 

The Government of India has recognized aquaculture as a priority sector because it contributes 

significantly to agricultural growth, exports, and poverty reduction. With abundant freshwater 

resources, rivers, reservoirs, ponds, lakes, and a long coastline, India has immense potential for 

aquaculture development. 

Role of Aquaculture in Rural Development- 

1. Employment Generation- 

Aquaculture provides direct and indirect employment opportunities to millions of rural people. 

-Fish farming creates jobs in pond preparation, seed production, feeding, harvesting, transportation, 

processing, and marketing. 

-Women participate in fish processing, net making, fish drying, packaging, and marketing. 

-Youth can establish fish hatcheries, ornamental fish units, biofloc systems, and feed manufacturing 

enterprises. 

-Seasonal unemployment in villages is reduced through year-round aquaculture activities. 

According to recent estimates, the fisheries and aquaculture sector supports the livelihoods of more 

than 28 million people in India. 

2. Income Generation and Poverty Alleviation- 

Aquaculture provides higher income than many traditional agricultural crops. 
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-Farmers can utilize small ponds, tanks and unused lands for fish farming. 

Composite fish culture, integrated fish farming and shrimp culture provide attractive profits. 

-Regular harvesting ensures continuous income throughout the year, Small and marginal farmers 

improve their economic condition through fish farming. 

-The increased income helps rural families invest in better education, healthcare, housing and 

agriculture. 

3. Food and Nutritional Security- 

Fish is one of the richest sources of high-quality animal protein. 

Fish contains: 

-High-quality protein 

-Omega-3 fatty acids 

-Vitamin A 

-Vitamin D 

-Vitamin B12 

-Calcium 

-Iron 

-Phosphorus 

-Zinc. 

Regular fish consumption helps reduce protein deficiency and malnutrition among rural populations. 

Aquaculture ensures continuous availability of nutritious food at affordable prices. 

4. Utilization of Water Resources- 

India possesses vast freshwater resources that remain underutilized. 

Aquaculture promotes efficient utilization of: 

-Village ponds 

-Farm ponds 

-Reservoirs. 

-Lakes. 

-Canals. 

-Floodplain wetlands. 

-Brackish water areas. 
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Even abandoned ponds can be converted into productive fish farms, generating income without 

competing with agricultural land. 

5. Promotion of Integrated Farming- 

Integrated farming combines aquaculture with agriculture and livestock. 

Examples include: 

-Fish-cum-duck farming 

-Fish-cum-poultry farming 

-Fish-cum-pig farming 

-Rice-fish farming 

Benefits include: 

-Efficient recycling of nutrients 

-Reduced production costs 

-Higher productivity 

-Additional income 

-Better utilization of available resources 

-Integrated farming is particularly beneficial for small farmers. 

6. Women's Empowerment- 

Aquaculture provides numerous opportunities for rural women. 

Women participate in: 

-Fish seed nursing 

-Ornamental fish culture 

-Fish feed preparation 

-Fish processing 

-Dry fish production 

-Packaging 

-Marketing 

-Self-help groups (SHGs). 

Women's participation increases household income and promotes gender equality. 

7. Development of Rural Entrepreneurship- 

Aquaculture encourages entrepreneurship among rural youth. 
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Entrepreneurial opportunities include: 

-Hatchery establishment 

-Fish seed production 

-Biofloc fish farming 

-Cage culture 

-Ornamental fish farming 

-Fish feed manufacturing 

-Fish processing 

-Cold storage 

-Fish transport. 

These enterprises generate employment and strengthen rural economies. 

8. Export Earnings- 

India is one of the world's leading exporters of shrimp and seafood. 

Major export products include: 

-Frozen shrimp 

-Frozen fish 

-Cuttlefish 

-Squid 

-Crab 

-Lobster. 

Aquaculture contributes substantially to India's foreign exchange earnings and improves the country's 

trade balance. 

9. Development of Allied Industries- 

Aquaculture promotes the growth of numerous supporting industries. 

These include: 

-Fish feed manufacturing 

-Hatcheries, 

-Ice plants, 

-Cold storage, 

-Packaging industries, 
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-Transportation services, 

-Fishing gear manufacturing, 

-Processing industries. 

These industries generate additional employment and stimulate rural industrial development. 

10. Government Support- 

The Government of India promotes aquaculture through various schemes. 

Major initiatives include: 

-Pradhan Mantri Matsya Sampada Yojana (PMMSY) 

-Kisan Credit Card (KCC) for fisheries 

-Blue Revolution Programme 

-Fisheries Infrastructure Development Fund (FIDF) 

These programmes provide: 

-Financial assistance 

-Subsidies 

-Insurance 

-Infrastructure development 

-Skill development 

-Modern technologies. 

Government support has significantly accelerated rural aquaculture development. 

Economic Importance of Aquaculture 

Aquaculture contributes to the Indian economy by: 

-Increasing agricultural GDP. 

-Generating rural employment. 

-Reducing poverty. 

-Enhancing export earnings. 

-Improving food and nutritional security. 

-Supporting sustainable rural livelihoods. 

-Promoting balanced regional development. 

-Increasing income of small and marginal farmers. 

-Encouraging entrepreneurship. 
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-Supporting women-led enterprises. 

-Challenges of Aquaculture 

-Despite its growth, aquaculture faces several challenges: 

-Disease outbreaks 

-Poor quality fish seed 

-High feed costs 

-Water pollution 

-Climate change 

-Floods and droughts 

-Limited cold storage facilities 

-Marketing problems 

-Price fluctuations 

-Lack of technical knowledge among farmers. 

Addressing these issues is essential for sustainable development.  

Future Prospects-  

The future of aquaculture in India is highly promising. 

Emerging technologies include: 

-Biofloc technology 

-Recirculatory Aquaculture Systems (RAS) 

-Cage culture 

-Integrated multi-trophic aquaculture 

-Digital monitoring systems 

-Artificial intelligence in fish farming 

-Improved fish breeding programmes 

With increasing domestic demand, export opportunities, and government support, aquaculture is 

expected to play a major role in achieving rural prosperity and national economic growth. 

CONCLUSION OF MY VIEW 

Aquaculture has become one of the most important sectors for rural development in India. It provides 

employment, generates income, ensures food and nutritional security, empowers women, promotes 

entrepreneurship, and contributes significantly to export earnings and economic growth. Sustainable 

https://www.ijitmr.com/
mailto:editor@ijitmr.com


  
 

International Journal of Innovative Trends  
in Multidisciplinary Research (IJITMR)  

 

A Peer-Reviewed, Referred, Indexed Multidisciplinary Open-Access Research Journal 
 
 

239  
 

   E-ISSN:3049-3846 

Website: https://www.ijitmr.com/ Email: editor@ijitmr.com  January, 2026 

aquaculture practices, supported by modern technology and effective government policies, can 

transform rural livelihoods and strengthen the Indian economy. Expanding aquaculture in an 

environmentally responsible manner will help achieve inclusive rural development, poverty reduction, 

and long-term economic sustainability. 
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ABSTRACT 

Ficus religiosa L. (Moraceae), known as the sacred fig or Peepal, is an ethnomedicinal tree of the Indian 

subcontinent, intensively studied for its leaves, stem bark, fruits and latex but the subterranean root 

structure remains less explored. The aim of the present study was to define the baseline qualitative 

phytochemical profile of the root. Shade dried root powder (40 mesh, 50.0 g) of Swami Ramanand 

Teerth Marathwada University campus, Nanded, Maharashtra, India was cold macerated with 95% 

ethanol (1:10 w/v) for 72 h at 25±2 °C with periodic shaking and concentrated at 45 °C to give 4.20 g 

(8.40% w/w) of a dark brownish black semi-solid extract. A reconstituted test solution (10 mg/mL) was 

screened for eight classes of primary and secondary metabolites using standard colorimetric and 

precipitation assays, each carried out in triplicate against reagent blanks. Phenols and tannins were 

invariably present generating the distinctive blue-green to brownish black ferric chloride coloring and 

dense dark green flocculent precipitate respectively. Carbohydrates (Benedict's and iodine tests), 

proteins (biuret test), free amino acids (ninhydrin test), saponins (froth test), steroids and triterpenoids 

(Salkowski test) and anthranol glycosides (modified Borntrager's test) were not detected on extraction 

and assay conditions used. Thus, the ethanolic root extract is mainly enriched in polyphenolic 

compounds and has a more restricted metabolite profile than that described for the aerial parts of the 

species. The present findings provide a preliminary chemical rationale for the traditional use of Peepal 

root in astringent and antimicrobial preparations and identify the root as an under-exploited organ 

worthy of quantitative estimation of phenolic and tannin content, chromatographic fingerprinting and 

bioassay-guided isolation of individual polyphenols. 

KEYWORDS 

Ficus religiosa; Moraceae; Peepal; ethnopharmacology; ethanolic root extract; cold maceration; 

qualitative phytochemical screening; polyphenols; tannins 
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Ficus religiosa L. (Family Moraceae) is known as Ashvattha in Sanskrit and is popularly known as Peepal 

or sacred fig all over the Indian subcontinent. It is of immense cultural, spiritual and ethnomedicinal 

importance. In Hinduism, Buddhism and Jainism it is of tremendous importance and is commonly 

planted around shrines, educational institutions and community centers. It is characterized by 

outstanding ecological resilience and lengthy life span, a feature validated by recent comparative 

genomic analysis (Chakraborty et al., 2022). Apart from its age-old veneration, F. religiosa has been an 

important ingredient in the basic procedures of traditional Ayurvedic and Unani treatment for 

generations. The traditional uses include different parts of the plant such as leaves, stem bark, seeds, 

fruits, latex and roots to treat skin disorders, diabetes, inflammation, gastrointestinal disorders, heart 

disorders and infections (Arulmozhi and Sathiya, 2007; Chandrasekar et al., 2010; Panchawat, 2012; 

Bhalerao and Sharma, 2014). 

Much of the ancient lore has been confirmed by modern pharmacologic investigations. The water and 

alcohol extracts of F. religiosa showed antihyperglycemic and free-radical scavenging properties in 

diabetic animal models (Kirana et al., 2009; Abusufyan et al., 2018). The leaf extracts showed 

gastroprotective and anti-ulcerogenic activity (Gregory et al., 2013). Preliminary antiproliferative and 

apoptotic activity of stem bark extracts was observed on cancer cell lines (Shankar et al., 2021, 

preprint). Latex showed hepatoprotective benefits against chemically induced liver damage (Yadav, 

2015). Moreover, several aerial organ’s extracts showed broad range of antibacterial activity against 

pathogenic bacteria and fungi (Shahid et al., 2016; Prakash et al., 2017). Bioactivities have been well 

studied by Al-Snafi (2017); Murugesu et al. (2021); Sultana et al. (2024). 

While aerial organs are well documented, the underground root system has received little 

phytochemical analysis. The published investigations have mainly mapped flavonoids, phenolic acids, 

sterols and triterpenoids from leaves, stem bark and young stem buds by chromatographic and 

spectroscopic techniques (Lakshmi HimaBindu et al., 2013; Nawaz et al., 2020; Ghadigaonkar et al., 

2021; Kumar et al., 2023). Traditional formulations like Arishta preparations are prepared from root bark 

but the use of root tissue is also there (Jyothisree and Umadevi, 2020). There is a lack of comparative 

baseline screening of root ingredients. The tissue-specific biosynthesis and accumulation of secondary 

metabolites was reported in Ficus species (Babu et al., 2010). Therefore, it is worthwhile to build an 

organ-specific phytochemical profile of F. religiosa root. Therefore, the aim of this study was (i) to 

prepare a standardized crude ethanolic extract of F. religiosa root by cold maceration, (ii) to perform 
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qualitative phytochemical evaluation for eight major classes of primary and secondary metabolites and 

(iii) to compare the obtained profile with phytoconstituents reported for other organs of the species. 

MATERIALS AND METHODS 

2.1 Chemicals and Reagents 

All reagents and analytical grade solvents used in this study were purchased from standard scientific 

vendors. The reagents used were ferric chloride (2 and 5% w/v), sodium hydroxide (10% w/v), copper 

sulfate (1% w/v), Benedict’s reagent, Lugol’s iodine solution, ninhydrin reagent (0.2% w/v in acetone), 

chloroform (analytical grade), concentrated sulfuric acid, dilute hydrochloric acid, benzene and 

aqueous ammonia solution (25%). Analytical grade ethanol (95% v/v) was utilized as extraction 

menstruum and double distilled water for reagent dilution, washing and aqueous test solutions. 

2.2 Plant Material Collection and Authentication 

Healthy root samples of mature Ficus religiosa L. trees were taken during [insert month and year of 

collection] from the botanical reserve on the campus of Swami Ramanand Teerth Marathwada 

University (SRTMU), Nanded, Maharashtra, India. Subterranean lateral roots (1.5–3.0 cm diameter) 

were traced to the morphologically determined parent trees, carefully excavated, cleared from clinging 

dirt, chopped into uniform fragments (3–5 cm) and brought to the laboratory in sealed sterile 

polyethylene bags. The parent trees were identified based on distinctive vegetative features (cordate 

leaves with an extended caudate-acuminate apex, characteristic bark texture and venation pattern) 

and validated by a plant taxonomist of the Department of Botany. Voucher herbarium specimen was 

made and deposited in the departmental herbarium for future references. 

2.3 Preparation of Plant Powder 

The gathered root pieces were rinsed under running tap water to remove the soil particles and debris 

and washed repeatedly with distilled water. The cleaned roots were shade-dried at room temperature 

(25 ± 2 °C) away from direct sunshine for 14 days to reduce thermal degradation of thermolabile 

compounds. The dried roots were crushed to a coarse powder using a mechanical grinder and passed 

through a 40-mesh sieve (425 µm aperture) to ensure uniform particle size. The powder was kept in an 

air tight, moisture-proof amber glass container in a cool and dark environment until extraction following 

WHO quality control recommendations for medicinal plant products (World Health Organization, 

1998). 

2.4 Extraction by Cold Maceration 
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The extraction was accomplished by cold maceration, a non-thermal method, that is mild and retains 

heat labile phytoconstituents (Azwanida, 2015). 50.0 g of the coarse root powder was soaked in 500 mL 

of 95% ethanol (1:10 w/v drug to solvent ratio) in a closed flat-bottomed conical flask. The suspension 

was kept at room temperature (25 ± 2 °C) for 72 h with intermittent agitation (manual swirling at intervals 

of 6 h) to promote mass transfer across the matrix–solvent interface. The combination was filtered 

through Whatman No. 1 filter paper after 72 h to remove the liquid miscella from the insoluble marc. 

The filtrate was concentrated by controlled evaporation on a thermostated water bath at 45 °C to a 

sticky dark brownish semi-solid residue. The crude extract was weighed and percentage yield was 

estimated on dry-weight basis (% w/w). The extract was stored in an airtight vial at 4 °C until qualitative 

screening. 

2.5 Preparation of Working Test Solutions 

The stock concentration of 10 mg/ml was prepared by diluting the dried crude ethanolic root extract in 

10%(v/v) aqueous ethanol for the qualitative assays. The mixture was gently sonicated for 5 min, for 

complete dissolution. The test solutions were freshly prepared prior to use to avoid oxidative 

deterioration. 

2.6 Qualitative Phytochemical Screening Protocols 

Standard pharmacognostic methods (Doss, 2009; Maharaj et al., 2022) were employed for qualitative 

chemical screening. All tests were performed in triplicate (n = 3) and reagent blanks (control tubes 

containing extraction solvent but no plant extract) were used to guaranty reproducibility. The test was 

judged positive only if the diagnostic reaction was observed in all three repetitions and was absent from 

the matched blank. The tests employed were as follows. 

Test with ferric chloride (phenols). To 2.0 mL of the root extract solution, 2.0 mL of freshly made 2% 

(w/v) solution of ferric chloride was added. The development of a deep blue-green to dark brownish 

black coloring was regarded as suggestive of phenolic chemicals.  

Carbohydrates (Benedict’s and iodine tests). For reducing sugars, 1.0 mL of extract was mixed with 

1.0 mL of Benedict’s reagent and heated in a boiling water bath for 5 min; the appearance of a brick-red 

cuprous oxide precipitate was accepted as the positive criterion. To test for starch, 1.0 mL of extract 

was added to two drops of Lugol’s iodine solution. Deep blue black coloration was considered as 

positive test.  

Proteins (biuret test). To 2.0 mL of extract solution, add 1.0 mL of 10% sodium hydroxide and then 1% 
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copper sulfate solution drop by drop with gradual warming. The affirmative criterion was the hue of the 

sample to violet to pink, showing peptide bonding. 

Tannins (ferric chloride precipitation test). To 2.0 mL of the reconstituted aqueous extract, 2.0 mL of 

distilled water was added, followed by dropwise addition of 5% (w/v) ferric chloride solution. Rapid 

formation of a dark green flocculent precipitate was taken as indicative of condensed or hydrolysable 

tannins. 

Free amino acids (ninhydrin test). To 2.0 mL of test solution, 0.5 mL of 0.2% ninhydrin solution was 

added and the mixture was heated in a boiling water bath for 5 min. Development of Ruhemann's purple 

was taken as indicative of free α-amino groups. 

Saponins (froth test). A 5.0 mL aliquot of extract solution was vigorously agitated with 5.0 mL of 

distilled water in a graduated cylinder for 2 min and allowed to stand for 15 min. Formation of a 

persistent, honeycomb-like froth (>1 cm in height) was taken as indicative of saponins. 

Steroids and triterpenoids (Salkowski test). A 2.0 mL portion of extract was dissolved in 2.0 mL of 

chloroform and treated with 2.0 mL of concentrated sulphuric acid introduced carefully down the wall 

of the test tube. Appearance of a reddish-brown ring at the interface was taken as indicative of steroidal 

or triterpenoid nuclei. 

Anthranol glycosides (modified Borntrager’s test) The extract (2.0 mL) was hydrolyzed with 2.0 mL of 

dilute HCl, oxidized with ferric chloride in a boiling water bath for 5 min, cooled and partitioned with 2.0 

mL of benzene. The separated top benzene layer was treated with equal volume of weak ammonia 

solution. A prominent rose-pink coloration in the alkaline layer was taken as indicative of anthraquinone 

or anthranol glycosides. 

RESULTS 

3.1 Extraction Yield and Organoleptic Characteristics 

Cold ethanolic maceration of 50.0 g of dried root powder of Ficus religiosa yielded 4.20 g of a dark 

brownish-black, viscous semi-solid extract, corresponding to a recovery of 8.40% (w/w) on a dry-weight 

basis. The extract had a characteristic earthy odour and dissolved readily in polar organic and hydro-

alcoholic solvent systems. 

3.2 Phytochemical Screening Profile 

Table 1 and Figure 1 exhibit the qualitative screening results of the eight major and minor classes of 

metabolites and the accompanying reaction tubes with their reagent blanks, respectively. Only phenols 
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and tannins produced good replies in all the categories studied. Ferric chloride test gave rapid and 

intense dark blue-green to brownish black color (Fig. 1A) indicating the presence of phenolic 

constituents and addition of ferric chloride to aqueous fraction resulted in a dense dark green 

flocculent precipitate characteristic of tannins (Fig. 1D). The three replicates were consistently negative 

for tests for carbohydrates (Figure 1B, iodine test illustrated), proteins (Figure 1C), free amino acids 

(Figure 1E), saponins (Figure 1F), steroids and triterpenoids (Figure 1G) and anthranol glycosides (Figure 

1H) with the intrinsic brown color of the extract remaining unchanged in each case and no diagnostic 

color change, interfacial ring or precipitate developing relative to the corresponding blank. 

Table 1. Qualitative phytochemical screening of the ethanolic root extract of Ficus religiosa L. 

Phytochemic
al class 

Test / reagent employed Positive criterion (diagnostic 
observation) 

Inference 

Phenols Ferric chloride (2% w/v) Dark blue-green to brownish-
black coloration 

+ 

(Present) 

Carbohydrates Benedict's reagent; 
Lugol's iodine 

Brick-red precipitate; blue-
black coloration 

− 

(Not 
detected) 

Proteins Biuret test (NaOH + 
CuSO₄) 

Violet to pink coloration − 

(Not 
detected) 

Tannins Ferric chloride (5% w/v), 
precipitation 

Dark green flocculent 
precipitate 

+ 

(Present) 

Free amino 
acids 

Ninhydrin (0.2% in 
acetone) 

Ruhemann's purple coloration − 

(Not 
detected) 

Saponins Froth / foam test Persistent honeycomb froth (>1 
cm) 

− (Not 
detected) 

Steroids and 
triterpenoids 

Salkowski test (CHCl₃ + 
conc. H₂SO₄) 

Reddish-brown interfacial ring − (Not 
detected) 

Anthranol 
glycosides 

Modified Borntrager's test Rose-pink ammoniacal layer −  
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(Not 
detected) 

Note: (+) indicates that the diagnostic reaction was observed consistently across triplicate trials (n = 3); 

(−) indicates that no diagnostic reaction was observed under the extraction and assay conditions 

employed, and does not by itself establish the absence of the metabolite class. 

 

Figure 1. Qualitative phytochemical reactions of the ethanolic root extract of Ficus religiosa L., each 

photographed alongside its corresponding reagent blank (control): (A) ferric chloride test for phenols, 
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showing the positive blue-green to brownish-black reaction; (B) iodine test for carbohydrates; (C) biuret 

test for proteins; (D) ferric chloride precipitation test for tannins, showing the positive dark green 

flocculent precipitate; (E) ninhydrin test for free amino acids; (F) froth test for saponins; (G) Salkowski 

test for steroids and triterpenoids; (H) test for anthranol glycosides. In each panel the control and test 

tubes are identified by the labels visible in the photograph. 

3.3 Comparative Phytochemical Profiling across Ficus religiosa Organs 

Table 2 contrasts the observed root profile with previously published data of different organs of Ficus 

religiosa to put the present findings in context of the broader literature. The aerial organs (leaves, stem 

bark and young buds) often included detectable saponins, sterols and glycosides in a variety of solvent 

systems whereas the subterranean root extract studied here presented a more restricted profile 

dominated by polyphenols and tannins. It is important to mention that the research collected in Table 

2 differ in extraction solvent, extraction methodology and analytical method, hence the comparison is 

informative and not precisely quantitative. 

Table 2. Comparative distribution of phytoconstituent classes across different organs of Ficus religiosa 

L. 

Plant organ Extraction solvent Reported phytoconstituent 

classes 

Reference 

Root 

(subterranean) 

Ethanol (95%) Phenols, tannins 

(carbohydrates, proteins, free 

amino acids, saponins, 

steroids, anthranol glycosides 

not detected) 

Present study 

Root bark Hydro-alcoholic Polyphenolic markers, 

flavonoids (HPTLC) 

Jyothisree and 

Umadevi (2020) 

Leaf Aqueous / ethanol Flavonoids, phenolics, 

tannins, saponins, sterols 

Lakshmi 

HimaBindu et 

al. (2013); Rajiv 

and Sivaraj 

(2012); 
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Ghadigaonkar 

et al. (2021) 

Stem bark Ethanol / methanol Phenolics, flavonoids, 

alkaloids, tannins 

Shahid et al. 

(2016); Babu et 

al. (2010) 

Stem buds Hexane / ethyl 

acetate / methanol 

Phenolic acids, flavonoid 

derivatives (GC-MS) 

Kumar et al. 

(2023) 

Whole plant / 

multi-organ 

Various solvents Alkaloids, flavonoids, 

saponins, sterols, tannins, 

glycosides 

Gul et al. (2023); 

Javaid et al. 

(2026) 

DISCUSSION 

4.1 Phytochemical Significance of Phenols and Tannins in Peepal Root 

The major chemical finding of this investigation is that tannins and phenols are present. The plant 

polyphenols (phenolic acids, flavonoids and condensed tannins) are known to behave as antioxidants 

and they serve as chain-breaking antioxidants by donating hydrogen atom, single electron transfer and 

transition metal chelation (Pereira et al., 2009; Gulcin et al., 2010). Tannins are also characterized by 

astringency, which is their ability to precipitate and cross-link proteins that can create a protective 

coating over inflamed epithelium tissue, and to complex microbial surface proteins (Rajiv and Sivaraj, 

2012; Panche et al., 2016). These data suggest a possible chemical basis for the traditional 

ethnomedicinal use of Ficus religiosa root in gastrointestinal disorders (dysentery, diarrhea), wound 

healing and inflammatory illnesses (Chandrasekar et al., 2010; Bhalerao and Sharma, 2014). The 

persistent presence of polyphenolic ingredients in root tissue suggests that the underground organs 

may be a viable and mostly untapped source of such substances, but this claim has to be confirmed 

quantitatively and experimentally. 

4.2 Interpretation of the Negative Screening Results 

The lack of detectable carbohydrates, proteins, free amino acids, saponins, steroids and anthranol 

glycosides may be due to various interacting variables. Extraction kinetics and solvent selectivity. 

Ethanol (95%) is a solvent of intermediate to high polarity that preferentially solubilizes low to medium-

molecular-weight polar and polyphenolic compounds, but poorly extracts high-molecular-weight 
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polysaccharides, structural proteins and strongly lipophilic phytosterols in absence of a preliminary 

petroleum ether or hexane defatting step (Do et al., 2014). Colorimetric assay detection limits 

Qualitative tests using tubes are done at presumptive colorimetric thresholds (Doss, 2009). Trace 

amounts of saponins or glycosides may thus be below the sensitivity of the standard color reactions 

and the negative result signifies non-detection rather than verified absence.  

Biosynthesis and distribution in specific organs. Secondary metabolism is strongly controlled by 

development and anatomy. Leaves and aerial bark are active sites for photosynthetic and defense-

related biosynthesis, producing saponins, glycosides and sterols (Gul et al., 2023), while root tissue is 

primarily involved in anchorage, water uptake and long-term storage, and may channel its defensive 

metabolism preferably into condensed tannins and polyphenols active against soil-borne 

microorganisms (Babu et al., 2010). 

4.3 Limitations and Future Research Directions 

We need to mention certain limitations of the present work. First of all, the study is qualitative and does 

not provide any spectrophotometric quantification of total phenolic content (TPC) or total flavonoid 

content (TFC). Therefore, the screening just shows presence or not, but not relative abundance. 

Secondly, the ferric chloride reaction is characteristic of phenolic compounds in general and does not 

in itself distinguish tannins from simple phenolics ; the tannin result should be verified by a 

complementary assay such as the precipitation test with gelatin-salt or lead acetate. Thirdly, the 

current panel of eight tests did not include alkaloids (Mayer, Dragendorff and Wagner reagents), 

flavonoids (alkaline reagent and Shinoda tests) or terpenoids, all of which have been found in other 

organs of the species (Table 2) and should be included in future screening of root material. Fourth, just 

one solvent system was used without successive fractionation limiting the range of classes of 

metabolites recoverable from the matrix. Hence, future work should include: (1) comprehensive 

sequential extraction with solvents of increasing polarity (petroleum ether → chloroform → ethyl acetate 

→ methanol → water) (2) spectrophotometric quantification of TPC, TFC and condensed tannins and in-

vitro antioxidant assays such as DPPH, ABTS and FRAP (Kedare and Singh, 2011); (3) chromatographic 

profiling by HPTLC and LC-ESI-MS/MS for isolation and structural elucidation of individual polyphenols 

(Kumar, 2017) and (4) comparative bioactivity screening against common human and plant pathogens 

for testing the traditional antimicrobial claims. 

CONCLUSION 
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The present qualitative analysis shows the dominance of phenolic compounds and tannins in the crude 

ethanolic root extract of Ficus religiosa L. by 72 h cold maceration. Carbohydrates, proteins, free amino 

acids, saponins, steroids, triterpenoids and anthranol glycosides were below the detection limit of the 

colorimetric assays used. The findings reveal root of peepal as an accessible and easily extractable 

source of polyphenolic and astringent compounds. The data provide a preliminary chemical rationale 

in agreement with the traditional usage of F. religiosa root and underscore the necessity for quantitative, 

chromatographic and pharmacological exploration of this under-explored organ. 
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